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DIRECTIONS TO CONTRIBUTORS 


apers submitted for publication m the Biochemical Journal should be as concise as possible 
the interests of the Journal it will be necessary for the Editors to return any typescript 
. ch does not satisfy this condition Special attention is directed to the sections below 
concerning the preparation 6f the typescript Care in this matter will hasten publication 
Typescripts which do not conform to the conventions of the Biochemical Journal will be 
returned to authors for revision 


Communications Papers gnbnutted for publication 
should be sent to Prof E 5 King (BiocAemtcul Journal), 
British Postgraduate Medical School, Ducane Road, London, 
\V 12 CommunicotionB respecting the purchase of reprints 
should be addressed to The University Press, Cambridge 

General Submission of a paper to the Editorial Board 
will be held to imply that it represents the results of ongujal 
research not prenoualy published, that it is not under 
consideration for pubhcation elsewhere, and that if accepted 
for the Btochemtcal Jourrud it will not be published other 
wise in the same form, either m En gl is h or in any other 
language, without the consent of the Editonal Board. 

Contnimtors who reside outside Great Bntam are re 
quested to nominate somebody in Great Bntam who is 
willing to correct the proofs of their papers Papers firom 
such contnbutors should be aocompamed by a statement 
of the number of reprints required. 

Unless confusion would otherwise arise, contnbutors’ 
names should appear as imtials (but female authors may 
use one given name m full) and surnames only, without 
titles or auffiies The name and address of the laboratory 
, ere the work was performed should be given Any 
sary descriptive matenol regarding the author, e g 
M^onal Pellow, should appear m brackets after the 
a'uvuorA.nrme, or at the end of the paper, and not m 
the form of a footnote 

Typescripts should carry an indication of the name and 
oddress of the person to whom the proof of the paper is to bo 
'~'~GiIionld give also a shortened version of the paper’s 
~''--rorty five letters and spaces m length, 
'^bhsH’e^ pages ofthework. 

blicatlon The 


With the Btochemical Journal’s practice conconung typo 
graphical and other conventions, use of cross headings, 
lay out of tables, etc Attention to these and other details 
(mentioned below) in the preparation of the typescript 
before this is sent to the Editors will shorten, the tim'' 
required for pubhcation The need for undue amounts or 
editorial revision caused by badly prepared typesonpt will 
lead to delay m publication for which the Editors caimot 
accept responsibihty Papers on spociahzed aspects of the 
subject should be presented m such a way asjn make them 
intefligible, without undue difficulty, to thq,ordinai^ reader 
of the Journal In any case sufficient fiafijhnatiOn should 
be made available to permit repetition 'of the published., 
work by any competent reader of the Journal 

Papers mtended for publication khonld he m double ' 
spaced typing On sheets of uniform sue with adequate 
margins Top Copies only should be submitted The paper 
should be mitteu in the English language and should, in 
gene^, be divided mto the following parts (a) Introductory 
paragraph, containing the reasons for publication of the 
work, (6) Erpenmental methods adopted with chemical' 
papers the eiiperimental part will normally appear towards 
the end, bnt with other types of publication Jlethods should 
appear after Introduction, (c) Results these should be 
given as concisely as possible, preferably m the form of 
figures or tables Tables and figures illustrating the same 
data will only rarely be permitted. Blnstrative protocols 
only should be mcluded, (d) Discrussion it is desirable that 
the presentation of the resnlta and the discussion of their 
BigmJficanco should bo considered separately, (e) Summary 
a brief self contained eumsnary, amounting more 

than 3 % of the length tif thepg^iBl^*^^^ yJnded, 
the paragraphs of -ed. 





names of all the authors nhould be given when reference is 
first made, e g (Osborne, Mendel & Ferry, 1919), subse- 
quent mtations should appear thus (Osborne ei al 1919) 
Where more than one paper by the same authors has 
appeared in one y^ the reference should be given as 
follows Osborne & Mendel- (191^a), Osborne & Mmdel 
^ (1914b), or Osborne Sp Mendel) (1914a, 6), (Osborne & 
Mendel, 1914a, 1916, jgpmdtfc-fc ^wbinson, 1942) 

References Ah the end o^th^ paper references should 
be given m alphabetical 'erder/^ao'cording to the name of 
the first atl^or of the^^^cation quoted, and should 
include the authors’ imtialSj'the title of the paper should 
not be Poinded. Sfitlfi p^joumals should be abbreviated 
lit aoeordance(with th^ %^m used in the World JUtt of 
’^dienti^c F^^odidaZ^ (1935 2nd ed. Oxford University 
Ffess) Examples of such abbreviations wiU be found in 
the chJrenf numbers of the Stochemtcal Journal and a useful 
list has recently been published m the Journal of Physiology 
(1946, 104, 232) Eaferences to books and monographs 
should mdude the town of pubhcation and the name of 
the pubhsher, as well as the date of publication and the 
number of the edition to which reference is made Thus 
Ramett, J W Sobmson, F A (1942) BiocAem J 36, 
364 

Culbertson, CCA Thomas, B (1933) Rep Agnc 
Res Iowa St OoU. 82 

Doisy, E A., Somogyi, M & Shaffer, P A. (1923) J bid 
Chem 66, Proc mm 

Fairley, N H. (1938) Nature, Lond., 142, 1166 
Hennessy, D J (1941) Industr Engng Chem (Anal ed.), 
13, 216 

King, H. (1941) J chem Soe p 338 
Osborne, T B A Mendel, L B (1914o) J bud. Chem 17, 
325 

Osborne, T B A Mendel, L B (19146) J btol Chem 18,1 
Osborne, T B A Mendel, L B (1916) Biochem J 10, 634. 
— -vQsbome, T B, Mendel, L B & Feny, E L (1919) 
J bid Chem 87, 233 

Starhng, E H (1916) Principles of Human Physiology, 
2nd ed. London Churchill 

Statistical Treatment of Uata In general the 
pubhcation is not necessary of all the mdividual results of 
a numbca' of similar experiments A statement of the 
number of mdividual results, their mean value, the standard 
error of the mean value, and the extreme range (highest 
and lowest values m the senes) is usually sufBoient 
A statement that a significant difference probably exists 
between the mean values of two groups of data should be 
accompomed by the calculated probabOity that the ob 
served difference is significant 

Illustrations niustrationa, which should be approxi 
j' mately twice the size of the finished block, should each be 
on a separate sheet, packed flat and bearing the author's 
name Diagrams should be m Tndmn ink and should be 
drawn on plam white paper, Bristol board, or faintly blue- 
hned paper Curves based on experimental data should 
carry clear mdications of the experimentally detemimed 
pomta Letters, numbers, etc., should be written hghtly 
m penciL On the back of each figure should be wntten 
tie author’s name and the title of the paper Legends and 
captions should be typed separately from the illnstrations, 
each on a separate sheet, and numbered correspondmgiy 
mth the relevant lUnstraboii. Figures should be compre- 
hensible without reference to the text 

»UcmId carry headings describing their 
without reference 
or tho data. O.E g/KKjmL. 


should be given at the top of each column, and not repeatai 
on each line of the table. Tables should dot normally i! 
included in the body of the text, but should be typed o. \ 
separate sheets. Their approximate position m the teib 
should bo mdioated. f 

Chemical Formulae These should be written as frr a' 
possible on a single horizontal Ime With morgamo sub! 
stances, formulae may be used, particularly m the eipen \ 
mental portion, at the discretion of tho editors With salts 
it must be stated whether or not the anhydrous material ^ 
isnsed,eg anhydrous CuSOi, or which of the different ifiys 
talline forms is mdicated, e g OuSOf 6H,0, OuSO,.lIjO 

Description of Solutions Solntionsof oommonaoideand 
bases should always be expressed m terms of normahty (n), 
and saltsipreferably m terms of molanty (m), e g n HCl, 
OlMNaHjPO^ Fractional oonoentratioiis should pre 
ferably be expressed in the decimal system, e g 0 25 k HCl 
(not n/ 4 HCl) The term ’%’ must be used m its correct 
sense,! e g/lOOg ofsolution For ‘per cent by volume ’,i e 
ml /1 00 mL, the term '% (v/v)’ may be employed To 
mdioate that a given weight of substance is contamed m 
100 ml of solution, the term ‘ % (w/v) ’ (weight per volume) 
may be used 


Symbols and Abbreviations Authors should refer to 
current numbers of the Biochemical Journal for information 
in this connexion. The oheimcal nomenclature adopted is 
that followed by the Chemical Society (see J chem Soc 
1936, p 1067) With a few exceptions the symbols and 
abbreviations are those adopted by a committee of the 
Chemical, Faraday and Physical Societies m 1937 (see 
J chem Soe 1944, p 717) Speotrophotometno terms and 
symbols are those proposed by the Society of Pubho 
Analysts and other Analytioal Chemists (see The Analyst, 
1942, 67, 164) The attention of authors is parfacnlarly 
drawn to the following symbols m=(milh)=10“* and 
y=:(miaro) =10-^ Note also that ml (milhhtres) should be 
employed instead of ac , and pg (miorogramB) instead of y 
Nomenclature of Micro-organisms Bmommal Latm 
names of micro organisms, the geneno name only with a 
capital, must be used m accordance with the International 
Rules of Nomenclature Bmommals should be imderhned 
once (for Ualtc) m the typesonpt. A name must be given in 
full at the first mention m a paper, in subsequent mention 
the geneno name may be abbreviated, but the abbreviation 
must be unambiguous Single mitial letter abbreviations 
should, m general, be avoided (thus Staph aureus, Strep 
pyogenes not 8 aureus, S pyogenes) Scientific epithets or 
tnvial names are not undetlmed and should be without 


capitals 

Microfungi should be designated as m Ainsworth A 
Bisby’s (1946) A Diclionary of the Fungi, 2nd ed (Kew 
Imperial Myoological Institute) 

Bacteria The Editorial Board prefers that the nomen , 
Mature of Bergey’s Manual of Delerminative BaderioM 
(1948), 6th ed. (London Badhire, Tmdall A Cox) should V 
followed. Where authors wish, for good reasons to^_. 
a name other than that m Bergey’a Manual, tht m m 
Ber’cv’s Manual should be inserted m brackets at the fimt 
full “citation, thus Ohromobactenym prodigiosum (SerraUa 


larcescens) 

teprints Where atleast one anthorof apaperis amember 
f the Biochemical Society, twenty five reprints are mp- 

hed free of cost H the supply of paper peanuts, ^ a^hor 

lav purchase additional leprmte if he notifies the Press 
n appropriate form immediately the proof of the paper 

, receiv^, but only m exceptional cironnistaT.p« 
lore 4han a total of 175 


CORRIGENDA 


Tlie Fate of Certain Organic Acids and Amides m the Rabbit 
3 Hjdrolysis of Aimdoa by Enzymes tn tntro 
By H G Bray, S P Tames, B E Ryman and W V Tliorije 

Volume 42 (1948), No 2, p 277, Fig, 3 
for 0 0174m read 0 0087 m 
for 0 0087m read 0 0174m 


The Pate of Certam Organic Acids and Amides m the Babbit 
4 The Ammobenzoio Acids and their Amides 
By H G Bray, H J Lake, P C Neale, W \ Thorpe and P B Wood 

Volume 42 (1948), No 3, p 443, ool 1 

Third reference for Marshall, J K. Jr 
read Marshall, E K Jr 

Metabolism of Fluorene m the Rabbit 
ByW J P Neish 

Volume 43 (1948), No 4, p 634, ool 1 
hne 6 insert the qumones of after that 
Ime 7 for hydrocarbons read compounds 
p 636, col 2 

line 6 of ' Summary for hydrocarbon read compound 


The Inhibition of f Glucuromdase by Saccharic Acid and 
the Role of the Enzyme in Gluouromc Sjmthesis 
By M C Kaninairatnam and Q A Lewy 

Volume 44 (1949), No 6, p 603, col 2 

hne 21 for methylgluouronide read menthylgluouromde 

The Fate of Cartatn Orgaihic Acids and Amides m the Rabbit 
7 An Amidai^pf Rabbit Liver 

By H Q Bray, S P Jopios, I M RaCfan, B E Ryman and W V Thorpe 
Volume 44' (194^), So, p 621, Table 3 
Heading to ool ifor glutamine read glutamme* 
p 624, 1 

Ime 2 from end of t^xt for acetylglycme read glyoylglyome 

Volume 4S (1940j, No 1, Index of authors 
for Dale, W M p 106 read Dale, W M p 93 

Preparation of the Antibiotic Nism 
By N J Bemdge 

Volume 45 (1949), No 4, p 486 

for Received 20 May 1940 read Received 20 May 1949 

The Turnover of Radioactive Phosphate Injected 
mto the Subarachnoid Space of the Brain of the Rat 
By O Lmdbeig and L Emster 

Volume 46 (1960), No 1, p 44, col 1 
hne 14 for 106 read 10" 
p 46, Table 4, last ool 
for 29 6 read 68 4 for 68 4 read 29 6 
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Entries marked with a section mark (?) refer to contributions made to Symposia 
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Beevers, H see also James, W 0 020, xi 
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xlvi 
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Ledgenana 38 
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78 
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Raistrick, H Studies in the biochemistry of micro 
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Enzymic formation of pressor amines xvui 
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Bow E3, J H A ICenten, R H The effect of alkalis on 
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Butler, J A V , Piullips, D M P A Stephen, J M L 
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349 
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PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 


tie 270th Meeting of the Biochemical Society was hdd at the London School of Hygiene and Tropical 
'edicxne, Keppel Street, London, W 0 1, on Saturday, 30 October 1948 at 11 o , and tool the form of 
'Synlp'dstum on 'Partition Chromatography and its Application to Biochemical Problems’ 


COMMUNICATIONS 


•ductory and Theoretical Aspects By A J B Mabtin (Lister Institute of Preventive Medicine, 
London, iS TF 1) 


1 Purification processes may he classified mto 
) separation of already preexistmg phases, e g 

i’''’'ation, {b) distribution between phases followed 
y separation of the phases by processes described 
■ der (a), (c) estabhshment of a concentration 
^ cnt or difference by some diffusional process, 
lowed by separation of regions of high and low 
,, ^ on of some particular component 

2 Purification processes belongmg to any of the 
ove classes may be apphed by means of appro 

teapparatusiil a counter current manner When 
the enrichment obtamable m a smgle simple opera 
tion is small, useful separation, i e a large factor of 
enrichment as "v^U as a high yield, may thus be 
obtamed The oliromatogram utihzmg (a) filtration 
and (6) distribution between two phases is perliaps 
the most elegant example of the counter current 
CC3 

3 In the separation of two components by 
distribution between phases the enrichment fac^ 
IS a measure of the difference between the amoimta 


of energy required to move the two components 
from one phase to the other As a first approxuna 
tion a given group m any molecule may be assumed 
to require a characteristic amount of energy on 
transference between a given parr of phases 
Analogies can be drawn for partition between 
hquids, adsorption on sohds and possibly crystal 
hzation, lomc, hydrogen bonding and Van der 
Waals forces, etc , playmg easily recognizable roles 
It IS m many cases difficult and even meaningless to 
draw a sharp distmction between adsorption and 
partition chromatpgraims 

4 As m adsgrf iion ohromatograms, m partition 
ohromatogramjfe elution development, front analysis 
or displacement development can be used Dis- 
placement development has advantages m the mass 
of material that can be handled So far, change of 
pH has been the effective agent m causmg dia- 
^placement, but other possibdities exist, e g jiMOCia 
tion with hydrogen bondmg groups 



Applications lof Partition ChroiMtogyaphy to 
(School of 'Biochemistry, UniverdU^f^ Cambridge) 

The most important problem before the protem 
chemist to day is the elucidation of the order m 
which ammo acids are arranged m a protem mole 
cule, and this con probably only be solved by 
mvestigatmg partial degradation products of 
protems Tlie fine resolvmg power of partition 
cliromatographio methods is makmg possible ithe 
study of these extremely complex mixtures of 
ammo acid^and peptides 

The method of paper cliromatography facihtates 
the rapid identification of any of the naturally 
occurrmg ammo acids in a mixture, and has been 
applied to many problems of protein structure 
The detormmation of the monoammo monocarb 
oxylic acids by fractionation of their acetyl 
derivatives on silica gel columns was the first 
accurate method for estunatmg tins group Ammo 
acids can also be estimated with considerable 


Studies of Protein Structure By P Sanoeb 

accuracy after jifrrect, :^^tionation on starch 
columns or by fractionation of their radiOEWStive 
p lodophenyl sulphonyl derivatives on paper cliro 
matograms 

Paper chromatography has now been extended 
to the fractionation of simpler peptides and the 
determmation of their structure Thus the order of 
the residues m ‘gramioidm S ’ has been shown to be 
valyl ormthyl leucyl phenylalanyl prolyl , and a 
large number of dipeptides have been dete cted m 
partial hydrolysates of wool ' ' ' 

A method was worked out for the detection and 
estimation of the free wimo groupl of protems and 
peptides usm^/tliU S, \ t ,h :2 4 fiuorodmitro 
benzene This njethod^ljie auA/ ~^n extended to 
the separation of peptides occupying termmal 
positions m the protem chains 
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Applications to Studies of Amino-acid and Protein Metabolism By C E Dbkt (UntversUy 
College HoapUal Medical School, London, W O 1) ' '' 


So far, only paper ohromatographic methods have 
been reported These appear to be of great value for 
quahtative emd rough queintitative analysis of 
amino acid containmg flinds, especially of the free 
ammo acids m tissue flmds Several new ammo 
ewids exist m these fractions and are widely dis- 
tributed m nature 

The most useful techmcal advance has been the 
mvention of a desalting device by Consden, Gordon 
& Martm (1944) This enables much larger volumes 
of solution to be analyzed on the paper, so that most 
ammo acids can now be readily detected at a con 
centration of only 1 gg /ml For purposes of 
reference a map has been prepared showmg the 
positions occupied on phenol ‘ coUidme ’ two 
dimensional chromatograms by some 60 ammo 
acids and other nmhydrm reaotmg compounds 

Change^ m many mdividual ammo acid coneen 
trations in blood, urme and other flmds can be 


readily observed simultaneously on paper chromate 
grams This wide coverage of many of the possible 
variables is essential when the metabolism of single 
ammo acids is bemg followed owing to the remark 
able effect that one ammo acid may have on the 
amounts of the others present When the digestion 
and adsorption of protems is bemg studied, changes 
m blood ammo acids can provide data as to the 
likely mechanisms mvolved, and as to the avail 
abflity of certam ammo acids m the protem, and 
whether their rate of hberation by the gut enzymes 
IS simultaneous or otherwise 

Five human diseases exist, the nature of which 
suggests some connexion with a gross error of 
ammo acid or of protem metabohsm These are 
acute yellow atrophy of the hver, the Fanconi 
syndrome, cystmuna, phenylketonuria, andmultiple 
myelomatosis Prelunmary work on these diseases 
was reported 
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Application to Carbohydrate Studies By S M Pabtstdoe (Low Temperature Research Station, 
University of Cambridge) 


The mtroduction of partition chromatography by 
Martm & Synge (1941) and its further development 
by Consden, Gordon & Martm (1944) to the separa 
tion of free ammo acids on filter paper chromato 
grams opened a field for the apphoation of similar 
prmciples to the chromatographic separation of a 
fairly wide range of substances other than the 
ammo acids Thus simple sugars and oligosaccharides 
of low molecular weight were separated on filter 
paper by irrigation with solvents such as phenol- 
water, coUidme water or butanol acetic acid water 
The reaction of the sugars" with a solution of silver 
mtrate m ammonia or a solution of naphthoresor- 
cmol m trichloroacetic acid was used as a means of 
reveahng then position on the chromatograms 
When morgamc salts were present m the test solu- 
tion, these were first removed by treatment -with 
lon-exohange reagents (Partridge, 1946, 1948o, b) 
Interference due to electrolytes weis studied by 


R G Westall (1948), while Jermyn & Isherwood 
(1948) mvestigated a wide range of solvent mixtures 
and obtamed a marked improvement m the separa 
tions by imgatmg paper chromatograms with ethyl 
acetate acetic acid water and ethyl acetate pyri 
dme water mixtures The selectivity of the method 
was also unproved by Forsyth (1948), who exammed 
the colours produced by the sugar spots on heatmg 
with various phenohc reagents m the presence of 
hydrochloric acid 

Quantitative apphoations were explored by 
Hawthorne (1947) and by Flood, Hirst & Jones 
(1947) Bell (lOM) carried out the quantitative 
separation of a number of methylated sugars on 
a column of silica gel, and Brown, Hirst, Hough, 
Jones Sc Wadman (1948) apphed the filter paper 
techmque to the identification of methylated sugars 
m the comphcated mixtures resulting from the 
hydrolysis of methylated polysacchandes 
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the presence of bromine water The use of vanadic 
acid was suggested by an observation of Pozzi Eseot 
(1946) The yield of pentabromoacetone is practically 
quantitative, large excesses of oxidizmg agents are 
harmless, the presence of many natural substrates 
m excess does not mterfere and the specificity of the 
reaction is mcreased, as, for example, hydroxy 
butjTic acid gives no colour 

As for the oolonmetnc estimation of the penta 


Isi 

bromoacetone formed a number of recently de 
scribed modifications were tried, but it is held that 
the sodium sulphide method (Pucher, Sherman & 
Vickery, 1936) is still superior to any other from the 
pomt of view of sfieed, sunphcity, specificity, and 
senflitmtj’^ Ho stabihzmg agent is required if the 
petroleum ether used for extraction of pentabromo 
acetone has been properly purified and if the 
coloured extract is protected from strong hght 
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The Hexokinase Reaction as an Indicator of Hormonal Levels In Hu m an Blood By H Weh.- 
MAiiHEBBE [Rumvell Hospital, nr WtcLford, Essex) , 


Evidence is mounting to show that the phosphoryla 
tion of glucose catalyzed by hexokinase is under 
direct hormonal control, bemg inhibited by pitmtary 
and adrenocortical hormones and reactivated by 
msuhn 

It has been found that the activity of rat bram 
hexokinase is greatly influenced by the addition of 
oertam samples of plasma or corpuscle haemolysate 
of human blood, withdrawn fixim the antecubital 
. vem of (1) ‘normal’ subjects, (2) diabetica, (3) 
' patients dunng smd after msuhn hypoglycaemia 
Effects of plasma Addition of plasma from normal 
fastmg subjects to the hexokmase system is usually 
I without significant effect, but after food mtake 
activation may mcreasmgly develop On the small 
sample of diabetic patients avadable, the opposite 
effect was observed A post absorptive inhibition 
occurred which, after msuhn medication, was absent 
or replaced by activation Durmg msuhn h 3 rpo 
glycaemia three types of response were observed 

(1) absence of marked activation or inhibition, 

(2) prevalence of inlubition (more frequent m men) , 

(3) strong activation (more common m women) 


These effects may be explamed by the assumption 
that mhibitmg and activating factors are present m 
plasma m varymg relative amounts 

Effects of corpuscle haemolysates These usually 
show a strong activating effect aheady m specimens 
from fastmg subjects It is particularly noteworthy 
that this activation occurs also with ‘diabetic’ 
haemolysates Haemolysates from hjqioglycaemic 
patients may show an inhibition effect, especially 
when there is inhibition by the plasma Otherwise 
there is little correlation between the effects of 
haemolysates and plasma 

The effects described cannot be accounted for 
either by unspecific protem effects or by the presence 
of hexokmase or ATP m the samples 

Commercial msuhn (‘ A B ’) added w, vitro (0 6 
umt/ml ) was found to have no significant effect on 
rat bram hexokmase activity, either m presence or 
absence of blood samples In particular it does not 
reverse the mhibitmg effects of samples of diabetic 
or hypoglycaermc plasma 


The Metabolism of A^-Acetylglucosamlne by Streptococci By H J Rogers (Biological Research 
Dcparlincnt, Dental School and Hospital, Leeds University) 


Despite the importance of ammo sugars as con- 
stituents of a wide variety of polysaccharides, such 
as cliondroitm sulphate, hj aluromc acid, chitm and 
those present m saliva or other mucins, little is 
knovTi about thour metabohsm by either animals or 
bacteria Lutuak Slonn (1941) examined m some 
detail the breakdown of glucosamme by ammal 
tissues and by a few strains of bacteria concludmg 


that kidney, testis and the bacteria contam pow erful 
enzyme systems which oxidize and deaminate the 
ammo sugar Both aspects ofthe process were foimd 
to be mhibited by monoiodoacetate, fiuoride, toluene 
and mertluolate, whereas cyamde was much more 
effectiie against oxidation than deammation An 
acid substance was formed dunng oxidation which 
was neither lactic nor acetic acids 
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In the present work the streptococci have been 
selected for study because some are capable of 
synthesizmg comparatively letrge amounts of hexos- 
amirte contairung polysaccharides, -whilst others can 
break down such macromolecules and utilize the 
hberated hexosamines Thus it seemed hkely that 
these organisms would have an active ammo sugar 
metabohsm 

The end-products formed from N acetylglucos 
amme by ten different strains of Streptococcus hoe 
molyttcus group A and group C and seven of Strepto- 
coccus mndans isolated from the mouth hfive been 
e-s:ammed. The results show that 1 mole of ^ acetyl- 
^lucosamine is broken do-wn to give 1 mole of 
ammoma, 1 equivalent of volatile acid and^from 
1 2 to 1 7 moles of a substance which possessgs the 
properties of lactic acid Washed suspensions of the 
organisms were used and the reactions conducted 
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at 37 6° and pH 7 2 The jn^lds of lactic acid from 
the ammo sugar are closely similar to those obtamed 
from glucose The rates of deamination, lactic acid 
formation and the utilization of N-acetylglucos- 
amme are closely similar and there is no evidence 
of any lag m deammation J^cfio acid is formed 
from glucose twice to twenty tiines faster than from | 
N acetylglucosamme Concentrations of from 0 2 [ 
toO 06 m glucose partiaUyinhibit deammation of the J 
ammo ^igar Deammation, utilization and lactic- . 
acid formation are all partially inhibited by fluoride, 
citrate, capryl alcohol, lodoacetate, bisulphite, 
dimedone and toluene There is a suggestion 
that deammation is rather more easily inhibited 1 
than utilization by some of the reagents The! 
results m general suggest that the 'pyranose rmg g 
structure is possibly broken before deammation | 
occurs 


,pi 


Quantitative Estimation of Threonine and Pflienylalanlne Content of the Polymyxins 
Eilben I SnoET ( Vt^ellcome ik^earch Laboratories, Beckenham, Kent) 


By 


The polymyxins are polypeptide antibiotics derived 
from various strains of BdctUus polymyxa (Brownlee 
& Jones, 1948) All have threomne as a oopstituent 
ammo-aoid and two of them, polymyxm ‘B ’and ‘ 0 ’, 
contam phenylalanme (Jones, 1948) 

Available microchemical methods have been 
apphed to the estimation, of these two ammo acids 
m hydrolysates of the liitibiotics Threorpne has 
been estimated by Wuimck’s method (194^) uSmg 
Conway diffusion cells ^ 

Phenylalanme has been estimated by a modrfica 
tion of Kapeller- Adler’s method (1932) Preimamary 
hydrolysis is not necessary smce heatmg -with the 
mtration mixture of potassium mtrate and con- 
centrated sulphuno acid causes simultaneous hydro- 
lysis and mtration The mtro compoimd is then 
oon-vertedto the purple s&lt of diaci-o-dimtro benzoic 
acid -with hydroxylamme .-hydrochlonde and am 


momum sulphate followed by sodium hydroxide 
(Albanese, 1944) 

ammo-acjd content is directlyj related to 
antibiotic acti-nty and the methods can therefore 
be apphed to the estimation of the polymyxins 

The purest sample of polymyxm ‘B’ so far 
obtamed (10,600n/mg ), contains 13 2% phenylala- 
nme and 14 92 % threo nin e These values suggest 
that the ammo acids are present m the polypeptide 
molecule m the ratio of tjro molecules of phenyl- i 
alanme to three of threomiipapd that the minimum I 
molecular weight of polymyxm 'B ’ is approximately 6 

2600 I “ - t 

The purest sample of polymyxm ‘E’ exammed 
(8860u/mg ) has a threomne content of 14 36 % The 
molecular weight corresponding to this figure would 
be of the order of (836)„ 
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Partition Chromatography of Organic Acids, Purines and Pyrimidines S R Ef 

{Department of BaeierioJogy, Sheffield University, Sheffield iO) 

Lester Smith (1942) showed that the silica gel Ishorwood (1940) applied the silica gel coW 
partition cliromatogram could bo used to separate the separation and quantitatuo oBtimat^ 
the lower fatty acids, Ci-Cj mclusivo, chloroform — oxalic, malic, fumnric, succmio, tartaric ani 


71 butanol mixtures were the solvents, and bromo 
oresol green was the mdicator used This procedure 
was subsequent!}' put on a qunntitati\ o basis 
(Elsden, 1946) with but nunor modifications of the 
procedure outhned by Lester Smith For con 
\emence, formic acid was excluded from the 
analysis and acetic acid was ostimatoS bj dif 
ference, acetic, propiomc and butjTio acids could 
alwaja be determined accurately and, mth oxcop 
tional gels, valeric could also bo estimated 

Recently, two groups of workers ha\ e extended 
the method to mclude valeric, hexoic, hoptyhc and 
octanoic acids, Scansbnek, Baldwm <L Jloyle (1948) 
used heanlv buffered, silica gel columns and 
chloroform — n butanol mixtures ns the developing 
solvents Peterson & Jolmson (1948) used Cehte 646 
as the earner with 30 n HjS 04 and benzene as the 
polar and non polar phases rospectir ely Li both 
modifications the columns are, of necessity, ‘nm 
bhnd’, and hoth therefore necessitate a large 
number of titrations for each estimation 


acids The polar phase was mode acid (0 6 N Ij 
to suppress ionization of the acids and thus 
of the bands, chloroform — n butanol mixturol 
tho developing sohonts The columns wer 
blmd’, but an ingenious technique, invd 
thjunol blue os external mdicator, was omplojj 
facilitate making tho cuts Special procautior 
to be taken m tho preparation of tho gel Lug\ 
Ororoll (1947) have separated a somewhat similK 
mixture of acids on paper, in this case formic acid 
was incorporated m tho polar phase to suppress 
ionization , ns yet tho paper method is not quanti ' 
tati\o 

Tho separation of purine and pyrimidine bases 
on paper and their subsequent estimation has 
been developed bj Vischor <L Cliargaff (1947, 
1948) and by Hotchkiss (1948), thus pa\'mg 
tho way to tho quantitative study of nucleic 
acids and their derivatives Crammer (1948) has 
described a method for tho separation of flavine 
nucleotides 
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Anthocyanlns and Flavones By E C Bate Smith {Low Temperature Research Station, University 
of Cambridge) 


In an earher note (Bate Smith, 1948) some details 
were given of the chromatography on filter paper 
of cyamn, peonm, malvm and hirsutm , of the corre 
spending monoglucosides and anthocyamdms, of 
the flavone apun and its hydrolysis products, and 
of a constituent of dahha petals presumed to be the 
chalcone butem 

It was pointed out that the relative distance 
travelled by the anthooyanms m butanol acetic 
acid (tho Rf value) is markedly affected by hydro 
ohlonc acid, but that there are, nevertheless, com 
pensating advantages m the presence of this acid m 
the systeVn This effect of hydrochlonc acid has, 
therefore, been explored m detail A second solvent 
(phenol 1 % acetic acid) has been found to give 
satisfactory results with many of tho substances 


Anthocyanins In addition to those already 
named, samples of sjmthetio polargonm and dolphin, 
and of natural pelargomdm , oyamdm , peomdm- 
and delphimdm 3 monosides have been obtamed * 
The anthocyamdms have been prepared (m 
solution) by acid hydrolysis of the anthocyanins 
The aglucones, especially oyamdm, are unstable 
when run on filter paper unless considerable hydro 
chloric acid is present In HCl free butanol acetic 
acid they may disappear completely after several 
hours’ runnmg Up to the present greatest stabdity 
has been obtamed with butyl alcohol ec[uihbrated 
with 2n HCl 

Fission products of anthocyanins When viewed m 
ultraviolet hght, or when treated with ammomcal 
• From Mrs R Jleares 
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silver nitrate as for the development of reduomg 
sugars, chromatograms of acid hydrolyzed antho 
cyamns shoiv numerous ^pots which from their Jtj, 
values and from th^ir relation to the structure of 
the particular anthocyanins can be attributed to 
products of the fission of the pynhum rmg The 
identiBcation of these as derivatives of catechol, 
phloroglucmol, pyrogallol, etc , is proceedmg 

Flavones A considerable number of pure flavones 
and flavone glycosides have been exammed 
Regularities are apparent m the relationship between 
structure and value m butanol acetic acid 
With mcreaeing OH, the jRj, falls (Quercetagetm 
has an value which brmgs it withm the range of 
the anthocyanins ) With mcreasmg glycosidation, 
except m the case of rhamnosides, the Hy also 
regularly falls, but the position of the sugar residue 
affects considerably the extent of the fall The 
fnonosides of the more usual flavones still fall well 
outside the range of the anthocyanins, but the 
biosides and, it may be anticipated, the diglycosides 
fall withm this range (As was shown, this question 
is important m the deciphermg of chromatograms 
of plant extracts ) 

The isofla\onos mgerun and tectorigenm and 
tlieir gluoosides have similar By values to the 
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correspondmg flavones and flavone glucosides, 
but their position on the chromatogram can 
only be detected by spraymg with dilute aqueous 
FeOa 

Chalcones Hydroxyohalcones, mcludmg butem, 
have By values similar to those of the flavones of 
correspondmg OH content Butem occurs m the 
flowers of Compositae, as a rule, as mono and di- 
glycosides, the former (m butanol acetic acid) with 
By approximately 6, the latter, approximately 4, 
withm the anthocyamn range 

Other polyphenohc substances The simpler poly 
phenols and their , methyl and oarboxyho acid 
derivatives show a great regularity m By value with 
mcreasmg substitution These substances can 
readily be demonstrated by developmg with 
ammomacal silver mtrate (those with ortho or para 
dihydroxy substitution reducmg m the cold) or by 
spraymg with dilute aqueous ferric chloride 
A number of constituents of plant extracts have 
- already been identified by this means, and their 
identity confirmed by simultaneous chromato 
graphy of the pure substances 

Chromatograms of extracts of flowers of Com- 
positae, Ins emd Pelargonium, were shown and 
discussed 
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Partition Chromatography with Stationary Phases other than Water Alone By A A Levi 
(Imperial Ghemteal Industries, Limited, Manchester) 


Three mam types of partition chromatogram are 
described in which water alone is replaced by other 
stationary phases The first and most generally 
useful employs buffer solutions The advantages 
and disadvantages of this type of column are 
discussed, and its use m the separation and purifica- 
tion of the penicillins is described The techmque 
should be useful m severed other fields A second 
type of column uses a solution or suspensions of 
a substance which reants differentially but irre 


versibly with the components of a mixture This 
type of column cannot give complete separations, 
but is valuable as a prehmmary concentration of 
the constituents of a complex mixture By smtable 
choice of stationary phase comparatively large 
quantities of material can be convemently treated 
FmaUy, a few systems can be used m which both 
stationary and fiowmg phase are non aqueous 
This method, although of restricted apphcation, has 
given very useful results m particular problems 


General Review of the ApplicabiUty of the Method and Chairman’s Summing Up By R L M 
Synge (Bowett Besearch Institute, Buckshum, Aberdeenshire) 


In the course of summing up, the following topics 
were briefiy discussed 

^ (i) Problems of the relationship between solvents, 
solute and ‘ supportmg structure ’ and of adsorption 
phenomena m partition chromatograms 

(u) Limitations on the molecular size of sub 
stances undergomg separation on partition chroma 
tograms 

(m) Possibilities for partition chromatography 
with the stationary phase the less polar one 


(iv) The proper fields of apphcation of partition 
chromatography and counter current hquid extrac 
tion methods such as those of Craig and co-workers 

(v) Molecular characteristics mfluenomg the 
choice between adsorption and partition methods, 
improvement of separations by mtrbduomg ex- 
traneous reagents 

(vi) Imphcations for biochemistry of the speci- 
ficity of mtermolecular mteractions revealed m 
chromatographic studies 



! 


PROCEEDINGS OF THE RIOCHEjnC^AL SOCIETY 


The 271st Meeting of the Sociau uas held in the Middlesex Hospital Medical School, London, 11 1, 
on Saturday, 4 December 1048, at Ham, when the following papers were read 


COJEMUNICATIONS 


The Enzymic Decomposition of Blood- Group Substonccs BylM V Stack nnclW T o Moiiga>« 

(The Lister Institute of Prcvcntiie Medicine, London and Elstrce) 


Tlie action of tbo onzymos present m tlio oulturo 
supernatant fliuds of certain strains of Cl welchn 
(tj'po B) has been examined, usmg as substrates 
preparations of blood group substances of animal 
and human origm (see Jlorgan, 1947) Tbo onzymo 
actmtiea can be differobtiated by boatmg the 
enzjTne matenal at 66° for 1 lir wberoby tbo activity 
e.<go.mst the group substances A. and B is lost The 
boated solutions, boivoi er, are able to inactu ate tbo 
H serological character (Morgan <5o Watkins, 1948) 
of the so called ‘O’ substance (Morgan, 1940) 

Tlio unit of enzymic activity is defined ns tbo 
amount of activity vlucb mil brmg about tlio soro 
logical maotivation of 94% of 1 ml of a 0 10% 
solution of the group substance m 2 lir at 37° and 
pH 7 0 For practical purposes tins is eqmvalont 
to an amount of moctivation ivbich loners tbo 
inhi bition titre by four tubes when the usual 
geometneal dilution scale is employed 

Attempts to separate the enzymic jictm ties by 
fractional precipitation tochmquos mth ammomum 
sulphate or orgamc solvents, or by the addition of 
adsorbents to the supernatant culture fluids have 
been largely mtbout success Similarly, the adsorp 
tion on columns of adsorbents was exanunod but no 
useful separation of the enzymes was obtamed Those 
procedures gave rise to a considerable punflcation 


of tbo onzymos and activities of tbo order of 160 units 
per mg N have boon reached The enzymic pro 
parations are unstable unless stored dry at 0° or 
m gljcorol solution at — 10° Tbo optimum pH for^ 
tbo different activities measured was found to bd 
botvoon 6 6 and 0 6 (A, pH 6 6, H, pH 0 6), and no 
significant inactivation of the mucoids occurs at 
pH V aluos below 4 0 and above 9 0 Tbo A and H 
onzjmos aro more active at 45° than at 37° when 
tested ov or a 2 lir ponod Tbo high vnscosity shown 
by preparations of tbo mixed A and H mucoids 
doriv'od from commercial pig gastnc mucm (Morgan 
King, 1943) IS rapidly destroyed by an onzjmo 
(dopolymoraso) present m tbo crude Cl wclchii 
filtrates Tbo depoljmorose is mactivatod after 
lioatmg at 60° for 1 lir and shows an optimum 
activity at pH 6 8 Solutions of potassium byal- 
uronato and purified human A and H substances 
are not rendered loss viscous by tlus enzyme 
The lack of distmction between tbo physical pro 
portios of the enzjmes is of mterost and it could bo 
surmised that cortam groupmgs on the enzjmic 
complex which are specific for the A or B substance 
or for tbo depolymonsmg activity, become denatured 
at 60° loavmg other groups unaffected and still able 
to brmg about the inactivation of the H serological 
character of the substrate 


REFERENCES 

Morgan, W T J (1940) Nature, Land , 168, 769 Morgan, W T J i/ WatkinB, W M (1948) Brit J exp 

Morgan, W T J (1947) Expenentia, 3, 267 Path 29, 169 

Morgan, W T J & King, H K (1943) Biochem J 37, 640 


) 


A Comparative Study of the Succinic Dehydrogenase- Cytochrome System in Heart Muscle and 
Kidney By E C Slater [Molteno InsMiite, University of Cambridge) 


Keilm & Hartree (1940) reported that kidney (as 
well as bver and other organs) did not contam the 
normal cytochrome system which is found m the 
actively respirmg heart muscle, skeletal muscle and 
aerobic micro organisms In the kidney preparation 
used by Kefim & Hartree, the bands of cytochrome c 


and cytochrome 6, found m heart muscle, etc , 
were replaced by a smgle wider band (with centre 
at 666myx), wlucb was bebeved to the the same as 
cytochrome b^ found m certem xmero organisms 
In the presence of added cytochrome c, however, 
this preparation actively catalyzed the oxidation of 
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In 

succinate This difference between heart muscle and 
kidney has been remvestigated, usmg a different 
kidney preparation 

It was found that kidney possesses essentially the 
same cytochrome system as is found m heart muscle 
and there is no evidence for the presence of oipto- 
chrome 6^ It seems hkely that the wide band 
observed by Kedm & Hartree is due to the presence 
of denatured protem haemochromogens m their pre- 
paration Similarly, there appears to bo no essential 


Table 1 Rdahve enzyme activities afid concentrations 
of haematin compounds in heart muscle and kidney 
preparations 


All actmtiea based or 

1 fat-free dry weight 

Heart 

Heart 

muscle 

i^ucoimo Qxida&e 

mnsole 

Kidney Kidney 

626 

206 

31 

Suocmio dehydrogenase (Qoj) 

240 

67 

36 

Cytochrome oxidase (Qoj) 

3200 

1380 

23 

Protohaematm (/ua/g ) 

1 8 

18 

10 

Cytochrome c (pM/g ) 
Cjdochrome 5 (pu hae 
matm/g ) 

08 

0 27 

30 

' 0 64 

0 27 

24 

Catalase (pu haematm/g ) 

0 002 

0 034 

0 05 

Cytochrome o + 0 , (arbitrary 
nmts) 

1 

054 

19 


difference between the succmic oxidase systems m 
the two tissues, except that the heart muscle pre- 
paration is the more active (Table 1) 

Table 1 shows that both preparations contam 
unknown protohaematm compounds m addition to 
cytochrome b and catalase The spectrum of these 
unknown haematm compounds is not direotly visible 
m these preparations (cf Kedm, 1926, Slater, 1948) 
The enzyme preparations are colloidal solutions 
of particles which are probably derived from some 
Bubcellular structure m the tissue The (at 37°) 
of the cytochrome c m the heart muscle prepara 
tion 18 38,000, which is half the activity of the 
cytochrome c m yeast (Keihn & Hartree, 1940) 
Cytochrome c added m solution is much less effective 
catalyticaUy than the cytochrome c on the particles 
of the heart muscle preparation 

It was found that cytochrome b is mvolved m 
tbe. TwiwttAWCi xiretluyVe-Eia bVa'e by ■awiimz.tft It 
18 impossible at present to choose between two 
poBsibdities ( 1 ) cytochrome 6 is directly reduced by 
sucomate, i e it is identical with succmic dehydro 
genase, as has been suggested by Bach, Dixon & 
Zerfas (1946) and Ball, Anfinsen & Cooper (1947), 
(2) an additional enzyme, which is the true succmic 
dehydrogenase, is required for this reduction 
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)3- Glucuronidase and Glucuronide Synthesis By M C ELammAiBATKAM .and G A Lewy 
(Department of Biodhemistry, University of Edinburgh) 


In view of the relationship observed between the 
activity of ^ glucuromdase m a tissue stnd the state 
of proliferation (Lewy, Kerr & Campbell, 1948) it 
was considered important to find an inhibitor for 
this enzyme Ofmany compounds studied, mcludmg 
several ‘ growth inhibitors ’, by far the most effective 
was saccharic acid Almost complete inhibition of 
the hydrolysis of phenol glucuromde (0 016 m) by 
mouse hver or kidney preparations was obtamed 
with 10 X 10“®M saccharate, and 60% inhibition with 
2 x10“^m Closely related compounds were > much 


less effective than saccharic eioid No evidence has 
BO far been obtamed of any action, even m massive 
doses, of sacohano acid on growth processes m the 
mouse 

Ithas been suggested, without any direct evidence, 
that p glucuromdase is responsible for glucuromde 
formation m the body (Fishman, 1940) Leviq^ 
& Storey (1948) have developed a method for 
measurmg glucuromde synthesis by mouse hver 
shoes In concentrations up to 10 ~^m, sacclianO acid 
had no appreciable effect on this process 
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A Wilhams, R T ) 296 

p Hydroxybenzylacetamide, preparation of (Hartles, R A 
Wilhams, R T ) 296 

p Hydroxybenzylamme, fate m rabbit (Hartles, R L A 
Wilhams, R T ) 296 „ t 

p Hydroxybenzyhnethylamme, fate m rabbit (Hartles, Jv 
A Wilhams, R T) 296 
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Xdgnins, m young plants (Bondi A & Meyer, H ) 248 
ijpids, lymph, vitamm A m (Goodwm, TWA; Oreeorv. 
B A) 606 

Lipids, of normal bram (Johnson, A C , McNabb, A. B & 
^ Bossiter, E J ) 673, xxn 

Lipids, of penpheral nerve (Johnson, A C , MoNabb, A B 
A Bossiter, B J ) 678, rsu 

Lipids, required by mosqmto larva (Golberg, L A De 
MeiUon, B ) 372 

Lipoohromes, m gametes of Fucaceae (Carter, P W , Cross, 
L C , Heilbron, IMA Jones, E B H ) 349 
Lipoids, faecal, of cholesterol fed rats (Cook, B P , Polgor, 
N A Thompson, BO) ix 

Lipovitelhn, “P contammg, fate of mjeoted (Banka, T E , 
Boursnell, J C , Dewey, H M , Francis, G E , Tupper, B 
A Wormall, A ) 618 

Liver, carbon dionde fixation m mmced (Stem, J E,) 
616 

Liver, carotene vitamm A ratio of (Glover, J , Goodwm, 
TWA Morton, E A.) 612 
Liver, effect of oestrone on gluouromdase activity (Kerr, 
L M H A Lewy, G A ) Im 
Liver, glatamiQ acid synthesis m preparations of (Krebs, 
H A , Eggleston, L V A Hems, E ) 406 
Liver, growm factors for Lactobacillus casei m (Chattaway, 
F W , Dolby, D E A Happold, F C ) 687 
Liver, ”P m, after mjeotion of labelled proteins (Banks, 
T E , BouraneU, J C , Dewey, H M , Francis, G E , 
Tupper, B A Wormall, A ) 618 
Liver, rat, argmase activity of homogenated (FoUey, S J 
A Greenbaum, A L ) 637 

Liver, rat, argmase levels of, effect of adrenalectomy 
(FoUey, S J A Greenbaum, A- L ) 681 
Liver, rat, effect of synthetic oestrogens on succmoxidase of 
(Case, E M A Dickens, F ) 481 
Liver, rat, loss of mtrogen fiom, durmg protem free diet 
(Campbell, R M A Koaterhtz, H W ) 416 
Liver, uracil m nbonucleio acid of (Davidson, J N A 
Ra3mond, W ) xxia: 

Liver, utilization of ammoma m (Krebs, H A , Eggleston, 
L V A Hems, B ) 408 

Liver preparations, effect on pteroylglutamic acid de 
ficiency (Kodicek, E A Carpenter, K J ) i 
Locusta mxgraloria, action of insecticides (Davies, W H A 
Sexton, W A.) 461 

Locusta migratona, phenobo acid m (Hackman, B H , 
Pryor, M G M. A Todd, A R ) 474 
Lymph, of goats, non carotenoid pigment m (Goodwm, 
TWA Gregoiy, BA) 605 
Lymph, vitamm A m (Goodwm, TWA Gregoiy, R A ) 
606 

Lysme, effect on cell growth (Fischer, A ) 491 
Lysme, mduced deficiency of, m Tnbolium confusum 
(Fraenkel, G ) xiv 

Lysozyme, action on bacterial suspensions (Herbert, D A 
Pmsent, J ) 193 

Lysozyme, isolation of catalase from Micrococcus lyso 
deikticus with (Herbert, D A Pmsent, J ) 193 

Macrosiphontdla saribomi, action of substituted a ammo 
mtnles on (Amley, A. D A Sexton, W A ) 468 
Macrosiphum spp , action of orgamc sulphur compounds on 
(Davies, W PL A Sexton, W A ) 461 
i>Malate oxaloacetate reaction, coupled with reductive 
animation of a ketoglutarate (Krebs, H A , Eggleston, 
L V A Hems, B ) 406 

Mammary gland, rat, argmase activity of homogenated 
(FoUey, S J A Greenbaum, A L ) 637 
Mammary gland, rat, argmase levels of, effect of adrenal 
eotomy (FoUey, S J A Greenbaum, A, L ) 581 

Manganese activation of rat skm peptidase (NevUle-Jones, 
D A Peters, BA) 303 


Manganese activation of tissue argmase (FoUey, S J A 
Greenbaum, A L ) 637 

Manometer, Warburg, determmation of carbomc anhydrase 
activity by (Krebs, H A A Boughton, F J W ) 
660 

Manomotnc apparatus. Van Slyke Nedl, pipette for use 
with (Eaton, J C ) 406 

Manomotnc determination of succmio and a ketoglutanc 
acids (Krebs, H A A Eggleston, L V ) 17 
Manometnc determmation of uromc acids (Tracey, MV) 
186 

Jlares, pregnancy unne see Urme, pregnancy 
MednUa, structure m keratms (Blackburn, S ) 114 
Melanm formation m mosqmto larva (Qulberg, L A 
De LleiUon, B ) 379 

Z-Menthylglucuromde, m assay of glucuronidase prepara- 
tions (Mills, G T ) 126 

Merthiolate, used to preserve serum m suramm estima 
tions (Fischer, A.) 491 

Metals, divalent, activation of tissue argmase (FoUey, S J 
A Greenbaum, A L ) 637 

Metals, effect on proteolytic enzymes of rat skm (NeviUe 
Jones, D A Peters, B A.) 303 
Metals, trace, determination m meat digests (Jones, W A ) 
429 

Methionme, effect on ceU growth (Fischer, A ) 491 
Methylation, biological, of arsemc compounds (Bud, M. L , 
Ch^enger, F , Charlton, P T A Smith, JO) 78 
Methylation, formaldehyde hypothesis of (Bird, M L , 
ChaUenger, F , Charlton, P T A Smith, JO) 78 
0)3 Bis(M methyl o' oyanoheptylammo)ethane preparation 
and msecticidal action (Amley, ADA Sexton, W A ) 
470 

3 Methylglucose, mtestmal absorption in rat and cat 
(CampbeU, P N A Davson, H ) 426 
N Methyl 2 pyndone denvatives, preparation from mco 
tmanude and nicotmio acid (Holman, W I M A 
Wiegand, C ) 423 

MethySulphomum compounds, metabolism m moulds 
(ChaUenger, F A Liu, Y C ) xxxvu 
p Methylsulphonylanihne, estimation m mixtures (Spmks, 
A ) vn 

p Methylsulphonylanilme, formation m mouse (Rose, F L 
A Spinks, A.) vu 

p Methylthioanilme, estimation m mixtures (Spmks, A ) 
vu 

p Methylthioanilme, metabolism m mouse (Rose, FLA 
i^inks, A ) vn 

2 Methyl 14 6 tnhydroxyanthraqumone, from PemcilUum 
tslandicum (Howard, B H ) m 
Micrococcus lysodeikticus, hberation of catalase from, by 
lysozyme (Herbert, D A Pmsent, J ) 193 
Micro estimation, colonmetnc, of Lmcotme (Turn, A R ) 
67 

Micro estimation of citno acid (Wed Malherbe, H ) lx 
Milk, composition of, effect of thyroxme (Owen, E 0 ) 
236, 243 

Milk, yield of, effect of thyroxme (Owen, E 0 ) 236 
MoleoMar weight of tropomyosm (Bailey, K., Qntfreund, 

H A Ogston, A. G ) 279 

Monothioethylene glycol, action on pancreatic proteases 
(Peters, BAA Wakelm, B W ) 46 
Mosqmto larva, ammo acid and protem requirements 
(Golberg, L A De MeUlon, B ) 379 
Mosqmto larva, hpid requirements (Golberg, L A De 
MeiUon, B ) 372 

Mosqmto larva, pigmentation of (Golberg, L A De 
MeiUon, B ) 379 

Moths, action of orgamc sulphur compounds on (Davies, 

W H A Sexton, W A) 461 
Moths, action of substituted a ammomtrUes on (Amlej , 
ADA Sexton, W A ) 468 
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Ozoiuzation of mycophenoho acid and its methylated 
denvatives (Birkmshaw, J H , Bracken, A , aiorgan, 
E N & Raistnok, H ) 216 

I Paper partition chromatography see Chromatography 
Parotid saliva, of aheep (McDougaU, El) 09 
Partition chromatography see Chromatography 
Pea, chemical conatituente (Brown, M B , Cook-, R P & 
Stewart, K. M ) xx 

Pectase, tobacco leaf, effect of fertdizers (Holden, M A 
Tracey, M V ) 147 

Pectase, tobacco leaf, effect of virus infection (Holden, JL 
& Tracey, M. V ) 161 

Pelargomo acid, behavionr on buffered partition colnmna 
(3Ioyle, V , Baldwm, E & Scansbnck R ) 308 
Pentcxllana, hgmn m (Bondi, A & Meyer, H ) 248 
Pemcillin, partition chromatogram for analysis of (Levi, 
A A ) 257 

Pemcillins of PenictUivm noiaium, separation of mdmdual 
(Boon, Wi R , Calam, C T , Gudgeon, H & Levi, A. A ) 
262 

PentciUtum brevi compadum, mycophenohc acid from 
(Birkmshaw, J H., Bracken, A,, hlorgan, E N & 
Raistnck, H ) 216 

PenxciUium xslanAxctim, 2-methyl 14 6 tnhydroxyanthra 
qmnone from (Howard, B H ) lu 
Penxcxlhum notatum, pemcillms m two strains (Boon, W R , 
Calam, C T , Gu^eon, H L Levi, A. A ) 262 
PenxcxUmm notatum, sulphur metabohsm (HookenhuU, 
D J D) 498 

PentcxUxum noiaium, symbiosis m X ray mutants (Hocken 
hull, D J D) 498 

PenxcxUxum spp , morgamo sulphate metabolism (Raistnck, 
H & Vmcent, J M ) 90 

PenxcxUxum spp , methylation of arsemo compounds by 
(Bird, M L , Challenger, T F , Charlton, P T & Smith, 
JO) 78 

Peptidases m rat skm (Neville Jones, D & Peters, BA) 
303 

Peptides of cystme, m wool hydrolysates (Consden, A, & 
Gordon, AH) s 

Phenol, effect of drugs on bactencidal action (Dagley, S , 
Freeman, L 0 & Thompson, W B ) iv 
Phenol, from hgnins (Bondi, A & Meyer, H ) 248 
Phenol, oxidation to p ketoadipio acid (Mby, BA) v 
Phenol, used to preserve serum for suramm estimation 
(Dewey, H M & WormaU, A ) 24 
Phenols oxidation by polyphenolase (James, W O , 
Roberts, E A H , ESeevers, H <S, de Kook, PC) 626 
Phenylacetio acid, partition chromatography (Levi, A A ) 
267 

Phenylalamne, effect on pigmentation of mosqmto larva 
(Golbeig, L & De Meillon, B ) 370 
Phenylalamne, of polymyxms, estimation (Short, E I) bui 
N Phenylanthraniho acid, use m diacetyl urea reaction 
(Wheatley, V B ) 420 

a Phenylmethylanunoootoio mtrde, preparation and m 
secticidal action (Atnley, A D , A ^xton, W A ) 468 
Phosphatase, nulk, effect of thyroxme (Owen, EC) 236 
Phosphatase, of rabbit polymorphs (Cram, D M Rossiter, 
R J ) XXI 

Phosphatase, prostatic, hydrolysis of phosphoric esters 
(Delory, G E ) xiv 

Phosphocreatme, sodium, preparation (Ennor, A H & 
Stocken, L A.) 190 

Phosphohpms m normal bram (Johnson, A. C , MoNabb, 
A. R & Rossiter, R J ) 673 
Phosphohpms m peripheral nerve (Johnson, A C , McNabb, 
A R & Rossiter, R J ) 678 
Phosphorus, “‘isotope, fate of proteins contammg (Banks, 
T E , Boursnell, J C , Dewey, H M., Francis, G B , 
Tapper, B & WormaU, A.) 618 


Phosphorus metabolism of cows, effect of thyroxme 
(Owen, E C ) 243 

Phosphorus, nucleic acid, of chick embryo (Davidson, J N 
& Leshe, I ) xxvm 

Phosphorus, supplementary, effect on tobacco leaf composi 
tion (Holden, M & Tracey, MV) 147, 161 
Phosphoryl group, immunology of protems contammg 
(BoursneU, J C , Dewey, H M & WormaU, A ) 84 
Phosphotungstates, inhibition of succmic dehydrogenase 
(Krebs, H A- A Eggleston, L V ) 17 
Photometer, flame, determmation of serum potassium by 
(Klyne, W ) xxv 

Pigeon, carbon dioxide flxation m hver (Stern, J R ) 616 
Pigeon, glutamic acid synthesis in, tissues (Krebs, H A , 
Eggleston, L V & Hems, R ) 406 
Pigment, non carotenoid, m lymph of goat (Goodwm, T W 
&- Gregory, B A ) 606 

Pigment, potato stem end blaokemng (Wager, H 6 ) 318 
Pigmentation of gametes of Fucaceae (Carter, P W , Cross, 
L 0 , Heilbron, I M & Jones, E R H.) 349 
Pigmentation of mosqmto larva (Golberg, L & De MeiUon, 
B ) 379 

Pipette for use with Van Slyke NeiU manometno apparatus 
(Eaton, J C ) 406 
Ptsum satixmm see Pea 

Pitmtary, anterior, effect of extract on glucose uptake by 
muscle (Ottaway, J H d. Smith, R H ) xl 
Plants, young, hgnms m (Bondi, A & Meyer, H.) 248 
Plasma, dflntion durmg water diuresis (Dicker, S E ) 
463 

Plasma, effect of protem deficient diet on colloid osmotic 
pressure and composition of (Dicker, S E ) 444 
Plasma, recovery of suramm from (Dewey, H. M. A WormaU, 
A) 24 

Plasma, of herbivores, vitamm A m (Goodwm, T W & 
Gregory, R A.) 605 

Plasma fibrmolysm, activation and purification (Rocha e 
Silva, M & Bimmgton, 0 ) 163 
Plasma protem see Protem, plasma 

Polarographic estimation of ammo acids as copper com 
plexes (Martm A J P & Mittelmann, R ) 363 
Polymyxin A, chemistry (Catch, J R , Jones, T S G & 
Wilkinson, S ) xxvu 

Polymyxms, chemical basis for classification (Jones, 
T S G ) XXVI 

Polymyxms, estimation of threomne and phenylalamne m 
(Short, E L) Ixu 

Polymyxins, fatty acid m (Catch, J R , Jones, T S G A 
Wilkmson, S ) xxvu 

Polymyxms, nomenclature (Brownlee, G A Jones, T S G ) 

XXV 

Polyphenolase, BeUadonna see BeUadonna polyphenolase 
JPtJyphenols, chromatography (Bate Smith, EC) xhx 
Polysaccharides, bacteria], sod aggregation by (Geoghegan, 
M J A Bnan, B C ) 6 

Porphyrms, diphtheria, isolation firom cultures (Gray, C H 
A Holt, L B) 191 

Porphyrms, formation m rabbit (Miur, H. M A Nenberger, 
A.) lx 

Pota^ium, clearance by kidneyB (Wilson, H E C ) xxxi 
Potassium, determmation m serum by flame photometer 
(Klyne, W ) xxv 

Potassium p ethylphenylsulphate, preparation (Grant, J K.) 

623 

Potato, growmg, amylose and amylopectm m (HalsaU, T G , 
Hirst, E L , Jones, J K. N A Sansome, F W ) 70 
Potato, stem end bla^eUmg pigment m (Wager, H G ) 318 
Potato amylose see Amylose, potato 
Potato starch see Starch, potato 

Potential difference across gastric mucosa, effect of eleotno 
current (Crane, E E , Davies, REA Longmuir, N M ) 
336 
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Potential difference acrosa gastno mucosa, effect of HCl 
secretion (Crane, E E , Davies, R E Longmmr, N M ) 
321 

Pover, electric, produced by frog gastno mucosa (Crane, 
E E , Danes, B E iu Longmmr, N M ) 321 
Precipitm reactions of phosphorylated serum proteins 
(Boursnell, J C , Dewey, H JI WormaU, A ) 84 
oRoPregnan 3(^) ol 20 one sulphate, isolation from mare’s 
pregnancy urme (Paterson, J Y F A Klyne, W ) 614 
ulloPregn 16 cn 3(^) ol 20 one sulphate, isolation from 
mare a pregnancy urme (Klyne, W , Schachter, B & 
Maman, G F ) 231 
Pressure, osmotic see Osmotic pressure 
Prolme, effect on cell growth (Fischer, A ) 491 
Propiomo acid, hehanour on buffered partition columns 
(Moyle, V , Baldwm, E i, Scansbnek, B ) 308 
n Propylthiol, m omon (Challenger, F A Greenwood, D ) 

IX 

Prostatio phosphatase see Phosphatase, prostatic 
Prosthetic group of bacterial catalase (Herbert, D A 
Pmsent, J ) 193 

Protease, tobacco leaf, effect of fertilizers (Holden, M A 
Tracey, M V ) 147 

Protease, tobacco leaf, effect of nms infection (Holden, M 
& Tracey, M V ^ 161 

Proteases, pancreatic, action of thiols (Peters, B A. & 
Wakelm, B W ) 46 

Protem, Bence-Jones, ahsence of methlonme from (Dent, 
C E A Rose, G A.) hv 

Protem, effect on soil aggregation (Geoghegan, M J & 
Brian, R C ) 14 

Protem, effect on tumour growth m rats (Wed Malherbe, H 
& Schade, B ) 118 

Protein m apples, relation to asparagme content (Hulme, 
A-C) 343 

Protem m chondromucoid (Partridge, S M ) 387 
Protem, hver, effect of tumour (Wed Malherbe H A 
Schade, R ) 118 

Protein nuclear, ammo acids m (Davidson, J N A Lawne, 
R A ) XXIX 

§Protem, partition chromatography m study of (Sanger, 
F ) Hvii, (Dent, C E ) Hvui 
Protem, ’ P contammg, fate of mjeoted (Banks, T E 
BoursneU, J C , Dewey, H M , Francis, G E , Tnpper, R , 
A WormaJl, A ) 618 

Protem, phosphorylated, chemistry and immunology 
(Boursnell, J C , Dewey, H M. A WormaU, A.) 84 
Protem plasma, effect of protem deficient diet (Dicker, 
S E) 444 

Protein, plasma, estimation by apparent arginme content 
(Keyser, J W ) 488 

Protem, required by mosqmto larva (Golberg, L A De 
Medlon, B ) 379 

Protem, serum, effect of digests of, on tissue ceU growth 
(Fischer, A ) 491 

Protem, serum, estimation m fa min e oedema (Lloyd, B B , 
Smclair, PL M A Tweedie, M. C K,) xvui 
Protem serum see also Albumm, serum and Globulm, 
serum 

Proteinase, of rat skm (Nevflle-Jones, D A Peters, R A ) 
303 

Protens morgantt, mactivation of cozymase by (McHwam, 
H A Hughes, D E ) 60 

Prothrombm A (Qmck), identity of (Owren, P A ) 136 
Photocateohuic acid, conjugated, in urme after p hydroxy 
benzylamme (Hartles B L A Wilhams, R T ) 296 
Protocatechuic acid, from hgnms (Bondi A A Meyer, H 
248 

Protocatechuic acid, m arthropods (Hackman, R H 
Pryor, M G M A Todd, A. B ) 474 
Pteroj Iglutamic acid, deficiency of, mduced by sucemyl 
sulphathiazole (Kodicek, E A Carpenter, K J ) i 


pteroylglutamio acid, irradiation of (Carpenter, K J A 
Kodicek, E ) n 

Pyruvate, carbon dioxide fixation by (Stem, J B ) 616 

Pyruvate, enzymic decarboxylation (Krebs, H A A 
Roughton, F J W ) 660 

Qumidmo, m bark of Cinchona Ledgenana (Birch, H F A 
Doughty, LB) 38 

Quinme, absorption m chick (MarshaU, P B A Rogers, 
E W) 414 

Quinme, m bark of Cinchona Ledgenana (Burch, H F A 
Doughty, LB) 38 

Qnmme degradation product, absorption m chick (MarshaU, 
P B A Rogers, E W ) 414 

Quinme degradation product, determmation m blood 
(MarshaU,? B A Rogers, E W) 414 
J) Qumones, m Tnbciiim spp (Hackman, R H, Prjor, 
M G M A Todd, A R ) 474 

plabbit, ethereal sulphate synthesis m (Anderton, J I , 
Smith, J N A Williams, R T ) xxxv 
Rabbit, fate of acetotolmdides m (Bray, H G A Thorpe, 
W V) 211 

Babbit, fate of catechol m (Garton, G A A Wdhams, R T ) 
208 

Babbit, fate of o and m hydroxybenzoio acids and amides m 
(Bray, H Q , Byman, B E A Thorpe, W V ) 661 
Rabbit, fate of p hydroxybenzylamme and related com 
pounds m (Hartles, B L. A WiUiams, R T ) 296 
Babbit fiuorone metabolism (Neish, W J P ) 633 
Babbit, immunology of phosphorylated proteins m (Bours 
neU, J C , Dewey, H M A WormaU, A ) 84 
Babbit, bpids in bram (Johnson, A C , McNabb, A R A 
Rossiter, R J ) 673 

Babbit, hpids m penpheral nerve (Johnson, A C , McNabb, 
A R A Rossiter, R J ) 678 
Babbit, new protem m muscle see Tropomyosm 
Babbit, phosphatase m polymorphs of (Cram, DMA 
Roasito, R J ) xxi 

Babbit, porphyrm formation in (Muir, H M A Neuberger, 
A ) lx 

Radiation, polarized, hydrolysis of organic compounds by 
(Semmens, E S ) i 
Jtana esculenta see Frog 
Jtana temporaria see Frog 

Bat skm, proteolytic enzymes m (NeviUe Jones, D A 
Peters, R A ) 303 

Bats, absorption of 3 methylglucose m (CampbeU, P N A 
Davson, H ) 426 

Bats cancer of, and hver catalase (WeU Malherbe, H A 
Schade, R ) 118 

Bats, carbon dioxide fixation mtissues of (Stem, JR) 616 
Bats, carotene metabohsm (Glover, J , Qoodwm, TWA 
Morton, R A ) 612 

Bats, faecal hpoids after cholesterol (Cook, R P , Polgar, 
N A Thompson, R O ) ix 
Rats, fate of creatmme m (Maw, G A ) 142 

Bats, glucose uptake by isolated diaphragm (Ottaway, 
J H A Suuth, R H ) xl 

Rats, glutamic acid synthesis m tissues of (Krebs, H A , 
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Obituary Notice 


ALn'^AKDER THOifAS 


Aluvftiidrir Thntniif! Camrrnn, Profw/irjr of Rio 
tlinnilHlry In lltn Unlvomlty of \fftnIto(m, nnrl an 
orlf/lnal rnnmlinr of (ho B(or'h''m!oal fiooirty, lin^d 
(i(, IiIh rMhlonro fn Wlnnipoff on 25 Peptombor 
1047, 

Horn In T^milnn In of Roo(:tiflIi pnrontago, 
ho rfivilvofl lilo niirly odurntlnn in fiwindon, pro- 
f f ofKnff thonro to tiio IJnfvoralty of Rflfnlinrgli from 
tvliloh (lo gnniimfofl M A In 1004 and R Bo In 1000 
'do (ho InUor yonr ho v/no nwftrdorl an 1051 Exhibi 
jflon Boholarshlp, nnfl, IiIh Intorfats lying in tho (lold 
/jf phyfilfial fihnmifltry, for tho noyfc two yonrs 
^ tio Hliidlod radlooliomlhlry at Unlvorolty Collogo, 

i ,nnrlnn, iindnr flir William Ramsay, follow ofl by a 
rofir al/ tho'J'oohnloal Iflgh Boliool, ICnrlsruho, undor 
i'rll/ 7 labor In 11(0(1 ho v'oh appointed l^'otiirer m 
'hyolology In tho TJnlvoraKy of Manitoba, an ovent 
Wiloli provod to Ikj dm (iiming point in hw earner 
With (hlfl appoint rnoni his attention wa« divorteeJ 
1- (0 (ho III dfiflnnfl flnhl of phyaiologieal elmmwtry m 
whinh ho fipondily found prohlomn with wbieli Iiw 
(raining aiul orporloneo In tho methods of phjsleal 
eilifiriilHtiy onalijofl him to nopo siieeeflsfnlly TImro, 
too, iiiiilor tho dynamlo Infhinnro of Bwale Vmeont, 
ho was Inlrodiiemrl to tho stiirly of ulint wore then 
Imown as tho 'dnetless glands', and eornmoneing 
wl( h an Invesligadon of tho distnhiitlon of lodino in 
plant anil animal tlssiios, lio laid tlm foundations eif 
Ills ropiilallon as an oniloerinologist 

ICm opt for a siiinmor somostor spent In research 
iindoi AIhronht ffossol at tho University of Hoidel 
berg, and tlireo yoars during tho first Worlel War 
wlion, as Captain, R A M,C„ ho aeteel as ehomist 
ndloor fni water piirlfination with tho Rntisli Expo 
M\(l(inary t’orio in Franco, his siibsoe(nont caroor 
Mvilrt in( iinatoly United \»i(h tho Univorsitj of Mani 
(iil^i Wl'ho growing Imporlanto of physiological 
ehebnslry innvitablv let! to a separation from the 
palnat department of physiology, and (his Mas 
^reeppii/iHl by (ho instilndon in 1(121 of a separate) 
Ohau, of ninnhnmis(ry in the Facility of Afodieino, 

' antbllifi appointment of Camerem ns Professor 
Aiflndefatigableandjiainstaldiigw orltnr, Cameron 
was JoiUior or joint aiidior of over 100 publisheel 
papers Ills first pajieir, published -while still a 
slndljid at ICdinburgh, appeared in tho Procrerlwgt 
<if yfnyltoiidl Stmelii of PiUnhnrgh in 1005 It dealt 
^ wilhVhe eryslalli/jidon of potassium hydrogen sue 
' ( inat^Oi'^and was followed liy a senes dealing with 
mdiaiii IDld, 41 


rjAMT:ROi>r, is82-l 


phyTSicochemical coni^pfir' molwl^ig tlM eAci^ of 
heat anel eold on coW\ld^sd amirjbls ^smnbli- 


catioas dealing -with tlr 
vdiich bo was awarrjeel t' 
University of Erlinburgh 
runners of a long sones on th 
thyroxine feeding on the growt 


of) 



(for 
hy the 
'<3 fore- 
•oid and 
and organ 


bypertreiphy of tho white rat Another senes of 
papers dealt with tho biochemistry of caleium, hypo- 
parathyroidism, and tetany, while other puhhea- 
tions inelnded tho results of studies on creatine and 


ereatinuna, permcious anaemia, the production of 
tor carcinoma in mice, otc The last of the long list 
was a monograph, the linal proofs of which /(ere 
submitted for his approval just pnor to liis death 
It was entitled T/m TaMc Sense and the Belative 
Sueetnejis of Sugars and other Sweet Substance, and 
ombodiod the results of some three years of expen- 
inental work in that little known field 

He was, howovi^ best knowm for his text books 
Hover a very fiuefU lecturer, he recognized his limi- 
tations m that respect, and carefully prepared his 
Joe turns in biochomistrj by writing them out m full 
Since at that time there was no concise and authon- 
tative text on Biochemistry, on the urgmg of Ins 
students and frienrls he submitted tho mnnuscnpts 
to A well known firm of publisherB Tims was bora 
Cameron’s Texlhnoh of Biochemistry, tho success of 
which IS homo out bj tho fact that since its mitial 
appearance in 1028 it has gone through six editions, 
ns well ns a Ciiinese and two Spanish editions It 
was followed two jears later by Practical Bio- 
chemistry (Cameron A IVhito), now m its fifth 
edition In 1033 two more boolcs appeared, tho 
result of his outstanding ability to present m clear 
and concise form a comprehensiv e and critical appre- 
oiation of n subject These were Biochemistry of 
Afedicinc (Cameron A Gihnour) and Bcccnt Ad- 
iwicrs in Endocrinology, of which tho latter is no-w 
in Its sixth eflition and has been translated mto 
Italian and Roumanian 

Fullj occupied though ho was -wsth his teaclung, 
writing, and research work, Cameron still had time 
for the public rhitics which foil to lura as Chairman 
of tho Fishonos Research Board of Canada, a posi- 
tion lie hold witli conspicuous success for thirteen 
vonrs In this cnpacitj lie was chosen ns one of tho 
Canadian delegates to tho Empire Scientific Con 
gross hold in London and Oxford in tho summer of 
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OBITUARY NOTICE 


1946 While attending these meetings he received 
official notification that Ins semces had been 
recogmzed by the award of the C ]\I G 

Cameron was a Fellow of the Royal Society of 
Canada, a Fellow of the Royal Institute of Chemistr j , 
a Past President of the Canadian Institute of 
Chemistry (noiv the Cliemical Institute of Canada), 
and amember of various chetmcal, biochemical, and 
medical societies One of Ins life long interests u as 
the Scientific Club of Winmpeg, of which ho was one 


1948 

of the earlj' members, for twel\ 0 years its Secretary, 
and to whose Scientific Proceedmgshe made 40 con 
tributions 

Although of a ^ery resen ed nature, Cameron 
made friends m all parts of the Dommion, and thej , 
together- with many others to whom he was onli 
Icnown b'v name, mourn the passmg of a scientist 
and scholar 

F D WHITE 
J B COLLTP 


A Note on the Estimation of Vitamin in Urine 

By E H MAWSON akd S Y THOMPSON 
National Institute for Research in Dairying, Vniiersity of Reading 

(Recetted 6 October 1947) 


The accurate measurement of the vitamm Bj content 
of urme by the thiochrome method is made difficult 
by the mterference of non specific fiuorescent sub 
stances Adsorption on the zeohte Decalso (The 
Permutit Co Ltd ) as descnbed by Hennessy & 
Cereoedo (1939) removes some of these, but not 
mcotmamide methoohloride winch occurs m the 
urme of man and some other animals mcludmg the 
rat Treatment with alkali, femcyanide and iso 
butanol m the thiochrome procediue converts mco 
tmamide methochloride to a wolet fluorescmg com- 
pound (F3) (Coulson, 1944), which is mdistmguish 
able fluorimetncaUy from thioclirome Yfiien fem- 
cyamde is omitted, another substance (Fj) with a 
blmsh white fiuorescence is formed from mcotm- 
amide methochloride (Najjar & Holt, 1941) Tins 
makes the so-called ‘NaOH blank’ unsatisfactorj 
Several ways of overcommg tins difficulty have been 
proposed (Mason & Wilhams, 1942 , Najjar & Ketron, 
1944, Coulson, 1944, Miokelsen, Condrff & Keys, 
1946), but for reasons winch will be gi'ven sub 
sequently we beheve that none of thenl is entirely 
satisfactory / 

Durmg work on the effect of sulphonamides on the 
excretion of vita min Bj^ by rats, we developed a pro 
cedure for avoidmg mterference by mcotmamide 
methochloride which, m our opmion, is an improi 0- 
ment on those at present m use It depends on the 
fact that the blue fluorescence of thiochrome dis 
appears on addition of acid to the wobutanol extract, 
whereas the fluorescence of is unaffected By 
measurmg the fluorescence before and after the 
addition of acid, a measure of the fluorescence due 
to thiochrome is obtained 


METHOD 

A sample of unno (2-20 ml ), containmg if possible 2-3 pg 
vitamin Bj, is adjusted to pH 4 5 mth glacial acetic acid, 
and dduted to 60 ml with glass distilled water One 26 ml 
portion 18 poured on to n Decalso column 6 cm long and 
0 C cm m diameter, 1 3 jig vitamm is added to the 
other 26 ml portion which Is poured on to another column 
The shape and size of the adsorption tube and the activation 
of the zeohte are as described by Hennessy (1941) The 
columns are washed three times with 10 ml water, and the 
vitamm Bj is then eluted with successive portions of 3, 3 and 
6 ml 26% (w/v) KClm 0 lx HCl The volume of the eluate 
IB adjusted to 11 0 ml 

For Qxidation to thiochrome, 40 % NaOH (1 ml ) freshly 
prepared 1 % K3Fe(CN), (0 1 mL) and redistilled tsobutanol 
(16 ml ) are added to a 6 ml portion of the eluate m a glass 
stoppered 2 oz bottle The contents of the bottle are well 
mixed after each addition and allowed to stand for 1 hr If 
measurement of the fluorescence of F, is desired, a second 
bottle may be prejmred m the same way except that fern 
cyamde is omitted, but this is not part of our roiitme 
procedure Otherwise, the second 6 ml portion of the 
eluate may be used for a duphoate determination of 
vitamm Bj 

Measurement of the fluorescence m a Cohen type instni 
ment (Henry, Houston, Kon A Osborne, 1939) is made with 
a 10 ml portion of the wobutanol layer Whde this is stdl 
m the test tube of the fluonmeter, seven drops of a mixture 
of three parts methanol and four parts x HCl are added, 
the contents mixed, and the fluorescence measured agam 
The difference between the two readmgs is a measure of the 
fluorescence of thiochrome This procedure makes the 
‘NaOH blank’ unnecessary for the measurement of vitamm 
Bj, but useful us an mdication of the amount of nicotm 
amide methochloride present 
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It should be mentioned that this technique cannot he 
used with extracts containing methanol, which markedly 
mcreases the solubility of alkah m the isobutanol phase, as 
addition of sufficient HCl to neutralize thiS alkah leads to 
turbidity 

HESULTS 

The resulte of an experiment, m ■which pure sub 
stances were used (Table 1), show that the fluores 
cence of thiochrome, as observed nsuaUy and as 
measured fluorunetncaUy, disappears after treat- 
ment -with acid whereas that of does not Tlie 
galvanometer deflexion due to tluochrome, obtamed 
by difference, is almost the same for ntamm 
alone as m the presence of mcotmamide metho 
chloride Use of the ‘NaOH blank’ (Fj) would give 
a negative result for vitamm m the presence of 
mcotmamide methoohloride In our fluonmeter the 
fluorescence of appears greenish instead of bluish 

white 


Typical results obtamed'withnormalhumanurme, 
_ and -with unne of normal and -vitamm Bj deficient 
rats, are given m Table 2 Two assumptions are un- 
avoidable m the apphoation of our method, as bf 
many other methods for the estimation of -vitatmn Bi 
m urme One is that lutarmn Bj^ is adsorbed and 
©luted to the same extent firom the zeohte columns, 
through which the unkpo'wn -with and wnthout added 
ntamm Bj had been passed, the other is that thio- 
ohrome is extracted to the same degree firom eluates 
■with and -without added -vitarmn Bj On the other 
hand, the measurement of the blank -with the same 
webutanol extract used for fneasurement of the un 
known ob-viates two other possible sources of error 
(a) that due to differences m the extent to which 
mcotmamide methochlonde is adsorbed on, and 
eluted from, different zeohte columns, and (6) that 
due to differences m the extent to which Fj and other 
fluorescent substances (not tluoclirome) are ex 


Table 1 The effect of B[C1 treatment on the fluorescence of thxochrome and of F^ 

Substance and quantity taken for zeohte adsorption 


Vitamm Bj (2 67 pg ) 



Galvano 

meter 

Colour of 

Treatment 

deflexion* 

fluorescence 

(1) NaOH, then no 
butanol e-xtraotion 

24 

Not -visible 

(2) NaOH femoyanide, 
then tsobutanol ex 
traction 

CO 

cc 

Blue 

(3) iJoBiitanol extract 
(2) treated with 
HCl 

35 

Not visible 

Deflexion due to thio 
chrome ((2) -(3)) 

103 

— 


Vitamm Bj (2 67 pg ) +mcotm 
Nicotmamide methochlonde amide methochlonde 


(260 pg) 


(250 Jig ) 

A 

^ Galvano 
meter 
deflexion* 

228 

Colonr of 
fluorescence 

Greenish 

Galvano 

meter 

deflexion* 

218 

\ 

Colour of 
fluorescence 

Greenish 

102 

Violet 

207 

Blmsh -violet 

103 

Violet 

102 

Violet 

-1 



105 




o 

Lmear scale 


Table 2 The determination of mtamin in rat and human unne by the thiochrome method 

involving the use of HCl 

(Values are given as galvanometer deflexions, hnear scale ) 

Rat urme 


Normal diet 



Without 

With 

/ _ 

added 

1 3 pg added 

Treatment 

vitamm Bj* 

' -vitamm B,* 

(1) NaOH, then uobutanol 
extraction 

142 

140 

(2) NaOH and femeyamde, 
then irobutanol extraction 

230 

300 

(3) (joButanol extract (2) 
treated -with HCl 

68 

50 

Deflexion due to thiochrome 
((2) -(3)) 

178 

244 

Cakulatcd vitamin Bj content 
of unne 

27 

pg/ml 


Vitamm B, 

deficient diet 

A 

Human nrme 

_ _ A 

Without 
added 
vitamm B^t 
320 ' 

With 

1 3 pg added 
■vitamm Bjt 
300 

Without 
added 
vitamm BjJ 

304 

With 

1 3 pg added 
■vitamm BJ 

374 

79 

CO 

to 

101 

233 

SO 

89 

70 

77 

-1 

09 

85 

150 


0-0 pg /ml 0 10 pg /mb 


J 10 ml nrme taken. 


* 1 ml unne taken 


t 4 mb urme taken. 
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Table S Vrtnary excretion of mtamin hy rats vnth different intaLes of vitamin 

Urumry excretion (fig /rat/day) 


Treatment 

Diet deficient in vitamm 

Diet deficient m Titamin +29 fig vitamm Bj daily 
Diet deficient m vitarmn B^ +40 fig vitamm Bi daily 


No of 
observations 

7 

11 

3 


Range 

0-0 

01-0 6 
13-30 


Table 4 A. comparison of the determination of vitamin B^ in pure solutions in the presence and absence 
of nicotinamide methochlonde by the method of Mtckelsen et al (1046) and by our method 

(Values are given as galvanometer defleiions, Imear scale ) 

Substance and quantity taken for zeolite adsorption 


Treatment 

(1) NaOH, then tsobntanol extraction at 
pH 12 

(lo) NaOH, then isobutanol extraction at 
pH 8-9 6 

(2) NaOH and femcyamde, then iso 
butanol extraction at pH 12 

(2 a) NaOH and femcyamde, then tso 
butanol extra etion at pH ^9 6 


(3) tsoButanol extract (2) treated mth HG 
Deflexion attributed to vitamm Bj 
Method of Jlickelsen d a? ((2o)-(la)) 
Our method ((2) - (3)) 



Nicotmamide 

Nicotmamide metho 

Vitamm Bj 

methochlonde 

chlonde (250 fig ) + vita 

(1 3 fig ) 

(260 fig) 

mm Bi (1 3 fig ) 

34 

270 

293 

40 

37 

39 

98 

103 

180 

97 

108 

176 ' 

37 

103 

116 ' 

57 

71 

136 

61 

0 

64 


Table 6 A comparison of measurement of vitamin B^ in rat and human urine, 
by the method of Mtckelsen et al (1946) and by our method 

(Values given as galvanometer deflexions, Imear scale ) 


Treatment 

(1) NaOH,' then tsobntanol extraction at pH 12 

(1 a) NaOH, then tsobntanol extraction at pH 8 0-9 5 

(2) NaOH and femcyamde, then tsobntanol ex- 
traction at pH 12 

(2o) NaOH and femcyamde, then tsobntanol ex- 
traction at pH 8 0-9 5 

(3) tsoButanol extract (2) treated ivith HG 
Method of Mickelsen et al ((2o)-(la)) 

Deflexion attributed to vitamm 
Calculated vitamm Bj content of unne 
Our method ((2) - (3)) 

Deflexion attributed to vitamm Bj 
Calculated vitamm Bj content of urme 


Unne* of rats on vit amin Bj 
deficient diet 


Normal human wrmef 


Without 

With added 

added 

vitamm Bj 

vitamm Bj 

(13fig) 

400 

400 

39 

40 

148 

225 

148 

226 

148 

160 

109 

185 

0 46 fig /ml 

0 

76 

0 0 fig /ml 


Without 

With added 

added 

vitamm Bj 

vitamm Bj 

(26fig) 

142 

150 

27 

28 

68 

168 

63 

147 

47 

60 

36 

119 

0 11 fig /ml 

21 

108 

0 06 fig /ml 


* 4 mL urme taken 


10 ml unne taken 


tracted by wobutanol in separate samples of the 
extract We have firequently observed that the blank 
obtamed for urme with added vitamm Bj is shghtly 
higher than that for urme alone, which may be due 
to a greater elution of mcotmaimde methochlonde 
from the zeohte column m the presence of additional 
vitamm 


Results similar to those m Table 2 have been 
obtamed with human urme on many occasions, but 
our experience has been prrmanly with rat urme 
Typical results (Table 3) show that the excretion of 
vitamm Bj by rata, as determmed by our method, 
IS closely related to the vitamm Bj content of the 
diet 
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DISCUSSION 

Wo bclio\ 0 that oiir procotluro is nn impro\ oniont on 
those of other workers for tho following reasons \\ o 
are in agreement ivith Nnjjnr iV Kotron (1944) that 
mcotinamulo mothochlorido is pnrlh deslro\C(l bj 
sodium sulphite and that tho procedure suggestcil 
bj Mason Williams (1942) gi\es too high results 
Najjar & Ketron (1944) and Coulson (1944) allow 
for tho intorforcnco of nicotinamide mothoclilorido 
bj assuming that tho gnl\*nnomctcr deflexion duo 
to Nj in tho NaOH blank boars a fixed relation to 
that duo to Fj in tho unknown No such assumption 
13 necessary in our method as wo are able to inemiuro 
Nj directly 

In tho method of '\Iickolscn ct at (191 'll tho 
isobutanol extraction is earned out at a pH S 0-9 5, 
at wluch jF. in tho NaOH blank docs not fluoresce, 
but tho fluorescence of thiochromo m tho unlaiown 
18 unimpaired Table 4 confinns this but shows that 
this treatment does not affect Nj, so that m tho 
presence of nicotmamido mofliochlondo both lino 


cliromo and J'j contribiito to tho fluorosconco 
Table 5 shows that for this reason tho method of 
Mickclscn ct al (1915) gives too high results when 
ajiplicnl to rat and human iinno, o g tho urino of 
\itamin Bj dcficiont rats was found by this method 
to contain 0 45 /ig Mtainin Bj/lOOml, wlioroas 
none was found In our method For tho sample of 
Iiuinan unno flio discropancj was less since loss 
iiicolinanudo was present 

Sir\niARY 

A modification of tho thiochromo mothod for tho 
fluonmotno detonnination of vifamin Bj in unno 
in tho prcsonco of nicotmamido mothochlorido is 
dcscribwl Since treatment of tho i lobutanol extract 
with UCl removes tho thiochromo fluorosconco, tho 
differonco liotwcen readings taken before and after 
Jhis treatment is a measure of t lio v if amin Bj content 
of tho urine 

e vo'li to tlmnlc Dr A C Bottomlej for preptinag tlio 
nicotinnmido nicflioclilonile 
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Aggregate Formation in Soil 

1 INFLUENCE OF SOME BACTERIAL POLYSACCHARIDES 
ON THE BINDING OF SOIL PARTICLES 


By M J GEOGHEGAN akd R C BRIAN 

Department of Microbiology, Imperial Chemical Indnelrica Ltd , Jcalotl's Hill Research Station, Berks 

{Received 10 October 1947) 


F or maximum crop production it is essential that the 
sod should have a good crumb structure and that tho 
crumbs should be stable and resistant to the dis 
persmg effects of ram, frost, etc Aggregate forma 
tion facihtates cultivation, dramago and aeration, 
mcreases the moisture holdmg capacity of sod and 
reduces erosion It also mam tains sufficient cohesion 
m the sod to give anchorage to plants, and yet suffl- 
oient mcoherence to facilitate root penetration and 
emergence of seedlmgs Latge additions of orgamc 
matter and the growth of grassland vegetation are 


credited with having nn amohorativo effect on tho 
physical state of tho sod, but there is considerable 
diversity of opimon as to the exact processes m- 
volved m the formation of water stable aggregates 
Stable structure formation under natural con- 
ditions IS possibly a gradual process influenced by 
many factors It is reasonable to expect that 
physical, chemical and biological agencies are m ^ 
volved The biological agencies mclude plants, 
animals and rmcro organisms, and of these the 
micro organisms are of great importance m pro- 
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ducmg cementing or stabibzmg substances, and 
filamentous forms like fungi, actmomyces and some 
algae may have a mechamcal bindmg effect 

Geoghegan & Brian (IGIG) reported that bacterial 
polysaccharides of the levan and devtran tjipes have 
a marked aggregatmg effect on sod particles Levans 
m -wluch fructofuranose umts are jomed by 2 6 
linkages are formed by a -wide variety of aerobic 
organisms mcludmg plant pathogens Devtrans, 
polyglucosM m -which the umts are jomed by 1 6 
glucosidic linkages, are formed by various species of 
Leucorwstoc bacteria and possibly other organisms 
As a prehmmary to finding ho-w these bacterial 
products aggregate sod particles, exceptionally pure 
samples of levans and dextrans have been prepared 
and examined m sonie detad 

' EXPERIMENTAL 


of Sovag (1034) and the purified levans -were precipitated 
with ethanol, dned, and ground to fine powders. 

Production of dextrans The media were inoculated ivith 
5 ml of 4 day old sucrose broth cultures of the organisms 
and, except m the case of the product from Leuconosloc 
dextrameum, the method of isolation and punfication of the 
dextrans was the same as for levans The dextran produced 
bj L dextrameum was insoluble m water after ethanoho 
precipitation, hence m the isolation of this polysacchande 
the first precipitation ivith ethanol was omitted 

Hydrolysis of levans The purified levans were dissolved m 
excess 0 1 N HjSO^ and heated under reflux forfiO mm The 
hydrolysates were cooled to 60° and neutralized -with sohd 
BaCOj, rapidly cooled and the BaSO^ removed by centn 
frigation The clear solutions were then made up to the 
required volumes 

Hydrolysis of dextrans The method of hydrolysis in this 
case was identical with that used for le\an, except that 
2x HjSO^ was used and heatmg was contmned for 3 hr 


Bacterial strains used An organism, isolated from garden 
soil and identified as a stram of Bacillus subtilis, nas used 
for levan synthesis Cultures of Leuconosloc dextrameum 
(N C T C Cat no 3354) and Leuconosloc mesenteroides 
(N C T C Cat no 3361) were obtained from the National 
CoUeotion of Type Cultures and used for dextran pro 
duction 

Media used Media having the foUowmg composition 
' were employed 


A 


B 


KH,P0< 16g K-HPO, lOg 

NaNOj 2 0 g Na(NH 4 )HPOi 4HjO 4 9 g 

MgSOi 7H,0 0 5 g MgSOt IRfi 0 5 g 

m ■03g KOI 06g 

DistiUed water 1000 ml FeSOi 7HjO 0 01 g 

Bactopeptone 2 0 g 

Distilled water 1000 ml 


Sucrose was added to (A) m amounts sufficient to give 2, 4, 
6, 8 and 10% (w/v) concentrations of sucrose m the final 
medium and to (B) to give 2 and 10% (w/v) The media 
were adjusted to pH 7 0, dispensed m htre quantities m 
1600 mL Erlenmeyer flasks and sterilized by autoclavmg 
under 16 lb /sq in. pressure for 16 mm To avoid pre 
cipitation it was necessary to stenhze the MgSO* 7HiO 
separately, and after coolmg to add it to the rest of the 
cooled medium employmg aseptio techmque 
Production of levans The media were mooulated -with the 
washmgs of 48 hr old agar slant onltures of the organism, 
and after 8-10 days’ mcubation at 27° large amounts of 
polysaccharides were formed. The gross impurities were 
removed by filtering the solutions through no 1 Whatman 
filter paper and the hqmds were concentrated tn vacuo 
FoUowmg centrifugation and dialysis, sufficient ethanol was 
added to give 70% (v/v) m the final solutions, and the 
precipitated polysaccharides were obtamed as white pro 
ducts These crude materials, resuspended m water, formed 
•nscous opalescent solutions, which contamed large amounts 
of bacterial cells and ‘ceU debris’ In case nuoleoprotems 
were present the solutions were adjusted to pH 4 0 and 
centnfuged The precipitate was discarded and the super 
natant fimd dialvzed untd it had a pH of 7 0 FmaUy, 
proteins and bacterial cells were removed by the method 


Estimations 

(1) Total reducing sugars Accordmg to the Shaffer- 
Somogyi method (Hemze L Mumeek, 1940) 

(2) Fructose By the ‘femoyamde method’ of Becker & 
Enghs (1941) Methyl red was used ns mdicntor instead of 
sodium diphenylammesnlphonate 

(3) Total N By the micro Kjeldahl method (Pregl, 
1930) 

(4) Aggregating effect A soil, the structure of which in 

terms of water stable crumbs is extremely poor, was air 
dried and ground to pass through a 62 mesh B S S sieve 
The polysacohnndes, in coUoidal suspension, were npphed 
so that different samples of sod contained from 0 05 to 
0 75 % polysacchande Sufficient moisture was used to 
bnng the soil to the ‘ sticky pomt’ In this state it was well 
stirred with a glass rod, placed on a 3 mm sieve and pressed 
through it ^ 

The aggregates were dned at 60° and their stabdity was 
tested by the foUowmg techmque 25 g of aggregates were 
placed m 600 ml of water mall cyhnder The cyhnder , 
was inverted once and then aUowed to stand for 30 mm 
After this the cyhnder was mverted 30 times, the operation 
takmg about 1 min The contents were then poured on to 
a 62 mesh B S S sieve (8 m diameter) standmg m a shallow 
bowl Extra -water was added to bnng the level above that 
of the sod on the sieve The sieve was then moi ed up and 
down 30 times, the water allowed to dram out each time, 
the sieve was gently tdted each tune The sieve was then 
removed, the contents washed mto a basm and the whole 
evaporated to dryness (105°) The weight of -water stable 
aggregates is e-rpressed as a percentage of the air dned sod 
The control samples (moistened -with water, granulated and 
dned) were completely unstable when they were wet-sieved 
Apparently, wettmg and drying or pressmg of moist sod 
through a sieve, per se, is unable to produce water stable 
aggregates 

The advantages of the above method are that there is 
very good agreement between repheates, results are repro 
ducible and small differences m the aggregatmg abdities of 
the polysacchandes are easdy measured. 

Viscosity measurements To avoid termmological con 
fusion, so common m this field, we adopted throughout the 
symbols and nomenclature proposed by Gragg (1946) 
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The nicn'*nrcniont of Msco'^itics of Itvnn ontl dtxtmn 
solutions invohcd the dotomuntition of the mto of itow of 
the solutions in nn Ostwald sucometer All solutions won 
thotoughlj ccnlnfuged liefotc being run into tho ' iseointter 
The flov. time and dcnaitj (pi hnometor methwl) of leinn 
and dextran solutions, x an ing in concentration from 1 1 to 
0 125% (w/\), and ucaher dilutions uhtre necessary , were 
detcmimcd at 20i0 1°, and from the data the rtlativo 

MSCOSltj (ijr) 

If dj = densitr of soil ent , 

rf_=:densit\ of polj sacchnndc solution 
ti=lloie time bf soli ent, 

(j=flow time of poli-Eacchande solution 


then ■i)r=-^='” when the sohent is iiatcr, and the 


li^i It 
specific snscositi (»),r)=ijr-*l 

Hence tho reduced nseositi (i;„lc) maj lie calculated, 
and if this is plotted against tlic corresponding concen 
trntion c (in pnmnrj moles) tho intnneic ri8co»iti 


IS obtained 


hm 

c-vO 1 c ) 


RESULTS 

BaciUuB aiihtilis u ns cultured in ft nuinbor of different 
media in which tho sucrose concen trntion nnd source 
of nitrogen wore \ nricd, nnd in o% crx cose there wns 
marked opalescence nnd nn incrooso m Mscositj 
associated 111111 tlio formation of n poh sncchnrido 
■uluch was a lot an (97-08% fructose after lijdro 
Ij’Bis) The let nn from caoh medium was thoroughh 
purified, nnd severnl samples of the products from 
2 and 10 % (t\ /\ ) sucrose media t\ ore prepared 
icMcoiiostocrfcrtraiiiciuiiwhonculturodmmedia \ 
and B containing 10% (u/t ) sucrose produced largo 
quantities of dextrnn (00-98% glucoso) tiliile L 
mesenterotdes, being appnrcntlj more fastidious m 
Its requirements, produced doxtran in medium B 
only After ethanoUo precipitation the doxtran from 
L dextrameum tv os msolublo in tvator, tv bile the 
product from L mesciiteroidcB gat o a colloidal sus 
pension sunilar to that of lovmns However, wJien 
the material was worked mto a paste nnd then 
diluted by adding more water a suspension tv ns 
obtamed which was fairly stable on standing, but 
precipitation occurred when it was centrifuged at 
a low speed 


of 2 dolormmalionh) =±171 Foi* aggregations less 
than 10% or greater than 80%, 8 E falls towards 
7oro 



Tig 1 Elfcct of incrcnemg quantities of V anous lev ans on 
aggregation of soil particles (Levans produced by J} 
iuhltlis when cultured in medium A containing from 2 to 
10% sucrose ) 


Lovan 

preparation 

147, 152, 120 

141 

136 

135 

131, J07 


Culturo 

medium 

•A + 2 % (w/v) sneroso 
A + 4% (w/v) sucrose 
A + 0 % (vv/v) sucrose 
A + 8 % (w/v) sucrose 
A + 10 % (w/v) sucrose 


Aggregalton of sotl particles 
The ftbihty of each product to form w ater stable 
soil crumbs was estimated Results are presented in 
Figs 1,2 and 3 The amounts of the different levans 
and dextrans applied to soil are expressed as a per 
centage of the air dried soil and the plotted values of 
percentage aggregation are tho means of dupheate 
results, except m the case of levans 107 and F7 
where only smgle estimations were made For sub 
stances giving an average aggregation of 10-80%, 
8 E (smgle detennmation) =+2 46, and s e (mean 


Up to 0 26%, the aggregating effect bears an 
approximately hnear relationship to the nmoimt of 
levon or dextran added Consequently, 0 26 % 
appears to bo the most suitable concentration at 
which to appraise the aggregatmg effect of the 
different products 

All the levans and dextrans hod a marked ameli 
orative effect on the physical condition of soil, but 
some levan products had a more pronounced effect 
tlian others Apparently the aggregating effect of 
the Jevan decreases with increase m sucrose content 
of the medium Also it appears that, when two or 
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more samples of levan are prepared from the same 
medium but from different lots of culture solution, 
their aggregatmg effects are not exactly ahke 


1948 

absorb a certam amount of levan, and, havmg ab 
sotbed this amount, the degree of aggregation pro- 
duced IS dependent on the activity of the substance 



Fig 2 Effect of increasing quantities of various levans on 
aggregation of soil particles (Levans produced by B 
STihUUs when cultured m medium B contauung 2 and 
10% sucrose ) 


Levan 

preparation 

130 A, 146 A 
MSI, FT, 161 


Culture 

medium 

B + 2 % (w/v) sucrose 
B + 10 % (w/v) sucrose 


Effect of applying large doses of levan to soil In the 
case of those levans which possess a relatively low 
aggregatmg effect, it was thought that the degree of 
aggregation might be mcreased by applymg larger 
quantities oflevan to the sod This was mvestigated 
(Table 1) by treatmg samples of soil with product 
131, untd the sod contamed 2 and 6% levan, and 
comparing the degree of aggregation produced with 
that obtamed when the sod contamed from 0 06 to 
0 76% levan All determinations were done m 
duphcate and mean residts are shown 

Apparently, further apphcation of levan beyond 
a certam pomt has very httle effect on aggregation 
of the sod particles, which suggests that sod can only 



Fig 3 Effect of mcreasmg quantities of various deitrans 
on aggregation of sod particles 


Dextran Synthesizing 
preparation organism 

148 Leuconostoc 

dexiranxcum 

149 Leuconostoc 

dextramcum 
164 Leuconostoc 

mesenteroides 


Culture 

medium 

B + 10 % (w/v) sucrose 
A + 10% (w/v) sucrose 
B + 10 % (w/v) sucrose 


Table 1 Effect of applymg levan to soil in 
large and small amounts 



Amount added 

- 

Levan 

to soil 

Aggregation 

(no) 

(%) 

(%) ' 

131 

60 

76 1 


20 

06 6 


0-76 

69 4 ^ 


0 60 

614 


026 

37 0 


0126 

13 6 


0-05 

33 


Control 

08 


Table 2 


PolysaccLande 

(no) 

147 


152 


129 

141 

136 

135 

107 

131 

USA 

130A 

MSI 

P7 

161 


EJfcci of medium and of percentage sucrose in the medium on the vUnnsic viscosUij 
and molecular ucight of Icvans produced bp B subtili? 


Medium in which 
polysacchando 
was produced 

A + 2% (w/v) sucrose 


A + 2% (w/v) sucrose 


A+2% (w/v) sucro'e 


A + 4% (w/v) sucrose 


A + 0% (w/v) snerose 


A + 8% (w/v) sucrose 


A+10% (w/v) sucrose 


A + 10% (w/v) sucrose 


B+2% (w/v) sucrose 


B + 2% (w/v) sucrose 


B + 10% (w/v) sucrose 

B + 10% (w/v) sucrose 

B + 10% (w/v) sucrose 


(A„=Gx10-*) 


Conecnlmtion 
c (m pnmara 
moles) 

0 093 
0-002 
0 031 
0 0155 
0-0093 


0 003 
0 002 
0 031 
0-0165 
0-0073 


0 093 
0 002 
0 031 
0 0155 
0-0093 


0-093 
0 002 
0-031 
00165 
0-0093 


0-093 
0-002 
0 031 
0 0204 


0-093 
0-002 
0 031 
0 0165 


0-083 
0 002 
0-031 


0-093 
0 002 
0 031 
0 0165 


0 093 
0 002 
0 031 
0-0165 
0 0093 


0-093 
' 0-002 
0-031 
0-0165 
0 0093 


0 093 
0 062 
0-031 
0 0166 


Flow 

time 

Density 

(sec ) 

d 

280 0 

1-007 

158 8 

1-005 

07 5 

1003 

79 0 

1 001 

74 2 

1 000 

(Water =00-0) 

109 0 

1-007 

117 3 

1 005 

80 5 

1-003 

76 8 

1 001 

70 9 

1000 

(Water = 00-0) 

1124 

1007 

82 4 

1 005 

01 0 

1 003 

54 3 

1-001 

61 5 

1 000 

(Watcr=48 6) 

131-0 

1-007 

99 8 

1-005 

80 0 

1 003 

73 4 

I 001 

70-2 

1 000 

(Water =00-0) 

71 1 

1-007 

02 2 

1005 

647 

1-003 

62 4 

1-002 

(Water =48 5) 

07 6 

1 007 

002 

1 005 

63 9 

1-003 

613 

1-001 

(Water=48 5) 

60 4 

1-000 

60 1 

1-005 

45 0 

1003 

(Watcr=41 5) 


640 

1007 

08 0 

1 005 

63 0 

1 003 

60 8 

1 001 

(Water =48 5) 

134 6 

1007 

90 1 

1005 

043 

1-003 

65 1 

1 001 

62 8 

1 000 

(Water =48 5) 

1016 

1 007 

70 8 

1-005 

61 1 

1-003 

642 

1001 

62 1 

1 000 

(Water— 48 5) 

76 8 

1007 

656 

1 006 

66 9 

1-003 

62-0 

1001 

(U^ater=48 5) 


fUv 

c 

hlol wt 

30 2 
230 

15 5 

13 4 

13 4 

20,800 

17-0 

12 7 

10 13 
9-09 

9 48 

18,800 

14 30 

11 43 
900 

7 79 

8 38 

16,000 

10 73 
8-40 

7 20 

7 28 
COO 

14,000 

6 12 

4 70 
423 
400 

8,000 

4 31 
400 

3 71 
380 

7,200 

442 

344 

320 

0,400 

3 07 

3 46 

3 10 

3 10 

0,200 

19 3 

14 0 
10-05 

8 71 

940 

18 000 

11 80 
10-63 

8 48 

7 08 

7 96 

15,600 

6 39 

6 81 

600 

4 77 

9,400 


0-083 

0-002 

0-031 


65 6 ' 

55 8 
47 8 

(Water=41 5) 


1-000 

1005 

1003 


716 
6 00 
BOO 


9,000 


0 093 
0 062 
0 031 
0 0155 


1218 
97 2 
78 9 
72 2 

(Water =00 0) 


1-007 

1005 

1-003 

1001 


9 23 12^00 

7 74 

642 

613 
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Table 3 Ininnstc viscosity and molecular weight of the dexlran 
produced by Leueonostoc mesenteroides 

(j:^=6xio-‘) 



Medium m which 

Concentration 

Flow 



Dextran 

dextran was 

c (m primary 

time 

Density 

V$p 

(no) 

produced 

moles) 

(sec ) 

d 

c 

154 

B -f 10 % (w/v) sucrose 

0111 

185 0 

1009 

10 6 



0 056 

100 7 

1 004 

9 65 



0‘028 

81 1 

, 1 003 

8 29 



0 014 

72 6 

1 001 

7 14 



0 007 

09 2 

1 000 

700 




(Water = 00 0) 




Viscosity measurements 

Since the aggregating eCFects of levans from 
different media were not abke, it was thought that 
the abdity to stabilize soil crumbs might be related 
to some chemical or physical property of the 
polysaccharides This idea was supported by the 
observation that after fethanohe precipitation the 
products from ‘ 2 % (w/v) sucrose ’ media were tough 
and when stretched showed pronounced recod, 
while those from ‘10% (w/v) sucrose’ medium were 
viscous and capable of bemg drawn mt6 threads 
The cham length of the polymers, which influences 
their physical properties, was therefore mvestigated 
by viscosity measurements 

The mtnnsio viscosities of solutions of the vanous 
levans and the dextran produced by T mesenteroides 
were determmed, and the values correlated with the 
correspondmg aggregatmg effects TlTulst the value 

hm ( — ) yielded aU the information required, the 
c->-0\ ® / 

molecular weights were found from the Staudmger 


relationslup — = where K„ ib a constant 

c 

estimated to have the value 10~^ for cellulose m 
Schweitzer’s reagent (c=14% (w/v) (Staudmger, 
1933)) More recently the constant = 6 x 10"* has 
been used by Staudmger (1938) 

The constants for our levans and dextran were 
not determined and 6 X 10“* was selected The 
use of a constant which apphes to cellulose m 
Schweitzer’s reagent m calculatmg the molecular 
weights of levans and dextrans is admittedly an 
approximation but gives information on the order 
of the molecular weights The results are shown m 
Tables 2 and 3 

The intrmaic viscosities and hence the molecular 
weights of the levans decreased with moreasmg 
sucrose content of the medium In the case of ‘ 2 % 
sucrose ’ media the form of mtrogen supphed to the 
organism did not materially influence the mtrmsic 
viscosities of the products The mtnnsic viscosity of 
the dextran produced by L mesenteroides is similar 
to that of some levans 


There appears to be a relationship between the 

value of hm | — ) and the percentage aggregation 
c->-o \ c / 

From the values for mtnnsic viscosity and aggre 
gatmg effect of 13 levans and 1 dextran a correlation 
coefiBcient was calculated and found to be 0 809 This 


value mdicates a sigmficant correlation (odds 1 m 
1000 ) . 

A dot diagram, m which the value of hm | — ) is 

c->0 \ c / 

plotted against the degree of aggregation produced 
when soil contains 0 26 % of the various levans and 
dextrans, is given m Fig 4 No curve is fitted to the 



Intrinsic viscosity 


Fig 4 Relationship between the intnnsio viscosities and 
the aggregating effects of 13 levans and 1 dextran 

pomts on the diagram, this cannot be done satis- 
factorily until the shape of the curve as it approaches 
zero and 100 % aggregation can be forecast for sub- 
stances of lower and higher mtrmsio viscosities than 
those so far considered 

1 

Nitrogen content of levans and dextrans 

Solutions of bacterial polysaccharides are very 
viscous and separation of the metabohe products 
from bacterial cells is very difScult Levans and 
dextrans as usually prepared oontam a small amount 
of mtrogen (0 2—0 5 %) winch may be present as an 
impurity or as a constituent of the polysaccharide 
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molecule Stocey (1943) hns suggested that do'ctrans 
consist of polj glucose chains linked together by 
imits of the sjTithesizing onz^•mo -alnch remains ns 
an mtegralpart of the complex mucopoh saccharide 
In our earlier investigations ive foxmd that the lex an 
obtamed xvlion B aubtiUs vas cultured in ‘10% 
sucrose’ media eontamed 0 09% N, xxhorcas that 
from ‘2% sucrose’ mwlia contained 0 2 to 0 3% N, 
and since the product from the ‘ 10% sucrose’ media 
was not ns effectno nn aggregator of soil ns tlio 
product from 2 % sucrose ’ medium it appeared that 
the aggregating effect was related to the nitrogen 


creases with increase 111 sucrose content of medium A 
This increase in viold of levan is accompanied by 
a lowering of the nitrogen content of the ‘crudo 
lo\nn’, which suggests that the ratio of levan to 
bacterial colls m the culture solution is increased 
with increase in sucrose content of the medium 
Microscopical examination of levan solutions has 
shoivn that, oven after most careful purification, 
a small amount of bacterial cells remains It is 
reasonable to expect that the amount of bacterial 
colls that remains is influenced by the ratio of lev an 
to bacterial colls in the crude material 


Table 4 Nitrogen content, molecular u eight and aggregating effect of some leians and dextrous 



Medium in vliich 

Polj Bticchando 

polx wicclmndo 

(no) ^ 
hcvnn 

vns formed 

147 

A + 2')o ("/v) Bucroso 

152 

A + 2% (\v/\ ) BUeroBO 

129 

A -^2% (w/v) fiucroso 

130 4 

11 + 2% (v/x ) BucroBO 

14oA 

B+2% ("/r) Bucrose 

141 

A-x-4% (w/v) BUcroBO 

130 

A + 0% (w/\) aucroBo 

135 

Ab-8°'o (w/\) sucrose 

A + 10®'o (w/\ ) siicroso 

131 

107 

A + 10% (u/\) sucrose 

MSI 

B + 10% (w/x) Bucrose 

F7 

B + 10% (xx/\) sucrose 

161 

B + 10% (xv/x ) sucrose 

Rest ran 


14S 

B + 10% (w/v)’ 8 ucr 080 

149 

A + 10% (xv/v) sucrose 

154 

B + 10% (xv/v) Bucrosc 


content However, by improv mg the technique used 
for separating the polysaccharides from the bactenal 
cells, the mtrogen content of the products was 
lowered appreciably without degradmg the products 
and without lowermg the aggregatmg effects In 
Table 4 are shown the mtrogen content, molecular 
weight and aggregatmg effect of some of our most 
purified levans and dextrans 

It appears that the aggregating effects and the 
molecular weights of these products are not related 
to their mtrogen contents This is most evident m 
the case of levans from the same medium 

In the case of levans 141, 136, 136 and 131 there 
appears to be a dechne m molecular weight and 
aggregating effect as the mtrogen content of the 
products decreases, but these materials are from 
media contaimng different concentrations of sucrose, 
and it has been shown that the molecular weight and 
aggregating effect decrease with mcreasmg sucrose 
concentration of the medium "The dechne m nitrogen 
content, aocompanymg the decrease m molecular 
weight and aggregatmg effect, is possibly due to the 
fact that the yield of levan/1 of culture solution m 




Aggregating ctfect 

Ritrogen 


when soil received 

(%) 

Mol wt 

0 25 % polj saccharide 

012 

, 20,800 

90 9 

0 13 

18 800 

80 1 

0 05 

10,000- 

75 1 

018 

15,000 

60 0 

0 09 

18,000 

88 9 

0 09 

14 000 

80 9 

OOC 

8 000 

541 

0 03 

7,200 

62 9 

0 02 

0,200 

37 0 

0 10 

0,400 

20 5 

010 

9,400 

3-) 8 

0-09 

9,000 

41 4 

OOC 

12,200 

82 7 

0 22 

_ 

07 9 

000 

— 

701 

oil 

14,000 

09 7 


In another expormient lexans were isolated m 
crude form anfi samples of the crude material were 
purified to different degrees The mtrogen content 
and molecular weight of each product were deter 
nuned Results are recorded in Table 6 

Table 6 Nitrogen content and molecular weight of 


'crude' and 'purified' 
Nitrogen 

levans 

Levan 

content 

Molecular 

(no ) 

(%) 

weight 

161 Crude 

013 

12,200 

Purified 

0 06 

12,200 

139 Crude 

0 43 

6,200 

Purified 

Oil 

7,600 


Relatively large amounts of mtrogen were re 
moved without degradmg the substances, and it 
appears that there is no correlation between mole 
cular weight andmtrogen content of levans produced 
by B subltlis 

Table 6 shows the results of an experiment 
designed to test how the aggregatmg effect of a lex an 
was affected when its mtrogen content was lowered 
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Table 6 Rdatton between aggregating ejfect and 



nitrogen content of a levah 



Amonnt 
added to 
soil 
(%) 

0 76 

0 60 

026 

Aggregation (%) 



Levan 

(no) 

124 

f 

Sample 1, 
N=0 25% 

73 8 

09 8 

48 8 

Sample 2, 
N=0 09% 
83 3 

78 0 

00 8 


1948 

separate actions, and it is not necessary to degrade 
the levan to remove mtrogen ' 

^ Smce the mtrinsic viscosities, and hence the mole 
cular weights of levans and dextrans, were not 
afifeeted by removal of nitrogen, it is concluded 
that the mtrogen content of the polysaccharides 
exammed is due to the presence of bacterial cells, as 
impurities, m the substances 


As the mtrogen content decreased the aggregatmg 
effect mcreased, which shows that purification re- 
moved only extraneous matter and did not affect the 
abihty of the substance to form water stable sod 
crumbs 

It will be recalled that it has been suggested that 
polysaccharides owe certam of theu immimological 
properties to the presence m them of a mtrogenous 
constituent, e g Fitzgerald (1933) found from sero- 
logical studies that the antigemc activity of a poly- 
saccharide produced by Leuconoatoc meaenterotdea 


Stability of soil aggregates made with bacterial levan 

It IS well known that unstable sod^ aggregates 
dismtegrate when they £ire placed m water How- 
ever, when aggregates contaimng 0 5 % levan were 
submerged m water for 20 days it was observ ed that 
they were more or less unchanged They had absorbed 
a large amount of moisture but showed no sign of 
crumbhng 

The data m Table 7 show that the method of 
wetting aggregates contaimng levan does not 
materially influence their stability 


Table 7 Effect of maintaining aggregates in a moist condition for long and short 'periods before wet sieving 


Levan 

(no) 

161 


Amount added to sod (%) 

06 
0 125 


Aggregation (%) 

X 


Aggregates absorbing 
moisture by capillary 
action for 17 hr before 
wet sievmg 

847 
64 4 


Aggregates submerged 
for 30 mm. before 
wet sieving 
88 6 
C8 8 


disappeared when its mtrogen content weis reduced 
to less than 0 2% Howe\er, Evems, Hawkins & 
Hibbert (1941) foimd that anti L mesenteroides sera 
(produced m rabbits) gave precipitm reactions with 
relatively high ddutions of the homologous poly- 
saccharide, dextran, having a maximum mtrogen 
content of 0 08 % This suggests that the small 
amount of mtrogen present m the dextran may not 
be responsible for the immunological reactions of the 
polysaccharide 

When our levans were treated with hot dilute 
NaOH, a flocculent precipitate appeared m the 
solution, and when it was removed a degraded levan 
was recovered from the solution which had a reduced 
mtrogen content and a very low aggregatmg effect 
(cf Stacey, 1943) A s imil ar precipitate was formed 
when solutions of the levan from B subtilis were 
dialyzed The precipitate settled to the bottom of 
the dialysis tube and was easdy removed Micro- 
scopic exa min ation showed that it consisted, almost 
entirely, of bacterial cells The levan recovered from 
the dialyzed solution had a much lower mtrogen 
content and a shghtly higher aggregatmg effect 
Apparently, the effect of NaOH on levan solutions 
is twofold it facditates removal of mtrogen by pre- 
cipitatmg the bacterial cells and ‘ cell debris ’, and it 
degrad^ the levan It is thought that these are 


In another experiment aggregates conta inin g 
0 5% levan (product 161) were dropped mto boihng 
water and held at a temperature of 96° for 10 mm 
with and without stirrmg They were then cooled and 
the degree of aggregation measured by the wet- 
sievmg techmque It is rather remarkable that, 
without stirrmg, a large proportion (over 66 %) of the 
aggregates remamed stable after heatmg, and that, 
with stirrmg, as much as 36 % stiU remamed stable 
Sod aggregates, contammg 0 6 % levan, were 
broken down when shaken m water for 1 hr How- 
ever, when the fine soil was removed frnm the shakmg 
bottle, dried to the ‘stickypomt ’ and pushed through 
a 3 mm sieve, water stable aggregates were re- 
formed Approximately 40 % of the polysaccharide 
apphed to the sod was present m the water with 
which the pod was shaken These results suggest that 
a certam amount of levan is fixed on sod particles 
Table 8 gives the results of an experiment designed 
to discover if levan, present on sod particles, was 
resistant to microbial decomposition Aggregates 
contaimng 0 6 and 0 126% levan were moistened 
with a sod suspension and mcubated at 27° At 
mtervals samples were removed and the percentage 
of water-stable aggregates estimated 

It IS concluded that levan present on sod particles 
is slowly decomposed by micro organisms 
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Tftblo 8 Effect of microbial aciitity on stability of 'Ician soil aggregates' 

Aggregation (%) 


A 


Levan 

Amount added 

t 

Before 

After 6 day s’ 

After 11 days’ 

After 31 days’ 

(no ) 

to soil (%) ' 

incubation 

incubation 

incubation 

incubation 

161 

05 

88 5 

82 8 

Cl 0 

441 


0 125 

03 8 

23 7 

82 

72 


DISCUSSION 

Polysncchondes are normal metabolic products of 
micro organisms Numerous species of bacteria, 
fungi and actmomyces aro capable of producing a 
mde vanety of complci. polj’saecbnndes as coll 
constituents or as eKtracollular products Hence it 
is reasonable to expect that, vmdor natural con- 
ditions, the diverse flora of the soil may Bynthesizo 
many polj^acchandes from the constituents of 
vegetable material, and that those substances may 
be of considerable importance m the formation of 
crumb structure in soil 

Polysaccharides are probably only ono of the 
groups of microbial metabohe products having an 
amehoratii e effect on soil stnieturo, and only v hen 
further knowledge is a\ ailable mil it be possible to 
estimate the full extent to winch biological activity 
influences the physical condition of soil 

srorMApy 

1 It has been shown that boctenal polysac- 
charides of the levan and dextran types exert S 
pronounced bmdmg effect on sod particles 

2 SactUus subtilis was cultured m a number of 
different media, m which the sucrose ooncentratiob 


and source of nitrogen were varied, and it was 
observed that the yield of Icfvan mcroosed with 
increase m sucrose content of the modium from 2 to 
10% (w/v) Tho aggrogatmg effect of the levan 
decreased, honovor, with increasing sucrose content 
of tho modium, and was paralleled by a decrease m 
intrinsic viscosity' and molecular weight of the 
le\ ans 

3 It appears that tho nitrogen content of levans 
and doxtransjsdue to tho presence of bacterial cells, 

03 impurities, m tho substances There was no corre- 
lation between aggregating effect and nitrogen con 
tent, or between molecular weight and mtrogen 
content of either levans or doxtrans 

4 Soil crumbs, con taming email amounts oflevan, 
are oxtraordmanly stable to tho dispersing actions of 
water, heat and shaking, but are ovontuolly broken 
down by the activities of micro orgamsms 

5 Proliminarv mvestigations inicato that levans 
aro fixed on soil particles 

0 It is not suggested that poly’sacebondes are the 
sole agents concerned m aggregating soil, but it does 
appear that they may be of considerable importance 

Grateful acknowledgements are due to Mr P A Collier 
for atatiBticnl analysis of the results and to Dr A H Lewis ' 
for helpful advice 
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Aggregate Formation in Soil 

2 ineluen'ce of vabious carbohydrates and proteins 

ON AGGREGATION OF SOIL PARTICLES 
Bt M J GEOGHEGAN and R C BRIAN 

Department of Microbiology, Imperial Chemical Industries Ltd , Jcalott's Hill Research Station, Berks 

{Received 10 November 1947) 


Geoghegan & Brian (1948) reported that bacterial 
polysaccharides of the deNtran and le\ an t j^ies had a 
marked aggregating effect on sod particles Further, 
it was obsem^ed that aggfegatmg effect was related 
to the mtrmsic viscosity and molecular weight of the 
substances These results suggest that other viscous 
substances of lugh molecular weight may have an 
ameliorative effect on sod structure 

, EXPERniENTAL 

The aggregating effect of vanous carbohydrates and pro 
terns was determined by the method of Geoghegan L Brian 
(1948) 

RESULTS 

Results are presented m Table 1 The amounts of the 
different substances apphed to sod are expressed as 
percentages of ■^he au dried sod and the figures 
quoted for aggregation are the means of duplicate 
results 

Table 1 Influence of various carbohydrates and pro- 
teins on aggregation of soil particles 

Percentage aggregation* 
when 0 26 % of the 
substance Was apphed 


Substance to sod 

Crude polysacchande from a 60 1 

stram of PemciUium hiieim 
‘Cellofas W L D ’ 46 5 

‘CeUofasWPZ’ 26 0 

Qumce gum 26 5 

Peotm 3 4 

Inuhn 0 8 

Egg alburmn 32 9 

Trypsm ' 4 5 

Pepsm 1 2 

Pancreatm 1 1 

Control 1 2 


* For substances givmg an aggregation greater than 
10 % , SB for the mean of two determmations = ± 1 09 

DISdUSSION 

The crude polysaccharide from Pemcillium luteum 
had a definite aggregatmg effect, although less than 
that of levans and dextrans (cf Geoghegan & Brian, 
1948) This mdicates that under natural conditions 
fungal polysaccharides, like bacterial polysac 
charides, may Tlay ^in important role m soil 
structure formation 


The results obtamed with egg albumin, trjqisin, 
pepsin and pancreatm suggest that some protems 
are capable of aggregatmg sod particles Proteins 
from plants and micro organisms are present m sod 
organic matter, and it is possible that some of these 
substances may help m the formation of water- 
stable sod crumbs 

It 18 mterestmg to note that ‘Cellofas IV F Z ’, 
although more ^’iscous than ‘ Cellofas W L D ’, IS 
less effective as an aggregator, the former is the 
sodium salt of carboxjTnethv 1 cellulose and the 
latter an ether of cellulose 

Inulm, winch is composed of anh 3 drofructo- 
furanose units, the linkages being at positions 1 and 2 
of the fructose cham, is unable to aggregate sod 
Tins 18 not surprismg, because solutions of this sub 
stance have low ^nscosltles Haworth (1936) claims 
that the inulm molecule consists of a lammated 
series of fructofuranose rmgs which are not jomed 
end to end as m the case of cellulose or starch, and 
that this spatial arrangement is responsible for the 
low viscosity of solutions of the substance 

Pectm, the specific viscosity of winch is greater 
than that of levans from Bacillus subtihs, faded to 
aggregate sod, and qumce gum winch is still more ‘ 
viscous only caused 25% aggregation This is 
important as it shows that, wlule substances capable 
of aggregatmg soil hai e high viscosities, there is no 
reason to expect that all nscous substances wiU 
improve soil structure 

Work along these Imes will provide information on 
the relative powers of different substances to aggre 
gate sod particles, and wdl help to elucidate the 
relationship between chemical structure and the 
abihty of a substance to form water stable sod 
crumbs 

SUaniARY 

The aggregation of soil particles bj’’ viscous sub 
stances other than levans and dextrans has been 
assessed Results show that whde some biological 
products have a moderate aggregating effect it does 
not follow that all viscous substances wdl improve 
sod structure 

Our thanks are due to Dr G G Freeman for aiipplving 
samples of the polysaccharide from Fenicilhum hileum and 
to Dr A H Lewis for hi4 constant interest and advice 
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Antipyretic Action and Catalase Activity 

B\ J ^MLLIAJISON akd E A RUDGE 
Department of Chemistry, TFcs/ Ham Mvmctpal College, London 

{liccciicd 17 October 1047) 


Antipyretics are iroU known ns stabilizers of com 
mercial hydrogen peroxide solutions (Knusch, 1938, 
Slater, 1946), and it has been suggested bA Ballet 
(1937) that ‘antipyretic substances are in general 
aromatic, many of them phenolic, and quite possiblj 
lower the temperature of the bodt by reducing the 
rate of oxidation’, conceit nbh bt interferuig ttnth 
H.O. metabolism In tissue metabolism, H.O. mat 
be produced by reactions involving, for example, 
D ammo acid oxidase, xanthine oxidase, uricoso 
(Sumner &, Somers, 1943), and the chemical idontifi 
cation of H.O j as a metabolic product has rccontlt 
been demonstrated by Tosic & IValton (194G) The 
H.O, produced is decompKDsed bj the widelj dis 
tnbuted cellular enzyme catalase, but simple pro 
tective decomposition of H.O. into 0. and water is 
now considered by KeilmcSuHartree (1946) to be less 
hkely than catalysis of coupled oxidation of alcohols, 
and possibly of other biologically important com 
pounds 

The possibihty that antipyretic action may not be 
wholly central m origin is suggested by the lijqier 
thermic action of dimtro a naphthol m a dog de 
pn\ ed of its central thermoregulatory mechanism 
(Heymans, 1928), and by the antipjTetic action of 
acetanihde, quinme and pyramidone m decerebrate 
rabbits exhibitmg pyrexia mduced by p tetrahydro 
naphthylamme (Skowronsla, 1929) The antipyretic 
substances, sodium salicylate, qumine and pyrami 
done, have a depressant action on isolated tissue 
respiration (Nitzoscu & Ckisima, 1923), and the re 
duction of methylene blue by h\ er tissue is mlubited 
by antipyretics such os aspirm, antipynne, phen 
ocetm, quuime and sodium sahcylate, as well as by 
a number of typical antioxidants (Boutanc & 
Jacqumot, 1931) 

Antipyretic activity is broadly associated with 
particular chenucal structures, and several repre 
sentative antipyretic substances weredested for In- 
hibitory activity m the isolated catalase H5O1 
system, m an attempt to pronde evidence for 
the hypothetical mechanism suggested above for 
possible peripheral action of antipyretics Of thefour 
mam types of antipyretic substances, acetamhde and 
phenacetm represent typical nnilme derivatives, 
salicyclic acid and acetylsahcyhc acid represent 
typical phenol derivatnes, antipyrme 13 a repre 
sentative pyrazolone derivative, and quinme repre- 


aentsanumberofqiiinohnodematnes p Hydroxy - 
benzoic acid is a phenol deriiative not ordinarily 
used as an antipyretic 

EXPERDIEOTAL 

A horse lucr entnlaso extmet, prepared by the method of 
Sumner Bounce A Fmmpton (1941) had n ‘Kntalnse/’ 

1 able (detcrmmcil hi the method of \ on Euler A Joviphson, 
1027) of 2500 The catalase content nas calculated hi 
colonnietnc estimation of the Fe content, hy the method 
of Delonr (1943), assuming 0 002% Fe in the dry enzyme 
(\on Euler, Zcilo A HellstrOm, 1930) 

The test Biibstancca used ivero AR grade, further 
punfied as follows acetandide, phenacotm, aspinn, salicvhc 
field and p hydroxyhenzoic acid (rcori'stalhzed from con 
ductinty water), quinme (rccry stalhzcd from pure benzene), 
antipvnnc (reeiystallized from pure toluene) The pH of the 
Sorensen buffer was checked electromotncally All solutions 
ircrc prepared m glass distilled irattr, and dust was ex 
eluded as far as possible 

Reaction rates were detemuned at 37° using the Barcroft 
manometer The right hand manometer flask contamed 

2 ml of 0 32 m HjOj (M A R ), and 2 ml of 0 0007 m phos 
phato buffer, pH 0 8, the left-hand flask 2 ml of 0 32 m 
HjO,, 1 ml of 0 0007 m buffer, 1 ml of a solution of the 
test substance, and a Kcdm pipette holding 0 10 ml of 
undiluted cntalnso extract For the calculation of per 
centago inhibitions, reaction rates were compared with that 
of the control m which the amount of Oj evolved over a 
penod of 6 mm was taken as a measure of initial reaction 
velocity 

REvSULTS 

The percentage inhibitions obtamed with the sub 
stances tested are given in Table 1 The ohserv'-ed 
mhibitions with the hydroxy benzoic acid derivatives 
can be due only in neghgible degree to the shght 
lowermg of pH, and probably result from the 
presence of phenoho OH groupmgs The latter may 
interrupt the chain reaction, postulated by Sumner 
(1041), which involves the formation of the free 
radicals OOH and OH A number of workers 
(e g Richter, 1934, Alyea A, Pace, 1933, yakusluy^, 
1937 , Colher, 1940) hav e shown, m fact, that catalase 
is inhibited by^ phenolic compounds Colber bas 
shown that, m general, catalase is inhibited by 
phenols, oximes and ammo denv ativ es winch may 
give rise to HO NH groupmgs on oxidation, and 
that these compounds produce methaemoglobm 
from baemoglobm, reduce Eolm’s phenol reagent. 
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Table 1 Inhibition by test substances of the decomposition of 0 IGm-HjOj by catalase 

Percentage inhibitions 

X 


Cone of 
antipyretio 
(ji X 10-5) 

Acetanibde 

Phenacetm 

Salioyhc 

acid 

04 

— 

— 



1 1 

— 

0 

44 

18 

0 

— 

, — 

23 

— 

— 

76 

26 

— • 

— 

— 

35 

0 

— 

— 

46 

— 

— 

89 

63 

— 

— 

, — 

70 

0 

— 

. — 

10 6 

— 

— 

— 

14 0 

28 

— 

— 


give colour reactions with FeClg and resemble anti- 
oxidants 

Experiments with concentrations higher than 
those recorded for phenacetm and qumme were ex- 
cluded by the low solubdity of these compoimds 
With antipyrme there is obviously no correlation 
with antip 5 Tetic sictivity, and inhibition with acet 
anihde was only shght at relatively high con- 
centrations It IS thus not possible to associate 
antipyretic activity m every case with the in vttro 
decomposition of HjOj by catalase 


Acetyl 

saheyhe 

acid 

p Hydroxy- 
benzoio 
aoid 

Antipyrme 

\ 

Qumme 

— 





0 

17 

— 

0 

— 



47 

— 

— 

42 

— 

— 

— 

• — 

— 

0 

— 

■ — 

68 

— 

— 

70 

— 

— 

— 

— 

— 

0 

— 

— 

— 

— 

— 

— 

— 

0 

— 





1 Since 

STOQIABY 

many antip5Tetics can be used to stabihze 


HgOj solutions, it has been suggested that they may 
also conceivably mterfere with HjO. met^ohsm 
To test this theory, a number of representative anti- 
pyretics have been tested for inhibitory activity in 
the isolated enzyme system, catalase-HjOj 

2 Inhibition was observed with some, but not all, 
of the subSrtances tested, 1 e there was no parallelism 
with antipyretic activity 


BEFERENCES 


Alyea, H N & Pace, J (1933) J Amer chem Soc 65, 
4801 

Bailey, K C (1937) Retardation of Chemical Reactions, 
1st ed , p 116 London E Arnold and Co 
Bontano, A &Jacqninot,T (1931) Bull Acad Mid Pans, 
106, 63 

CoUier, H B (1940) Canad J Res 18 B, 346 
Deloiy, Q E (1943) Analyst, 68, 6 
Enler, H von & Josephson, K (1927) Liebigs Ann 462, 
168 

Enler, H von, Zede, K. & Hellstriim, H (1930) SvensL 
hem Tidskr 42, 74 

Heymans, C (1928) CJJ Soc Bied , Pans, 99, 636 
Kansch, O (1938) Das Wassersioffsuperoxyd, 66, Monogr 
chem tech FahrMeth Halle Knapp 


Keilin, D & Hartree, E E (1946) Biochem J 39, 293 
Nitzesou, I I & Cosima, J (1923) C R Soc Biol , Pans, 
89, 1401 

Biohter, D (1934) J chem Soc p 1219 
SkowTonaki.V (1929) Arch exp Path Pharmal 146,1 
Slater, V W (1946) Chem Jnd 6,42 
Sumner, J B (1941) Advances in Enzymology, 1, 163 
New York Interscience Publishers, Inc 
Snmner, J B , Dounce, A L & Frampton, V L (1941) 
J 610Z Chem 136, 343 

Sumner, J B A Somers, G R (1943) Chemistry and 
Methodsof Enzymes, Isted tP 169 New York Academic 
Press, Inc ' 

Tosio, J i, Walton, A. (1946) Nature, Load , 168, 486 
Yakushiyi, E (1937) Bot Mag , Tokyo, 61, 299 


/ 


Vol 43 


17 


Note on the Manometnc Determination of Succimc 
and a-Ketoglutanc Acids 

By H A EIBBBS AND L V EGGhESTO^!, Medical licscarcJi CoimctlUtitt for BcscarcJi 
m Cell Metabolism, Department of Btochomstri/, The Umieraitij, Sheffield 

e 

{Recciicd 10 November 1047) 


Small quantities of succmi c and ct ketogliitaric acids, 
from 0 2 mg upwards, are now commonly doter 
mined manometncally with the help of succinic 
dehydrogenase (Szent Gydrgyi A Gdzsj , 1936, 
Krebs, 1937, 1938) The object of this paper is to 
draw attention to two sources of errors which wo 
have recently encountered 

Inhibition of succinic dehydrogenase 
by phosphotungstates 

In some detemunations of sucemate it was noted 
that the ethereal extract contained a powerful m 
hibitor of succmic dehydrogenase, resultmg m de 
layed or mcomplete oxidation of the sucemate This 
was found to be phosphotungstate which arises from 
the tungstate added as a deproteimzmg agent and 
from phosphate present m the tissue preparations 
Phosphotungstio acids are known to be readily ex 
tractable with ether 

■flTnlst Na tungstate (2 x 10 ~-m) has no effect on 
succmic dehydrogenase, Na pbospho 18 tungstate 
{'A acid’ of Wu, 1920) is a strong inhibitor in re 
latively low concentrations For example 0 6x 
caused an inhibition of 64% (pH 7 4, sucemate 
concentration 0 01 m, 40°) Na phospho 24 tung 
state, also prepared accordmg to Wu (1920), is 
hkewise an inhibitor, but higher concentrations, 
about five tunes that of the 18 acid, are required to 
produce the same effect 

These mhibitions might be expected as it is known 
that succmic dehydrogenase possesses SH groups 
(Hopkins & Morgan, 1938), and that phosphotung 
states readily oxidize SH compounds to the disul 
phides (Fohn A Marenzi, 1929, SchOberl A Ludwig, 
1937, SchOberl & Rambocher, 1938) The inlubition 
of succmic dehydrogenase depends on the concen 
tration of succinate This agam is not unexpected 
smee Hopkins, Morgan A Lutwak Mann (1938) have 
shown that sucemate protects the SH groups of the 
enzyme agamst other reagents 

When solutions of timgstate which do not contain 
phosphate are acidified, practically all the tungstic 
acid 18 precipitated, but m the presence of phosphate, 
tungstic acid m excess of that reactmg with protem 
and similar substances remains m the solution as 
complex phosphate The formation cf inhibitory 
Bioohem 1948, 43 


quantities of phosphotimgstato can easily be pre 
vented bj a\oidmg an excess of timgstate A 
minimum amount, ascertamed on a sample of the 
material, is recommended We find that 4 ml of 
a neutralized tissue suspension contaimng 0 4 g of 
fresh tissue and diluted to 16 ml with water or 
washmgs is satisfoctorilj deprotemized by the 
addition of 0 26 ml of 10% (w/v) Na tungstate and 
subsequent acidification with HjSO^ (blue to Congo 
rod) We retam tungstate os a deprotemizmg agent 
because, unlike other deprotemizmg agents, it yields 
filtrates which do not froth when ether is bubbled 
through the solution at a rapid rate 

Interference of glutamic acid in the determination 
of a ketoglutaric acid 

lvMn 04 m acid solution is used for the oxidation 
of a ketoglutanc to succmic acid, and it has been 
pomted out prenously (Krelis, 1938) that several 
substances winch may occur in biological material, 
such as a hydroxyglutarate and argmme, also yield 
sucemate w hen treated with the reagent Wlien these 
substances are present a ketoglutarate must be 
separated prior to the oxidations This can be 
effected by the coni ersionmto the 2 4 dmitrophenyl- 
hydrazone and ethereal extraction of the latter In 
the absence of interfering material a simplified pro- 
cedure may be adopted, i e direct oxidation with 
KMnOj of the deprotemized solution (Krebs, 1938, 
Krebs &, Eggleston, 1040) 

In recent experiments we foimd that under some 
conditions glutamic acid, which is frequently present 
m biological material, yields sucemate on treatment 
with KAInOj It IS noteworthy that m pure solution 
glutamic acid does not react significantly Previous 
findmgs on tins pomt (Krebs, 1938) were confirmed 
by recent tests, it was further found that no oxida- 
tion of glutamic acid occurred m mixtures of 
glutamic acid with a ketoglutanc acid, or glucose, 
or pyruvate, or lactate and several ammo acids 
But m deprotemized homogenates of hver and other 
tissues added glutamic acid was found to yield 
varying amounts of sucemate, the maximum bemg 
70% of the theoretically possible value Depro- 
temized suspensions of minced liver had httle or no 
effect on the oxidation of glutamic acid 


2 
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We have not been successful in identifying the 
substance m liver and other tissue homogenates 
responsible for the osidizabdity of glutamic acid bj'’ 
acid KMnO^ The foUowmg substances added to a 
pure solution of glutamic acid had no effect on the 
oxidizabihty CmSO^, FeSOj, jMnSO^, haemm, the 
substances of rabbit bile, the ammo acids contamed 
m casern hydrolysate 

In view of the widespread occurrence of glutamic 
acid m biological material the direct treatment of 
deprotemized solutions with permanganate must 
be deprecated We separate a-ketoglutaric from 
glutarmo acid by es±raction of the strongly acidified 
solution with ethyl ether, usmg a contmuous ev- 
tractor of the Kutscher Steudel type with the 
dimensions described bj”- Krebs, Smyth & Evans 
(1940) The deprotemized filtrate is acidified with 
0 1 vol of 60% (v/v) HjSOj The rate of extraction 
IS illustrated by the foUowmg data I'iTien 6 84 mg 
of a-ketoglutaric acid, dissolved m 16 ml of 2 n 
H jSO^ were extracted, 71 % appeared m the extract 
withm 16 mm , 90% within 30 mm , 96% witlun 
60 mm These figures depend of course on many 
factors, especially the design of the apparatus and 
the rate at which ether passes tlirough the solution, 
it is therefore necessary to check the rate for each 


1948 

set up In order to have a safety margm we extract 
for 2 hr The ether is then evaporated and the 
residue IS dissolved m a few ml ofwater Itisusually 
di%nded mto 2 parts , m one succmate is determmed 
directly, n lulst the other is acidified and treated with 
an excess of KMnO^ as described by Krebs <L 
Eggleston (1946) 

This procedure ehmmatos mterference by glutamic 
acid, glutamme and argmme, but if a-hydroxy- 
glutarate is present the dmitrophenylhydrazone 
method (Ivrebs, 1938) remains the method of choice 

STOmiARY 

1 Succinic dehydrogenase is inhibited by phos 
pho 18 tungstate and phospho 24 tungstate, pre 
'sumably because these reagents oxidize the SH 
groups of the enzyme 

2 Glutamic acid, whilst stable m the presence of 
potassium permanganate m pure solution, is oxidized 
by this reagent to succrmc aoid m the presence of 
certam deprotemized tissue extracts 

3 The above reactions may cause errors m the 
manometnc de^ermmation of succmate and a keto 
glutarate Procedures are descnbed which avoid 
such errors 
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New Zealand Fish Oils 

6 COaiPOSITION OF THE FATS OF THE SCHOOL SHARK 
[GALEOHHINUS AUSTRALIS, MACLEAY) 


Bw A P OLIVER, Dominion Laboratory Aino F B SHORLAND, Fats Research Laboratory, 
Department of ScierUtflc and Industrial Research, Wellington, New Zealand 

(Received 11 November 1947) 


The school or snapper shark (Oaleorhinus australis) 
occurs m both New Zealand and Australian waters 
and, m common with related spiecies found else- 
where, such as the North West Pacific soupfin shark 
{O zyopterus) (Byers, 1940), the SouthAmencantoUo 
(Q ni€7ito)_^(Pfister, 1936a, b) and the South African 
soupfin shark ((? cams Bond) (Molteno, Rapson, 
Roux, Schwartz & van Rensbmg, 1946) is an im- 


portant source of vita min A rich hver oil (of Davies 
& Field, 1937, Jowett & Davies, 1938, Cunnmgham 
& Slater, 1939) Little, however, is known con 
cermng the composition of oils from these species 
In most work on the fatty acid composition of fish 
oils from a given species, one sample only has been 
used so that there is no information as to the extent 
of the variation between mdiViduals Tins may be 
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large, as m Neir Zealand groper (Polj/pnon oxg 
gcnctos) liver oil (Shorlatid Hilditcb, 1038), or 
small as m New Zealand ling (Ocnyplcrus blacodcs) 
liver oil (Sliorland, 1039) In tins ivork, tliorefore, 
tlie fats from eight specimens of school shark 
selected at random from one daj ’s catch in Cook 
Strait on 10 Februarj 1944 hn\e been studied 
separately 


EXPERBIENTAL AND RESULTS 

I 

Information about the specimens used in this study 
IS given in Table 1 

The sharks aero divided bj a transverse cut at tho 
posterior gill slit mto head, bodi , liver and rest of viscera 
Each of the tissues was treated with tinco its weight of 
95% ethanol, held at the boihng pomt for 15 mm and 


Table 1 Details of echoof sharks used in tins iniestujalion 


Sample 

(no) 

Locahty 

Length 

(cm) 

1 

Karon Book (10 tothoms) 

KM 

2 

Ponano patch (OO-SO fathoms) 

149 

3 

»r ff 

123 

4 

I* »> 

136 

5 

ti «« 

132 

6 

Island Bay bank (60-80 fathoms) 

161 

7 

tt >* 

144 

8 

ft ft 

138 


Weight 

(kg) 

Weight of 
hver 
(6) 

Sexual condition 

15 43 

608 

9, commencing development 

13 63 

822 

5, uude-vcloped 

0 80 

-307 

?, undeveloped 

10 90 

908 

$, undeveloped 

9 09 

740 

9, undeveloped 

24 95 

1250 

5, commencing development 

12 27 

508 

$, commenemg development 

11 82 

lOSO 

?, commencing development 


Table 2 Proportions of tissues and distribution of fats tn New Zealand school shark 


Viscera other 

Head Body than hver Liver 




A 

\ 

f” 




t 

— 

' ' 1 ^ 

f 

— — N— 





Od 



Oil 



Oil 



Oil 



r 

% 


total 

% 


total 

% ' 


total 

0/ 


total 

% 

Sample 

total 


m 

total 


m 

total 


m 

total 


in 

oil in 

(no) 

weight 

(%) 

fish 

weight 

(%) 

fish 

weight 

(%) 

fish 

weight 

(%) 

fish 

shark 

' 1 

213 

0-2 

33 

67 7 

06 

20 5 

73 

06 

34 

37 

231 

66 8 

13 

2 

210 

02 

1 1 

001 

06 

87 

63 

1 0 

1 6 

60 

659 

88 6 

38 

3 

21 6 

0-3 

32 

00 3 

0 5 

10 3 

07 

06 

20 

54 

29 6 

78 6 

20 

4 

17 7 

01 

04 

09 0 

05 

72 

50 

07 

07 

'8 3 

62 7 

917 

48 

5 

18 2 

04 

16 

09 3 

07 

99 

61 

12 

1 3 

74 

67 6 

87 3 

49 

6 

10-7 

01 

0-3 

78 4 

04 

10 0 

69 

08 

1 8 

60 

61 8 

87 5 

30 

7 

23 2 

02 

23 

06 2 

0-3 

68 

60 

09 

26 

46 

37 0 

863 

20 

8 

19 7 

02 

07 

05 7 

06 

66 

65 

09 

08 

91 

007 

93 0 

58 

South African 

16 3* 

0 48 

35 

781 

0 71 

20 8 

17t 

07 

00 

49 

292 

691 

21 


sonpfin shark 

* Exolnding foetuses Recalculated from data given by Molteno el ol (1945) 
t Intestme only 


Table 3 Characteristics of New Zealand school shark fats 


Vitomiii A* 
(Bj^SSSnifi.)' 


Sample v, 16 

< 00 ) (%) 

1 14 6 

2 36 

3 06 

4 01 

6 0-4 

0 22 

7 10 

8 00 


Liver 


-A- 


Unsapom 

fiable 

matter 

Saponification 

(%) 

equivalent 

314 

410-0 

8 1 

317 1 

45 

309 6 

25 

300 6 

4-0 

307 7 

04 

319 6 

89 

3210 

33 

308-0 


Iodine value 
(WijB 1 hr ) 

185 0 366 6 

178 0 348 6 

183 9 340 6 

185 9 328-0 

176 8 326 5 

170 7 364 0 

149 0 301 5 

171 7 327-0 


Head 

lodme value 
(Whs 1 hr ) 
112 
140 
118 
103 

136 109 

163 116 

119 137 

127 129 


Body 


Sapomfleatiou lodme value 
eqmvalent fWijs 1 hr ) 

125 
148 
164 
136 


* Spot tots with tte Carr Pnee reagent showed that some of the body and visceral oils were somewhat richer In vitamin 
A toon cod liver ou but no positive tests were given by the head oils ^ 


2 2 
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then dned m vacuo at a temperature not exceeding 50° 
The dried tissues Tvere xmnced and extracted contmuously 
■with hght petroleum, b p 60-70°, imtil on replacement 
■with fresh solvent no further hpid was extracted The final 
stages of extraction were facditated by the addition of 6 % 
absolute ethanol to the hght petroleum, the ethonohc layer 
bemg subsequently withdrawn, evaporated in vacuo, re 
extracted with hght petroleum, and added to the mam 
extract from which the petroleum was distiUed, the last 
traces bemg removed in vacuo on the steam bath 

The proportions of tissues and distribution of fat m the 
fish are given m Table 2 and the chamctenstica of liver, 
body and head fat m Table 3 

As it was not feasible to complete the ester 
fractionation analj^es of all the samples, a selection 
was made of the hver ods, while the head and body 
oils were combmed to proxnde sufficient material for 
analysis Tlie head and body fats were further 
separated mto phosphatide and glyceride fractions 
(cf Shorland & Hilditch, 1938) yieldmg 63 6% phos- 
phatide (P = 3 7 %) and 36 4 % glyceride (P = 0 7 %) 
Quahtative tests showed that the hver oils con- 
tamed only min or proportions of phosphatide, no 
separation was therefore made 

The fatty acid composition was determined by 
the method described by Hilditch (1941) and 
modified by Shorland & de la Mare (1944) For the 
purpose of mdicatmg the course of the distillation 
of the methyl esters the results for school shark hver 
oil (no 7) are set out m Table 4 as t5ipical of tlie 
general results obtamed The component fatty acids 
of the fat are listed m Table 6 


DISCUSSION 

Rapson, Schwartz & van Ronsburg (1946) consider 
that the composition of the hver fats of 'marine 
teleostean fish is largely dete rmin ed by the extent 
to which the hver is used ns a site for fat storage 
Tliey found, m general, that the hver fats of fishes 
with diliuse oil systems had lower lodme xmlues than 
the correspondmg head, body or mtestmal ods, 
while m the case of fishes wntli the fat storage 
locahzed m the hver the fat from tins organ had an 
lodme value approvunatmg to that of the corre 
spondmg body, head and mtestmal oil In the 
present work it is shown that m common with that 
of other elasmobranch fish the hver of the school 
shark is the mam site of fat storage (cf Table 2) 
Consideration of the lodme values of the In er fats 
(Table 3) shows that thej' exceed those of the head 
and body Such comparisons of lodme values are 
comphcated by the presence of unsaporufiable 
matter and by the fact that the head and body lipids 
are present to a considerable extent as phosphatides 
With the methyl esters of the fatty acids, excludmg 
unsaporufiable matter, as basis for comparison, hver 
oil samples nos 1, 2, 6 and 7 showed lodme values of 
137 3, 152 8, 162 4 and 134 7, respectively, as com- 
pared with values of 174 5 and 162 8 for the re 
spectix’e phosphatide and glyceride fractions of the 
combmed head and body oils Tlie liigher lodme 
value of the head and body oil fatty acids, as 


Table 4 Fractionation of methyl esters of acids from liver fat of school shark no 7 


No 

Li 

L, 

L, 

Li 


Li 

Ls 

L. 

Lio 

Lu 

Li. 

Tot-al weight of 
fiuctions 


Methyl esters of ‘hquid’ acids 
(weight fractionated 39 5 g ) 


Methyl esters of ‘solid’ acids 
(weight firactionated 11 7 g ) 


i 

Saponification 

lodme 


! 

Saponification 

lodme 

(g) 

eqmvalent 

value 

No 

(g) 

eqmvalent 

value 

1 305 

246 8 

401 

Si 

0 940 

262 9 

41 

2 929 

270 8 

78 9 

s, 

1 528 

266 6 

2 1 

3 894 

291 8 

92 8 

S, 

2 647 

269 0 

29 

2 490 

295 4 

96 7 

S 4 

2 606 

2-72 0 

3 7 

6 649 

296 6 

991 

S 5 

2 748 

297 6 

264 

4 087 

316 0 

168 8 

S, 

1 088 

366 6 

61 7 

2 970 

322 9 

169 6 





2 953 

334 4 

267 2 





2 602 

341 6 

299 4 





3 241 

344 0 

308 8 



- 


1 607 

347 2 

273 7 





1 663 

369 3 

212 6 





2 971 

365 9 

183 4 





39 157 

1 


Total weight of 

11 566 




fractions 


‘Liquid’ esters excluding unsaponifiahle matter 

Lj 5 saponification eqmvalent 348 2 , iodine value 204 0 
Ljj saponification eqmvalent 359 1 , iodine value 177 0 


*Sohd’ esters excluding unsaponifiahle matter 
S, saponification eqmvalent 351 G, lodme 
value 79 2* 


* The relatively higli lodme value after resaponification is attributed to the removal of traces of residual phosphatides 
(cf Hdditch & Shorland, 1937) which would tend to lower the io din e value m the ongmal fraction 
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Table 6 Component fatty acids of the fats of the school aharl 
la) Weight percentages 

Saturated acids Unsatumted acida 


Liver oil sample 


Cl. 

^18 

c„ 



Ci. 


c„ 



Cjo 



^21 


L3 

17 1 

05 

1 5 

— 


00 


64 

25 4 


20 7 

(■ 

21 5 

— 




(- 

-2 OH) 

(■ 

-2 OH) 1 

[-2 OH) 

(■ 

-4 5H) 

-7 OH) 


2 

1 7 

15 3 

5 4 

1 1 


12 


59 

20 0 


19 5 

(■ 

25 3 

— 





(■ 

-2 OH) 

{■ 

-2 OH) 1 

i-24H) 

(■ 

-5 8H) 

-0 6H) 


Q 

24 

15 2 

30 




1 1 


C2 

317 


20 2 


19 0 

— 





(■ 

-20H) 

(• 

-20H) 1 

(-24H) 

(■ 

-5'4H) 

(• 

-8 8H) 


j 

39 

10 7 

63 

01 

10 

07 


63 

20 5 


16 5 


22 8 

2 2 



(• 

-2 OH) 

( 

-2 OH) 1 

(-2 3H) 

(■ 

-4 5H) 

(■ 

-0 6H) 

( — 4 U H) 

Head aud body 
glycendes 

0-2 

7 8 

19 0 

62 

34 

(■ 

02 

-20H) 

( 

62 

-2 OH) 

13 5 

(-2 2H) 

(■ 

22 8 
-0 1 H) 

(- 

22 7 

- 12 0 H) 


Head and bodv 

03 

99 

13 3 

03 

1 1 


1 1 


43 

22 8 

(■ 

10 1 

(- 

30 8 


phosphatidea 






( 

-2 OH) 

( 

-20H) 1 

(-2 3H) 

-0 5 H) 

- 10 0 H) 







(6) Molecular percentages 







1 

1 7 

194 

00 

1 4 

- . 


07 


02 

20 3 


19 0 

{ 

18 1 

— 




( 

-20H) 

( 

-20H) 

(-2 OH) 

( 

-4 5H) 

-7 OH) 


2 

22 

17 3 

35 

10 



1 5 


67 

27 3 


18 4 


221 

— 






( 

-2 OH) 

( 

-2 OH) 

(-24H) 

( 

-6 8H) 

( 

-9 OH) 


C 

3 1 

17 0 

37 

_ 



14 


09 

32 2 


18 8 


10 9 

— 






( 

-2-0 H) 

( 

-20H) 

(-24H) 

( 

~6 4H) 

( 

-8 8H) 


7 

49 

18 8 

64 

01 

08 


09 


00 

271 


14 5 


10 7 

1 8 





{ 

-2-OH) 

( 

-2 OH) 

(-2 3H) 

( 

~4 6H) 

( 

-OSH) 

(-4-0H) 

Head and body 

03 

90 

19 8 

49 

30 


02 


00 

14 2 


22 1 


205 

— 

glyceades 






( 

-2 OH) 

( 

-2 OH) 

(-2 2H) 

( 

-CIH) 

(• 

- 12 0 H) 


Head and body 

05 

114 

13 7 

03 

10 


14 


60 

23 8 


15 6 


27 4 

— 

phosphatides 






( 

-2 OH) 

( 

-2 OH) 

(-2 3H) 

( 

-OSH) 

(■ 

- 10 0 H) 



The quantities m brackets are the values of the mean unsaturation, thus (—40 H) indicates an average unsaturation 
cortegwnding mth tivo double bonds, but does not necessarily imply the presence only of a diethylenic acid 


Table 6 Fatty and composition of school sharL liver oil no 2 before and after hydrogenation 

Total groups of acids (moh %) 



Cu 

c.. 

Cjj 

Cjo 

Cjj 

Cj. 

Before hydrogenation 

37 

24 0 

30 8 

10 4 

22 1 

— 

After hydrogenation 

28 

24 3 

334 

16 7 

22 5 

03 

Difference 

+ 09 

-0 3 

-20 

+ 27 

-04 

-03 


compared with those of the hver, is m agreement 
with the views put forward by Rapson et al 
(1946) 

The variation m fatty acid composition between 
the k\ er oils (cf Tdble 6) teaches a inaximiim differ 
ence in the Cy vmsatiirated acids, where the differ 
ence between samples 6 and 1 amounts to 6 3 units 
weight % Other similar differences are shown m the 
Cjo unsaturated acids, sample 1 containmg 6 2 umts 
% more than sample 7, while m the case of the Cjs 
unsaturated acids sample 2 is shown to contam 
6 7 uruts % more than sample 6 In assessing 
differences of tins order it is relevant to consider the 
accuracy of the ester fractionation method 

Comparison of the ongmal oil with the fully- 
hydrogenated sample (Table 6), shows that by this 
method m two consecutive analyses differences of 


up to 2 7 umts % may be eicpected Usmg similar 
comparisons, Hilditch 6„ Houlbrooke (1928), Shor- 
land (1939) and van Rensburg, Rapson & Schwartz 
(1946) found respectively, differences of up to 1 7, 

1 7 and 2 6 umts % Similarly Lovem (1942) found, 
m dupbeate analyses of cod hver oil, differences 
between the same fatty acid groups of up to 1 8 
umts % By far the most exhaustive and compre 
henaiv e analyses earned out on oils, hydrogenated 
to different lodme values and prepared from the 
same sample, are those by Hilditch & Terlesla (1937) 
on whale oil and by Harper Hilditch (1937) on 
cod-h\er oil 

As claimed by these workers (Harper, Hilditch & 
Terleski, 1937) the final results for the cSomponent 
fatty acids are not necessarily accurate to more than 

2 or 3 umts % m the case of the higher complex 
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unsaturated acids Our interpretation of their claim 
IS that this degree of accuracy has reference to the 
extent of the deviation from the mean value, so that, 
when considered from the pomt of view of the 
differences likely to be encountered between similar 
homologous groups of acids m two consecutive 
analyses, the expected differences are of the order 
of up to 6 units % Usmg the results of the above 
mvestigators, the standard deviations of each homo 
logons group of acids have been calculated (Table 7) 


1948 

there is a direct relationslup between the^iodine 
values of the head and body oils and the od contents 
of these organs, and put forward the hj^iothesis that 
these variations correspond to preferential deposition 
and utihzation of Cjo and €22 unsaturated acids, as 
well as changes m the degree of unsaturation of the 
acids when the fish are m fat and thm condition 
respectively They suggested further that the same 
may be true of the liver oils of fish where, as m the 
present case, the hver is the mam site of fat storage 


Table 7 Standard deviation of ester fractionation analyses calculated from the data of 
Hdditch cL Terleski (1937) and of Harper <L Hilditch (1937) 


Standard deviation from mean of homologous groups of acids (mol %) 


Cii Caj 

Whale oil (6 analyses) ±0 83 ± 1 64 

Cod hver od (8 analj^ses) ±0 62 ± 1 07 


CjB 

±165 

±104 


C-o Cii 

±114 ±0 76 

±181 ±119 


C.4 

±0 39 


It IS generally considered that, for the results of 
a smgle analysis on two different oils to be significant, 
their difference, for a first approximation, should 
differ by more than three times the standard devia- 
tion of a smgle observation In the present senes of 
analyses, because of the relatively small weight of 
sample used (c 60 g ), it was not nxpected that the 
accuracy would be greater than that obtamed m the 
case of the cod hver oil and whale oil analyses, where 
larger weights were taken and the fractionation 
more detailed However, because of the use m the 
present work of a more efficient fractionatmg column 
as desenbed by Longenecker (1937), the relatively 
small weight of od taken for analysis is compensated 
to some extent by the relatively greater degree of 
separation of the esters, as compared with that 
obtamed with the Wdlstatter bulb used m the cod- 
hver od and whale od analyses It thus seems that 
the larger differences m the component fatty acids 
of the school shark hver ods referred to above are 
possibly significant, but no conclusions regardmg 
the smaller differences appear to be justified 

Comparmg the fatty acid composition of the head 
and body hpids with that of the hver oil (Table 6), 
it will be seen that the former have appreciably less 
Cj3 unsaturated acids and palmitic acid but more 
stearic acid Attention should also be drawn to the 
high mean unsaturation of the C20 and C22 un- 
saturated acids of the head and body hpids m com- 
pared with those of the hver The differences 
normally observed between the fatty acid com 
position of correspondmg phosphatides and gly- 
cerides (cf Hilditch & Shorland, 1937), mcludmg 
mcreased proportions of steanc acid, and Cjq and C.i 
unsaturated acids m the former as compared with 
the latter, are not shown m this work 

van Rensburg ei al (1946) extended then earher 
view that m fishes with diffuse systems of fat storage 


In this connexion the}’’ showed that, by comparmg 
the fatty acid composition of the liver oils of 
Merluccius merluccius (60% oil m hver) with that 
ofM capensis (28% od m h-i er) and jM gay i (28% 
oil m liver), there was a decrease m the amoimt of 
C20 and C22 unsaturated acids from 46 0 to 31 7% 
with decreasmg oil content , 

In the present work the od content of the hver 
of the school shark has been sho’wn to vary (Table 2) 
from 23 1% (sample 1) to 66 9% (sample 2), -with- 
out any marked effect on the fatty acid composition, 
suggestmg that m the school shark it is not a major 
factor m detemunmg fatty acid composition It 
may also be shown (Table 8) that, m other fish 
where the hver is the mam fat depot and the dis 
tnbution and amount of od are sundar to that of 
the school shark, the fatty acid composition differs 
considerably from that of the latter 

The New Zealand hng and school shark referred to 
m Table 8 have been 'taken from similar locahties m 
Cook Strait, but the former is distmgmshed from the 
latter by conta inin g highly significantly more Cig 
and C20 unsaturated acids and highly significantly 
less Cjj unsaturated acids m the hver oil Thus, 
although the mode and extent of fat storage m the 
hver have been shown (cf Rapson et al 1945) to be 
associated with •wide differences m fatty acid com- 
position, for such fish as the groper and the Merluccius 
species (van Rensburg et al 1946) these factors have 
not been found important m the school shark The 
present comparison of the New Zealand school shark 
■with the H irnil n.r if not identical Austrahan species, 
and -with the hng, suggests that m some cases 
the species factor is of primary importance m 
detennmmg the fatty acid composition of the 
hver od 

It 18 qmte possible that the factors which deter- 
mme the fatty acid composition of the hver oils of 
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elasmobranchn differ considerably from those opera- 
ting in teleostenn species As shoivn by Hilditch 
(1941) the fonner liave a much greater range of 
variation in the nature of the unsaturated acids, 
Avlucli vary from predominantlymonoethenoid types 
to types which are even more imsaturated than 
those normally encountered m teleostean species 
These facts, together with other remarkable differ- 
ences m the amoimt and nature of the unsapomfiable 
matter m the liver oils of elasmobranchn, tend 
further to emphasize the importance of the species 
factor m determining the fatty acid composition of 
this group Lovem (1942) has classified elasmo- 
branch liver oils mto four mam groups on the basis 
of the nature and amoimt of unsapomfiable matter 
and the fatty acid composition Consideration of the 
school shark hver oil shows that the higher un- 
saturated acids are largely polyethenoid, and the 
fatty acid composition is not very different from that 
of the average morme fish oil In this respect the 
school shark is shown to conform to Lovem’s first 
group from which, however, it must be distmgmshed 
by the presence of much more unsapomfiable matter 
(2 6-31 4%) as compared with usually not more than 
1 or 2 % considered typical of that group 

smnLARY 

1 Studies of the distribution of oil m eight 
specimens of school shark {Qaleorhinus auatrah^) 
showed that the hver, which varied m oil content 
from 23 1 to 60 7 %, contamed from 66 8 to 93 0 % 
of the total oil reserves of the fish Ester fractiona- 
tion analyses of four of the hver oils, and of the 
phosphatide and glycende fractions of the combmed 
head and body hpids, showed that the hver fatty 
acids contamed a higher content of palmitic acid 
and of ^18 unsaturated acids, but less stearic acid 
than the head and body hpids 

2 In regard to most groups of fatty acids the hver 
oils showed great similarity The wider differences 
m content of Cij, Cjo and Cjj imsaturated acids 
amountmg to as much as 6 3 umts % are thought; to 
he outside the experimental error, but variations m 
accuracy shown by the results of various mvesti- 
gators are such as not to preclude such differences 
bemg due to experimental error 

3 Consideration of the variations m the od 
content as a factor m dete rminin g the fatty 
acid composition of G austraha hver oil suggest 
that this fish is not influenced appreciably m this 
way, and thereby presents a stnkmg contrast 
to the teleostean species studied by Rapson and 
collaborators 

The authors wish to thank Mr K E R Gmnmett, 
formerly Chief Agricultural Chemist of the Animal Research 
Division of the Department of Agnculture, WeUmgton 
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New Zealand, for providing faodities for this work, while 
the authors were members of that Division Thanks are also 
due to Prof P W Robertson, Chemistrv Department, 
Victoria Dmversity College, Wellrngton, New Zealand, for 
permitting one of the authors (A P 0 ) to carry out part 
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of this work as a thesis for the M Sc degree in the Umversitv 
of Now Zealand, and to Prof W Davies of the University 
of Melbourne, Austraha, who provided a representative 
sample of Australian school shark hver ods from a number 
of recently prepared samples 
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Studies on Suramin (Antrypol, Bayer 205) 

6 FURTHER OBSERVATIONS ON THE DETERMINATION OF SURAMIN 
IN VTIOLE BLOOD AND SERUM 


Bx HILARY M DEPVEY aito A WORMALL 
Department of Biochemistry and Chemistry, Medical College of St Bartholomeav's Hospital, London 

{^Received 1 December 1947) 


The amount of the trypanocidal drug suramm 
present m the blood serum or plasma of man, and 
any other animal -which has received an mjection 
of the drug, can readily be deterrmned by a 
method prenously described (Dangerfield, Gaunt & 
WormaU, 1938, BoursneU, Dangerfield & WormaU, 
1939) The techmque of this determmation has 
dehberately been made as simple as possible m order 
that the method might be of use m tropical coimtnes, 
even m regions where the simplest laboratory 
facdities are not available The possibfiity has 
always been kept m mmd that medical officers m 
regions weU remov^ed from the central hospitals 
might require blood suramm deter min ations on some 
of their treated tiypanosomiasis patients The drug 
has a very definite prophylactic value, and plasma 
suramin determmations might be made m future on 
large groups of people who have been mjected -with 
the drug before bemg exposed to infection 


Serum and plasma from sureumn -containing blood 
contam the same concentration of suramip, and 
either material serves for the determmation of the 
amount of the drug m the blood Should the serum 
or plasma become grossly infected, howev^er, the 
resultmg bacterial changes might produce ammes 
and other compounds which would -vitiate the 
results Experiments have, therefore, heen carried 
out to determme whether any simple antiseptic can 
be added -to the serum or plasma to preserve it for 
subsequent suramm determmations -without mter 
fermg -with the colonmetnc determmation Expen 
merits have also been earned out -to mvestigate the 
rehabihty of suramm determmations on whole blood 
samples Although these mvestigations were pri- 
marily designed for the ahove mentioned purposes, 
they have also furnished useful information about 
the distnbution of the blood suramm between the 
cells and the plasma 
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JEETHODS 

Summn dderminalion* Those ■iveto earned out ns 
desenbed previously (Dangerfield el al 1938, Boursnell et al 
1939) The volume of each sample was made up to 3 0 ml 
with distilled water before the acid hydrolysis Blanh 
detenninntioris were made on blood serum or plasma to 
which no suramin had been added, and these control 
solutions were placed in the ‘baokmg’ tube of the com 
parotor to compensate for a small amount of ‘ non suramin ’ 
B TTiin e precursor in blood samples 

Some commeroial samples ot suramm when hydrolyzed, 
diaiotized, and coupled with methyl a naphthylamme, gat e 
a shghtly stronger pink colour than did the sample used 
ongmally for the preparation of the Tmtometer discs, i e 
they gave a ‘recovery’ of 101-108%, but this diffionltv 
was readily overcome by standardmng each fresh batch of 
suramin These slight differences between different suramin 
preparations might be partly duo to differences in their 
water content (see also Hawkmg, lOtl) Smee, however, 
all our samples were dried tn lacuo over CaCli, it seems 
more probable that there is a shght vanation m the com 
position of commercial suramin 

RESULTS 

The recovery oj suramin added to whole blood 

Varying amounts of suranun wer© added to de 
fibnnated or oxalatod blood (ox, rabbit and human) 
and determinations were earned out on the whole 
blood, emd m some cases on the separated cells and 
plasma The results of typical experiments (Table 1 ) 
show that the recovery of the added drug is low and 
very vanable Duplicate determmations usually 
gave good agreement, but the percentage recovery 


with an one sample of blood varied with the amount 
of suramm added The latter observation excludes 
the use of a ‘recovery ’ factor for calculating the true 
suramm content of ivhole blood 

It was thought possible that the recovery of 
suramm might be improv ed if the acid hydrolysis of 
the whole blood sample were more ngorous, e g 
by the use pf a larger volume of HCl or by hydro 
lyzmg for 9 lir instead of the customary 6 hr VTiere 
6 ml of HCl were used, the recovery (69-97 %) was 
higher than that obtained with 3 ml , but the differ 
ence was not sufficiently marked to justify this 
change of teclinique An mcrease in the duration of 
acid hydrolysis led to shght or neghgible mcreases m 
the recovery of suramm added to whole blood, and 
more prolonged acid hydrolysis is not desirable smee 
it has been found that further Iieatmg beyond the 
normal 6 hr period leads to loss of the hydroIjTied 
suramm (Dangerfield et al 1938) 

The recovery of suramin added to washed red blood 
cell suspensions Smee there is approximately com- 
plete recov ery of suramm added to serum or plasma, 
it was concluded that the lower recovery with whole 
blood samples was due to constituents of the red 
cells, or more probably to products produced by acid 
hydrolysis of these cells Suramm determmations 
have therefore been made on mixtures of suramm 
and suspensions of washed red blood cells (ox and 
human), agam the recovery was very low 

Possible reasons for the low recovery of suramm 
added to whole blood The low recovery of suramm 
from whole blood samples is apparently due to some 
constituent of the red cell or a product formed by 


Table 1 Eecovery of suramm added to whole blood 


(Swraniiii was dissolved in 0 9 % (w/v) NaCl and 1 0 mL of the solution was added to fresh defibnnated ox or human 
blood or oxalated rabbit blood ) 


Acid hydrolysis 


Type of blood 
Os 


Rabbit 


Human 


Volume 

buramm 

Amount of 



of blood 

added 

10 3n Ha 

Duration 

Recovery' 

(ml) 

(mg) 

(mL) 

(hr) 

(%) 

0 50 

044 

30 

6 

80 



30 

9 

86 



60t 

6 

97 

2-0 

044 

30 

6 

69 



30 

9 

75 



6 0t 

6 

83 

20 

050 

30 

6 

62 



6 0t 

0 

69 

20 

2-0 

3-0 

6 

60 



6 Of 

6 

76 

20 

1 03 

30 

6 

06 



sot 

6 

76 


t Nvnen 6*0 ml of 10 HCI were uaed» the hydrolyzed eolation ’vras diluted with distiUed in 7 ^ 
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hydrolysis of tlie cells, which inhibits the diazotiza- 
tion or coupling, or which reacts with the amines 
derived from sura min Experiments were therefore 
earned out to determine the recovery of suramm 
after its addition to HCl-hydrolyzed blood or red 
blood cells The results showed that quantitative 
recovery was obtamed under these conditions Tlie 
loss appears to occur, therefore, when the suramm is 
heated with HCl m the presence of red cells 


1948 

The preservation of serum for suramin determinations 

Many experiments have been earned out with 
a vanety of commonly used antiseptics to determme 
which are satisfactory for the preservation of serum 
for spbsequent suramm determinations The follow- 
ing antiseptics were added to serum from rabbits 
mjected with suramm, or to normal human serum 
to wluch suramm had been added ether, chloroform 


Table 2 Distribution of suramm added to whole blood 

Suramm added Suramin found (mg /21 ml of the murture, or/ 

Defibrmated m 1 0 ml of fraction obtamed from 21 mL 6f the mixture) 

ox blood 0 9 % NaCl , ^ 

Jlixture (ml ) (mg ) mole blood Cells* Plasma 

A 20 20 0 12 8 1 4 17 0 

B 20 36 24 02 32 

* Por reasons given m the text the cells were not washed, and the small amount of suramm found m them was probably 
present m the plasma adhenng to the cells 


Distribution of added suramin between the red 
cells and plasma of whole blood 

As a prehmmary to an mvestigation on the dis 
tnbution of suramm between the plasma and cells 
of the blood of animals mjected with the drug, 
experiments have been carried out to determme how 
suramm added to the whole blood is distributed 
Suramm (dissolved m a httle 0 9 % NaCl) was added 
to fresh defibrmated ox blood, and samples of the 
well shaken mixture were centrifuged and the plasma 
and red cells separated os completely as possible 
The cells were not washed m this experiment, m 
order to avoid* the loss of any suramm wluch might 
be loosely combmed with the cell membrane, or any 
which might diffuse through the cell wall during the 
washmg The results (Table 2) show that the added 
suramm became associated completely or almost 
completely with the plasma The small amount 
present m the red cell fraction m tlus experiment 
can almost certainly be accounted for by the small 
amount of plasma rema inin g m the unwashed red 
cell fraction 

The recovery of the suramm from the whole blood 
mixtures (64 % for A and 69 % for B) was sumlar to 
that obtamed m other comparable experiments The 
total recovery from the separated plasma and red 
cells, 1 e the sum of the values for the two fractions, 
was qmte satisfactory (92 and 97 %), the shght loss 
bemg due to mcomplete recovery of the small 
amount of the drug present m the red cell fractions 

In other experiments, suramm was added to sue 
pensions of red blood cells to determme whether any 
of the drug became attached to the cells either 
immediately or when the mixtures were allowed to 
stand, with gentle shakmg, for 3 hr The results of 
these experiments, some of which are given m 
Table 3, show that no significant amount of the 
added drug became attached to the red cells 


and toluene (0 3, 0 2 and 0 2 ml respectively/2ml of 
serum), phenol and merthiolate (to give concentra- 
tionsofO 2-0 4and0 018%re3pectively), 10 3 n-HC 1 
(3 ml /2 ml serum) Sura mm determmations made 
on these treated sera after they had been standmg at 
17-26® for periods of 1-6 weeks showed that ether, 

Table 3 Addition of suramin to suspensions of 
washed red blood cells 

(Fresh defibrmated blood was centnfaged and the red 
ceUs washed several tunes with 0 9 % NaCl solution, and 
then suspended m sufBcient 0 9% NaCl to give a volume 
equal to that of the ongmal blood sample 

Mixture A - 20 0 ml of ox red blood cell suspension 
+ 22 1 mg of suramm in 1 ml of 0 9 % NaCl 
Mixtures B and O 20 0 ml of human red blood cell 
suspension + 21 6 mg of suramm m 1 ml of 0 9 % NaCl 
The mixtures were kept at 21° for 16 imn (A and B) or 
3 hr (C) with occasional gentle shakmg, and 6 ml samples 
of each were then centnfuged The cells were washed three 
times with 0 9 % NaCl (3 ml each tune), and the washed 
cells suspended m 0 9 % NaCl to give a final vol of 6 0 ml 
The supernatant solution and washings from each sample 
were combmed, and 0 9 % NaCl was added to give 20 0 ml ) 

Suramm found (mg /21 ml of A, 

B or C, or/fraotion obtamed 
from 21 ml ) 



Suramm 

Original 

Washed 

Super 

natant 


added 

cell 

red 

plus 

Mixture 

(mg) 

suspension 

cells 

washmgs 

A 

221 

17 0 

00 

221 

B 

21 6 

16 8 

02 

21 0 

G 

21 6 

16 4 

02 

20 8 

chloroform 

and toluene are not completely satisr 


factory for preservation , the results usually agreed 
with determinations made before the preservation 
of the serum, but occasionally low results were 
obtamed The HCl treated samples were sometimes 
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satisfactory, as was noted by Hawking (1940 a), but 
they occasionally gave surpnsmgly low results, no 
explanations for tins can be offered at present Tlie 
re^ts with the sera preserved with phenol or mor- 
thiolateiTOre invariably satisfactory Serum samples 
to wluch no antiseptic had been added became 
grossly infected when kept at room temperature for 
1-5 weeks, and they often gave lugli surstmm values 

DISCUSSION 

Determmations of the amoimt of suramin m the 
blood can yield useful information about the pro 
phylactic value of the drug, and about the blood 
level which might reasonably be expected to confer 
imm unity against trypanosomiasis Vierthaler & 
Boselli (1939), for example, found that a concen- 
tration of 1 3 mg of the drug/100 ml of plasma, as 
determined by the method de\ eloped m our labora 
torj^ (BoursneU c< al 1939, Dangerfield oi 1938), 
was sufficient to protect rabbits against mfection 
when mjected with Trypanosoma brvcci Hawkmg 
(1940 a, 6) concluded that defective accumulation 
of the drug in the blood u as one of the mam factors 
responsible for relapses in three patients treated with 
suraimn for African sleepmg sickness , he also found 
that numerous Imng trypanosomes reappeared m 
the blood of one patient even though the plasma 
oontamed 4 6 mg of suramm/lOO ml 
It 18 possible that mvestigators m tropical 
countnes rmght wish to make suramm deter 
mmations, by our method, on samples of whole 
blood, but the low results obtamed m our expen 
ments mdicate that plasma or serum must be used 
to obtam a true picture of the blood suramm level 
Where samples of sera or plasma have to be kept for 
some considerable time before suramm deter 
mmations can be earned out, it is advisable that 
some antiseptic should be added, gross infection 
sometimes produces appreciable amounts of ammes, 
or amme precursors, which cause a high result to 
bo obtamed m the suramm determmation Of the 
hmited number of antiseptics tested by us, phenol 


and mertluolate have proved most satisfactory, and 
it 18 recommended that 0 2 ml of 6 % (w/v) phenol 
or 0 1 ml of 0 5 % (v /v) merthiolate should be added 
to 2 or 3 ml of plasma or serum The use of phenol 
for tlus purpose rmght be specially recommended, 
smee it has been shown (Wormall, 1933) that phenol- 
treated serum con be used for the diagnostio red cell 
adhesion test for human trypanosoimasis (Duke & 
AVaUoce, 1930, WaUace &, Wormall, 1931) 

The long retention of mjected suramm in the 
animal body can be attributed to the combmation 
of the drug with the plasma and tissue proteins In 
view of the ready combmation of the drug with many 
protems (for the hterature see Boursnell & W^'ormaU, 
1939, Dewey & WormaU, 1946, Spinks, 1948), it 
seems rather surpnsmg that no significant amount of 
suramm combmes with the red blood ceUs In our 
experiments, red blood cells took up no suramin 
when they were mixed with suramm solutions and 
left for up to 3 hr , and, in experiments wluch wiU 
be reported later, httle suramm has been found m the 
red cells of the blood of rabbits mjected with the 
drug 

SUjVEMARY 

1 Suramm determmations made on whole blood 
samples, by the method previously found satis 
factory for serum and plasma, show a low recovery 
of the suramm 

2 This low recovery is due to constituents of the 
blood cells 

3 Suramm added to whole blood is almost com- 
pletely confined to the plasma, and none combmes 
with the red cells 

4 The addition of phenol or merthiolate to serum 
samples is recommended if these samples have to be 
kept for some time before suramm determmations 
are made 

The authors are indebted to the Medical Research 
Council for a personal grant to one of them (HMD) and 
for n grant which has partly defirayed the expenses of this 
investigation They are also grateful to Miss E J Wilson 
for help with a few of the determinations 
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The fractionation of starch bj*- precipitation with 
butanol and similar alcohols, first developed by 
Schoch (1942), stimulated research m tlus field by 
providing the first efficient method of preparmg m 
reasonably pure form the components, amylose and 
amylopectin These names hav'e often been apphed 
to the correspondmg fractions obtamed by earher 
methods m various degrees of punt 3 ’', and m con- 
sequence are associated m the hterature with many 
conflictmg statements They are nevertheless re 
tamed here, it bemg understood that amylose, con- 
sistmg essentially, if not solely, of unbranched chains 
of a-glucopyranose umts, is the fraction precipitated 
from starch paste by butanol, amylopectm re 
mainmg m dispersion 

It IS supposed that amjdose is completely hydro- 
lyzed to maltose by )3 amylase, althotigh the evidence 
for this IS not entirely satisfactory, since pure sub- 
strate and enzyme have rarely, if ever, been em 
ployed m the same experiment Tests of the purity 
of starch fractions include the hrmt of )3 amylase 
action, analysis of lodme coloration and potentio 
metric titration with lodme , the first two have been 
extensively employed m this work In the present 
mv'^estigation, attempts have been made to obtam 
pure amylose and amylopectm by the known pre- 
cipitation methods, and if possible to improve upon 
these methods 

Schoch (1942) autoclaved starch paste with butanol or 
tsoamyl alcohol, and later (Schoch, 1946), after autoclaving 
alone, added excess of pentasol, a commercial mixture of 
pmnaiy amyl alcohols The hqmd was cooled very slowly, 
amylose commg out in ciystallme needles or rosettes which 
were separated by high speed centrifugation. It was purified 
by recrystalhzation from the same solvent mixture Amylo 
pectm was precipitated from the mother hquor with 
methanol Autoclavmg is considered by Schoch (1945) to 
be essential to the success of the fractionation, otherwise, 
the fractions are markedly contammated with one 
another 

Haworth, Peat Sagrott (1946) precipitated the amylose 
from non autoclaved starch paste m the cold with thymoL 
The avoidance of autoclavmg is a valuable feature of this 
method, smce mild hydrolytic decomposition of amylose 
and amylopectm, even m 2 hr at 120° at pH 6 as employed 
by Schoch, may be feared. These authors also suggested the 
use of the cycZohexanols os preoipitants, and Whistler d 
Hilbert (1945) that of the mtroparafSns 


EXPERDIENTAL 

Materials Commercial samples of potato starch, the best 
obtamable, were employed One sample gave a paste of 
pH 4 5 By washmg the starch three times with OOOlu 
KjCOj followed by distilled water, the reaction of the paste 
was changed to pH 5 8-6 os required by Schoch (1942) This 
starch yielded about 17% of purified amylose Another 
sample, for example, yielded 20 % amvlose and a less viscous 
starch paste 

Starch was m i x ed to a cream with eold water, and added 
to boding water with vigorous stimng After gentle boilmg 
for 30 mm to yield a homogeneous paste, the latter was 
either (1) treated with 0 05% NaCl and rapidly cooled, or 
(2) heated m an autoclave at 18-20 lb pressure for 2 hr as 
described by Schoch, the NaCl bemg omitted The pastes 
contamed about 1 6 % of starch. 

Determinations of yields of fractions A weighed sample of 
a solution was evaporated to dryness, dried at 104° and 
allowance made for any non carbohydrate constituent if 
present 

Determination of blue value The procedure of McCready A 
Hassid (1943) was followed with slight modification, but 
dificrent umts were employed A solution contauung 1 mg 
of carbohydrate/100 ml and 0 002 % of I. m 0 02 % KI 
was read m a 1 cm cell m a Spokker absorptiometer against 
lodme, using (unless otherwise stated) the 608 filter (6600- 
7000 A transmission), which corresponds closely to that 
employed by McCready Hassid The readmg under these 
conditions is the blue value In some mvestigations, other 
filters, u g 607 (6900-6300 A ), were also employed (see 
text) 

Fractionation procedure 

Prehmmary experiments yielded 23 % of crude and 17 % 
of fully purified amylose from one potato starch by Sohooh’s 
(1942) method, usmg butanok Purification was achieved 
by redissolvmg the crude amylose to 0 7-1 0 % concen 
tration m hot water saturated with butanol, and coohng 
from 80° or 90° over a period of 3-6 hr The precipitate was 
washed with butanol saturated water untd the washmgs no 
longer gave any colour reaction with L, redissolved at 80°, 
reprecipitated and washed Three reprecipitations, mvolvmg 
nin e washmgs, yielded a product from which no more 
amylopectm could be extracted, as mdicated by the absence 
of lodme coloration or dissolved carbohydrate m the mother 
hquor 

Amylose precipitated by thymol (Haworth el al 1946), or 
cyclohexanol followed by thymol, was separated as soon as 
possible by centnfugmg, redissolvedm hot butanol saturated 
water, reprecipitated and washed several times as described 
above 
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The ongmal mother hqnor -svns concentrated in vacuo and 
the amylopectm precipitated with ethanol I’oammg 
created difficulties when thymol had been used, and the 
evaporation was sometimes omitted 

The best amylopectm was obtamed as follows To 1 &-2 % 
starch paste (prepared with NaCl as m (1) above) ci/do- 
hexanol was added, drop by drop with stimng, up to 0 15- 
0 2 % of the paste Stuxmg must not be contmued untd the 
paste becomes nulky After standing 3 days, 0 15% of 
powdered tbymol was brought mto suspension by gentle 
Btimng The amylose precipitated within 2 days and was 
separated by centnfngmg The amylopectm had a blue value 
of about 0-02, whereas that from the thymol precipitation 
alone was about 0-025-0 03 If stunng inth cycZohexanol 
mcreases the opalescence of the paste the resultmg amylo 
pectm IS fouild to have an mcreased blue value 

Precipitation of amylose from starch paste by the method 
of Haworth et al (1946), followed by rapid drying, gave 
a product which was only slightly soluble m water The 
ongmal centrifuged preparation could, however, be purified 
by recrystalhzation from butanol saturated water, which 
was preferred to thymol water for this purpose In effect, 
it was thereby converted mto the more stable butanol com 
plex, and it was usually stored m this form without drymg 
There appears to be no necessity to heat the starch paste 
under pressure before precipitatmg the amyloSe, even if 
butanol is used Two preparations of amylose were earned 
out by butanol precipitation, the one from paste autoclaved 
for 2 hr at 120°, the other from paste which never rose above 
90° at any time The latter gave some trouble, but the re 
dissolved amylose was successfully separated from remnanta 
of burst starch granules, which could not be easily removed 
from the ongmal paste The two amylose preparations were 
readily soluble, and gave similar blue values (0 33), but that 
from autoclaved paste was hydrolyzed by jS amylase much 
the faster, each reaohmg the same hmit The corresponding 
amylopectms possessed identical blue values (0 024), and 
hydrolyzed at almost the same rates, the 120°\preparation 
only slightly the faster 

So far as the amylose was concerned it did not greatly 
matter which precipitant was used, butanol, thymol or 
cycZohexanol followed by thymol, provided that the 
separated complex was promptly washed and recrystalhzed 
from butanol water In one instance, usmg the same non 
autoclaved starch paste, butanol and thymol precipitations 
were performed side by side The butanol amylose re 
crystallized three times, gave a 17 2% yield, blue value 
(b V ) 0 355 Thymol precipitated amylose, recrystalhzed 
three times from butanol water, gave a 17 7 % yield, 
B V 0 345 The hght absorptions of the respective blue 
hqmds were almost identical from 4300 to 6800 A However, 
the th}Tnol preparation gave the lower absorption from 
5800 to 7000 A Under the same conditions, both amyloses 
hydrolvzed at the same rate with p amylase, and reached the 
hmit of 99 6 % of theoretically obtamable maltose 

The crude thymol amylose was bulky and did not adhere 
to the walls of the vessel bnt after recrystalhzation from 
butanol water it occupied only 40% as much space as 
before and adhered to the walls It undenvent no further 
change in these respects dunng further recrystalhzations 
from butanol water It was found unsatisfactory to leave it 
long in contact with thymol water as it lost solubihty and 
affinity for I. 

The butanol amylose complex, on heatmg with water 
saturated with butanol begms to disperse at 05° to form an 


opalescent solution which clears at about 73° On ooohng 
slowly the phenomenon of supercoohng may be observed as 
far down ns 35° 

Schoch (1942, 1945) stipulated that the reaction of potato 
starch paste must be about pH 5 9-6 3 for successful 
fractionation In this work, there wore mdlcations that 
wider vanations m pH were permissible, mdeed, successful 
precipitations from non autoclaved paste were effected even' 
at pH 4 1 and 9 Bnt certam differences m behaviour were 
noted m extreme cases Thus, amylose precipitated from 
non autoclaved paste by butanol, thymol or cj/clohexanol 
followed by thymol, brought by HCl addition to pH 4 1, 
was more easily washed and freed from amylopectm than 
m parallel precipitations at pH 6 and 9 It also showed a 
greater tendency to retrograde m neutral, hot aqueous 
solution, and when dried on a watch glass it was opaque 
It was hydrolyzed by j3 amylase m dilute solution faster 
than amylose precipitated at pH 6 or 9 hydrolyzed under 
identical conditions 

No significant differences were noted m the amylopectms 
except that the lowest blue values were obtamed m the 
cyrfohexanol -f thymol method (Table 2) 

RESULTS 

General properties of amylose 

Amylose forms axoscous solution xvhen concentrated, 
■which may cool to a gelatmous consistency Solu 
tions of over 0 6 % retrograde fairly readily, and this 
has been a source of difBculty m pre-vious work 
Whenever amylose approachmg a high degree of 
punty has been prepared m these laboratories, e g 
by electrophoresis, retrogradation has been hable 
to occur, rendermg the product permanently m- 
soluble m water and useless for many purposes 
Precipitates from hot solutions on coohng may not 
be retrograded material, but may redissolve -with 
more hot xvater Retrogradation may be avoided by 
high temperature, low concentration, mamtenance 
of neutral pH, and over long periods by preser- 
vation m the form of a domplex with butanol, 
thymol and mtroparafBns Recrystalhzation from 
butanol water need not mvolve a coohng period 
greater than 3-5 hr In the form of the butanol 
complex, 1 e m the presence of butanol saturated 
water, even the purest amylose is stable for months 
and shows no signs of retrogradation The super- 
natant hqmd m such a case contains less than I mg 
solid ma'tter/lOO ml and gives only a yellow colour 
with lodme 

Cntena of punty of amylose 

The distmction between the lodme colorations of 
amylose and amylopectm consists essentially m the 
intensity of the blue While amylopectm sho'ws no 
great variation from 6000 to 8000 A , amylose ex- 
hibits a marked mmimum transmission near 6000 A 
Kerr (1944) places this at 6000-6200 A for potato 
amjlose which corresponds to hght filter 607 as 
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used witli the Spekker absorptiometer For different 
preparations we ha\e found from 5800 to 6100 A , 
the highest readmg on the absorptiometer bemg 
obtamed with the 607 filter After malong allow 
ance for variation m experimental error when usmg 
these filters, the one should be chosen ■nhich gives 
the greatest numerical difference between amylose 
and amylopectm This is when the need is to 
characterize different preparations of amvlose or to 
measure amylose present as an impurity m amylo- 
pectm For the reverse purpose, that of measurmg 
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blue value of both the amylopectm wluch remains 
contammated with it and the amylose winch has 
lost it A perfectly representative sample of am j lose 
cannot be obtamed unless the first precipitation is 
performed m the right way 

The blue value was found to be imaffected by 
small quantities of butanol and maltose It is 
chiefly influenced by the temperature at the tune 
of readmg, and by the conditions imder which the 
amjdose has been crvstaUized from solution, and, 
generally, the amoimt of exposure it has had to hot 


Table 1 Blue lahtcs of amylose after various periods of heating and cooling 

Blue values 


Onginal sample dissolved, heated, 
saturated mth butanol and cooled 



Light 


/ 

A 




filter 

Onginal 

From 70° 

From 90° 

From 90° 


(no) 

sample 

in 3 6 hr 

m 3 6 hr 

in 1 6 hr 

Solution m cold water 

608 

0 348 

0 318 

0 336 

0 362 


007 

0 361 

0 336 

0 360 

0 369 


600 

0 292 

0 286 

0 290 

0 298 

Solution held nt 90° for 10 nun 

008 

0 339 

0 316 

0 330 

0 360 

before testing 

007 

0 360 

0 336 

0 340 

0 364 


006 

0 291 

0 277 

0 287 

0 296 

Solution held at 90° for 30 nun 

008 



0 302 

0 330 

0 316 

before testing 

607 

— 

0 332 

0 348 

0 336 

000 

— 

0 272 

0 287 

0 277 


Filter 608, 6500-7000 A, 607, 6900-6300 A , 600, 6700-6900 A 


amylopectm or red lodme complexes m amylose, the 
filter selected should transmit hght of about 4800- 
6000 A , the 603 filter bemg mdicated. 

Failure to remove amylopectm or other carbo 
hydrate by recrystaUization from coohng butanol- 
water solution is an mdispensable criterion of punty 
The process should be accompamed by no change m 
blue value (so long as recrystaUization is brought 
about under the same conditions and is complete) 
Short of adequate mvestigation of molecular 
structure, perhaps the best further entenon avail- 
able to us IS tbe completeness qf hydrolysis by pure 
/? amylase together with some kmetic features of 
this hydrolysis which are dealt with m a separate 
commumcation 

The blue value is of use durmg the process of 
freemg amylosq from adherent amylopectm, and its 
value rises to a maximum durmg successiv e recry- 
stalhzations But the value may be different m one 
preparation from that of another and seems to 
depend both on the imtial conditions and on those 
of the final recrystaUization 

Some amylose is normaUy left behmd m the 
amylopectm, probably relatively low molecular 
amylose, which is difficult to remove That fraction 
of the native amylose which is not precipitated m the 
first instance wiU vary from process to process, and 
from precipitant to precipitant, and wiU mfluence the 


water Table 1 shows a senes of values (measured 
with three filters) of one specimen dissolved and 
recrystaUized under different conditions The pro 
ducts (butanol complex) were each dissolved m three 
ways These results mamly sen e to show that, withm 
the range of the experimental conditions, the slower 
the coolmg the lower the blue value A smaUer 
mfluence is exerted by conditions of dissolvmg, 
standing at 90° lowermg the value Evidently, 
these conditions must be controUed if the blue value 
IS to be used as a entenon 

From this and other experiments it appears that 
when amylose is unduly exposed to hot water a part 
may precipitate, this bemg irreversibly insoluble 
(retrogradation), wliilst more may be changed but 
remam m solution The solution now exhibits a 
lower blue value than before and can no longer be 
hydrolyzed to 100 % of maltose by p amylase Tlie 
same untrue ot amylose which has been precipitated 
and washed by ethanol and ether It is less soluble 
m water and the soluble portion has a lower blue 
value than before this treatment This changed, 
soluble amylose is apparently related to the natural 
amylose much as denatured protem is to the corre 
spondmg native form On the other hand, retro 
graded material would seem to correspond to pro 
tern which has been both denatured and coagulated 
The blue value is not related to the mean cham 
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length of the molecules, but to the e'^tent of de 
naturation As amylose is piuified it shows an 
mcreasmg tendency to retrograde 

Eecrystalhzation from hot aqueous solution by 
half saturation with butanol effects no fractionation 
of amylose so far as is mdicated by blue \ alues, 
provided that two conditions are fulfilled The pre 
cipitated portion and that remauung m solution 
must each be separately recrj^stallized from hot 
butanol saturated water and redissolved under the 
same conditions, and there must be no denaturation 
If there are any signs of retrogradation, such ns 
marked opalescence, the unprecipitated fraction is 
found to have a lower blue value than the pre 
cipitate, e g 0 310 as against 0 340 

Punficatwn and properties of amylopectin 

Amylopectm was not further punfied or its blue 
value lowered by reprecipitation by thymol, butanol, 
acetone, chloroform, or thymol ci/clohesnnolmixture 
m equal parts, by shakmg to facihtate retrograda- 
tion of amylose or by filtration through cotton The 
latter adsorbed added amylose, however The blue 
value was not altered from that of the first amylo 
Iiectm precipitate, although this value varied 
markedly accordmg to the original method of pre 
oipitating the amylose Tliua, purer amylopectm was 
obtained by precipitation with thymol than with 
butanol, and still better with c!/cZohe'5anol followed 
by thymol 

Presumably, the amylose remammg entangled 
with the amylopectm consists of short molecular 
chains which the precipitant fads to pick out 
Various precipitation procedures were tried For 
example, ethanol was added to 1—2 % of amylo- 
pectm m 0 06 % NaCl until a cotton-hke precipitate 
(I) was formed. This was separated and the mother 
hquor allowed to stand In the course of the 
followmg days a further precipitate slowly formed 


(ppt H) The results m Table 2 suggest that a little 
contammated amylose was preferentially removed 
with the first precipitate, but neither preparation 
IS considered to be entirely free from amylose 

Amylase mdicated no difference between the 
first and second precipitates, which hydro- 
Ijczed at the same rates and reached the same 
limits 

Amylopectm is m general hygroscopic It adheres 
BO strongly to glass or porcelam that m the course of 
drymg the shrmkmg material picks particles of glass 
from the surface of the vessel This is specially 
noticeable on coohng the dried amylopectm, the 
differences m thermal expansion of glass and amylo 
peotm cormng mto operation 

SIBEVLARY 

1 Amylose and amylopectm have been prepared 
from non autoclaved potato starch paste by suc- 
cessive additions on alternate days of cycZohexanol 
and thymol, which, on the whole, gave the best 
results, and by the methods of Schoch and of 
Haworth, Peat & Sagrott 

2 No great differences were noted among the 
products obtamed by use of three precipitants 

3 There is no advantage to be gamed by heatmg 
the starch paste under pressure If this is ormtted 
a fauly wide range of pH may be tolerated at the 
time of precipitation, but the amylose produced 
under acid conditions showed the greater tendency 
to retrograde m neutral solution 

4 Preparatidns of amylose with 17 tunes the 
blue value, as measured on the Spekker absorptio 
meter, of the corresponding amylopectm have been 
obtamed 

5 The blue value of amylose is greatly infl uenced 
by the method of recrystalhzation from butanol- 
saturated water, and by the period of heatmg when 
re dissolving 


Table 2 Blue values of amylose and amylopectm 



pH at 
tune of 

Precipitant 

precipitation 

Butanol 

4 1 


60 


94 

Thymol 

41 


00 


94 

ci/cZoHexanol followed by thvmol 

41 


00 


84 


Blue values 




Amylopectm 



t 

» 

Ethanol precipitates 

Amylose 

Crude 

I 

n 

0 285 

— 

0 028 

0 026 

0 310 

0-024 

— 



0 320 

— 

0 027 

0 025 

0 302 



0 029 

0 025 

0 332 

— 




0 342 

— 

0 028 

0 026 

0 318 



0 028 

0 022 

0 336 

0 021 




0 334 

— 

0 027 

0-023 
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6 Exposure of amylose to hot water brmgs about 
changes even m the portion which does not retro- 
grade The blue value falls and jS amylase action is 
mcomplete 

7 Amylopectm was not so successfully purified, 
but firactional precipitation with ethanol freed it 
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shghtly from amylose winch had escaped the first 
precipitation 

The authors are indebted to Mr L E Hamson for 
assistance m experimental work One of ns (B J ) is m- 
dehted to the British Council for financial assistance 
which enabled this work to he performed 
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It has long been known that almost all natural 
starches contam a constituent winch can be h 5 ’'dro 
lyzed to completion by p amylase It has been given 
various names, that of amylose bemg the one used 
here It is only m qiute recent j^ears that amylose 
has been prepared m a state ofpunty (Schoch, 1942, 
Haworth, Peat & Sagrott, 1946) )3 Amylase has 

usually been reported as promotmg the hydrolysis 
of amylose to 90-100% of maltose, but many of 
these figures may be abov e the truth Often, it has 
not been made clear whether the figure reported 
referred to maltose expressed as a percentage of the 
moisture free starch used or of the maltose theo- 
retically obtamable from it The absence of glucose 
from the products has been assumed, although many 
preparations of jS amylase contam maltase Lastly, 
it IS rare that the )3 amylase has been demonstrated 
to be free from a amylase and from maltase 

In this work, the purest amylose and )3 amylases 
obtamable have been mvestigated with special 
attention to the kmetics of the reaction and a 
hypothesis is advanced to accoimt for the facts 

IMATERIALS AND IMETHODS 

Substrates The vanous preparations of amylose are 
described elsewhere (Hopkms & Jehnek, 1948) Solutions 
not exceeding 0 9 % concentration were prepared by heatmg 
the butanol amylose complex m water until the butanol was 
driven off 

Blue value (b v ) The procedure of McCready & Hassid 
(1943) as modified by Hopkins & Jehnek (1948) was em 
ployed 

Bed value (b v ) This was measured m the same way as 
the B V , except that filters 602 and 603 were used with the 


Spekker absorptiometer It was found of advantage, how- 
e\er, to increase the lodme concentration from 0 002 to 
0 008% 

Enzyme preparations /5 Amylase was prepared (1) from 
well ripened barley as described by Hopkms, Murray A 
Lockwood (1946), (2) from soya beans by the method of 
Newton Naylor (1939) and Newton, Hixon A Naylor 
(1943) Both specimens were tested and found to be free 
from maltase activity under the appropriate conditions of 
use The limits of hydrolysis of starch pastes were 57 % of the 
theoretical maltose (R„ = 57%), and the preparations were 
considered to be free from a amylase 

Reaction mixtures These were as employed by Hopkins 
etal (1946), but contained varying concentrations of amylose 
as stated m the tables, and were buffered at pH 4 6 for 
barley and pH 6 8 for soya amylase Progrpss of hydrolysis 
at 25° was determmed as described by Hopkins et al (1946), 
except that the hypoiodite titration was found not to be 
wholly satisfactory in the presence of certam antiseptics or 
if a trace of butanol was present In such cases, the method 
of Cole (1933) was substituted, the femoyamde bemg cab 
brated agamst maltose Withdrawals fixim the reaction 
mixture were made mto boiling water 

Calculation of the values of ‘I’ as if the reaction were 
monomolecular revealed that these dechne progressively 
and markedly through the reaction As is shown later, there 
was no theoretical reason for expecting monomoleculanty 

For the determmation of the aflfimty constant, a senes of 
flasks was set up conta inin g varying concentrations of the 
amylose (about four flasks for each concentration) AU 
flasks contained identical concentrations of enzyme and 
buffer After em table mtervals of time (estimated firom a 
pilot experiment) pH 10 buffer was added to the respective 
flasks to check the reaction and the maltose determmed by 
titration The velocity of reaction v (mg maltose/lOO ml / 
min ) was obtamed for each concentration of amylose sub 
Etrate from the mitial slope of the progress curves 
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RESULTS 

Tlie lumt of action iras usually 99% R„, the full 
100 % being obtained in some cases An example is 
given m Table 1 The final reaction mixture from 
this experiment was concentrated after distilhng off 
traces of antiseptics Tlie reducmg power m a 
sample was determmed by hypoiodite titration 
After making allowance for weight and reducmg 
power of the enzyme, the results mdicated pure 
maltose was found to be +136° 

Table 1 Action of p amylase (soya) on 
potato amylose (b v 0 332) 


(Concentration of omyloae in reaction mixture 0 41% ) 


Reaction 

%of 

theoretically 

obtamable 

Reaction 

%of 

theoretionlly 

obtamable 

time 

maltose 

time 

maltose 

(hr) 

IRJ 

(hr) 

(^m) 

06 

49 3 

30 

85 4 

100, 

62 7 

35 

884 

133 

68 5 

40 

89 3 

1 5 

71 0 

50 

92 8 

176 

741 

20 

97 6 

20 

' 76-4 

90 

09 1 

26 

82 2 

102 

100-0 


Amylose prepared from autoclaved starch paste 
(120° for 2 hr at pH 7, Table 2, no 1) imderweut 
hydrolysis about 1 6 times as fast as that similarly 
obtamed from paste prepeired at 90° (no 2), but 


each reached the same hmit It may be remarked 
that the amylopectms prepared at the same tune 
underwent hydrolysis at substantially the same rate 
as one another 

The reaction of the starch paste at the tune of 
crystalhzation of amylose influenced the rate at 
which the amjdose subsequently became hydrolyzed 
at pH 6 8 Of the amyloses m Table 2, one senes, 
nos 3, 4 and 6, had been precipitated respectively 
at pH 4 1, 6 0 and 9 4 by butanqj, whilst nos 6 
and 7 constituted a parr precipitated at pH 4 1 and 
9 4 respectively by eyeZohe vanol followed by thymol 
Tlie choice of precipitant proved to be relatively 
unimportant, but the amyloses precipitated at acid 
reaction underwent hydrolysis the most rapidly 
Associated with their habihty to retrograde, dis- 
cussed elsewhere (Hopkins & Jehnek, 1948), they 
faded to reach as advanced a limit of hydrolysis as 
the other samples No 3 partly came out of solution 
m hot water on two occasions before enzyme action 
was commenced The substrate remammg m solu- 
tion was hydrolyzed to an even lower hmit (no 8) 
than the whole sample (no 3) Dunng heatmg, 
some had precipitated, but more had been changed 
(‘denatured’) mto a form less susceptible to p 
amylase The purer, le the more ‘native’ the 
amylose, the more completely it is hydrolyzed and 
the lugher its blue \ alue (Fig 1) 

The results m Tables 1-3, e g nos 1 and 2 of 


Table 2 Action of p amylase {soya) on potato amyloses 
(Only reaction mixtures of a given senes as menboned in the text received identical quantities of the enzyme ) 
(Results as percentage of theoretically obtainable maltose ) 

No of amylose 
sample (see text) 

Feature of its 
preparation 

Blue value 
% Amylose m 
reaction mixture 

' Time 

10 min 
20 mm 
30 mm 
40 min 
00 min 
00 mm 

120 mm 
160 mm 
180 mm 
210 mm 
240 mm 
300 mm 
300 mm 
435 mm 
405 min 

11 hr 
24 hr 
Limit 


1 

2 

3 

4 

6 

6 

7 

8 

0 

Paste 

Paste 

Pre 

Pre 

Pre 

Pre 

Pre 

No 3 


heated 

heated 

cipitated 

cipitated 

cipitated 

cipitated 

cipitated 

partly 


at 120° 

at 00° 

at- 

at 

at 

at 

at 

retro 




pH 4 1 

pH 6 

pH 9 4 

pH 4 1 

pH 9 4 

graded 


0 322 

0 332 

0 285 

0 310 

0 342 

0 308 

0 326 

0 262 

0 327 

0 61 

0 46 

0 68 

0 60 

0 68 

0-25 

0 26 

0 42 

040 

26-0 

19 6 

19 9 

14 8 

12 8 

20 1 

13 3 

26 0 


444 

29 3 

— 

24 2 

— 

37 0 

22 4 

— 

— 


62 8 
017 
00 4 
73 8 

70 6 
61 3 

82 4 

83 1 
84-4 


37 0 
40 7 
660 

647 
66 7 
72 0 
74 0 
77 4 
80 4 


63 2 


07 4 


98 0 
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916 
04 0 


37 2 
46 4 
66 1 
00 3 

69 6 


76 0 


016 


32 6 
40 1 
47 6 
542 

02 6 


72 0 


640 
63 9 

81 6 

80 0 

87 3 

88 3 


— 47 4 

37 2 — 

46 0 — 


62 3 

69 3 

75 1 
82 2 


78 0 


05 0 
08 0 


92 5 
94 8 


96 0 
90 0 


82 6 
855 


13 4 


26 7 
29 6 
33 8 
349 
442 
62 2 


3 
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Table 3, and the cim es A and B of Fig 1 show that 
the rate of hydrolysis is ne^ er constant but declines 
steadily Except m the case of the partly ‘de- 
natured ’ amylose samples (e g nos 3 and 6 of 
Table 2) there is no sudden break m the curve if 
percentage maltose is plotted against tune Tlus 



Fig 1 Progress of hydrolysis of atnylosa by ^ amylase 
(soya) The curres beyond 5 hr were mterpolated, making 
use of later readings which are not withm the range of the 
graph. Curve A From Table 2, no 5 Lunitmg % 93 
Curve 5 From Table! Limitmg%100 Curve C From 
Table 2, no 6 (partly denatured amvlose) Limitmg % 95 

means that there is no eyudence from our results of 
any branched or lammated chains m amylose, as 
has been suggested by other workers who observed 
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such breaks These do occur, howey er, with partly 
‘denatured’ amylose samples, and the hydrolysis 
does not reach the full 100% (Fig 1, cune C) 

1/y 



Fig 2 Imtial velocity substrate concentration relationship 
plotted according to the procedure of Lmeweaver & Burk 
(1934) for the system J3 amylase (soya) amylose For 
amylose preparations A-B mclnsive, see text 



r (max velocity) 

(mg maltose pro 
duced/lOO ml /mm ) 


A 

12 0 

1 17 

B 

6 45 

0 63 

C 

6 25 

0 86 

D 

6 05 

045 


Retunung to the steady dechne m velocity, this is 
more pronounced than if the reaction were mono 
molecular At the same time the p am 3 lase amj lose 


Table 3 Aclton of f-amylase {barley) on jjoiato amylose 
(Kesults as percentage of theoretically obtamable maltose ) 


No of sample (see text) 

Feature of its preparation 

Blue value 

% Amylose m reaction mixture 
Time 
15 min 
30 mm 
45 mm 
60 mm 
90 mm 
120 mm 

ISO mm 
240 mm 
300 mm 
360 min 
420 mm 
480 mm 
24 hr 
Limit 


1 

Precipitated by thymol 
(not autoclaved) 

0345 
0 72 


75 
12 2 
16 4 
201 
26 3 
31 7 

52 4 


97 1 
99 5 


2 

Precipitated by butanol 
(not autoclaved) 

0 355 
0 72 


11 9 

20 0 

340 
444 
‘ 53 8 
61 4 
' 68 5 
74 2 
77 7 

100 0 


3 

Mixed samples 

0 336 
0 63 


22 2 
32 6 

45 6 
63 2 
58 9 
66 8 
72 2 
75 8 
79 2 


94 8 
100 0 
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system complies with the Michaehs & Menten formu- 
lations m certam respects, smce on. plotting rp 
ciprocals of velocity (l/v) against those of concen 
tration (l/x) straight lines were obtamed (Fig 2) 
Tlie values oi (the affinity constant) and F (the 
maximum velocity attamable) were deduced by the 
usual procedure (Lmeweaver & Burk, 1934) It is 
mterestmg to note that the affimty constants varied 
with epeoimens of amylose accordmg to the con- 
ditions of precipitation The ‘amylose A' (Fig 2) 
was precipitated from potato paste prepared at 100“ 
by the addition of cycfohexanol (0 16 %) and thj'mol 
(0 16 %) simultaneously at 26° followmg the sug- 
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Michaehs formula Tlus is associated probably with 
* denaturation ' of the amylose under such conditions 
When amylose is undergomg hydrolysis with 
amylase the molecular ohams are bemg progressively 
shortened By withdravring a portion of the re 
action mixture, stopping the hydrolysis in it and 
recovermg the residual polysaccharide by the 
butanol precipitation method, specimens were 
obtamed of amylose m such stages of degradation 
These m turn, when set up m identical reaction 
mixtures, were found to be hydrolyzed at widely 
different rates, the less degraded the amylose, the 
faster it underwent hydrolysis (Table 4) Tlie paytly 
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Table 4 Actwn of ^ amylase on amylose, premmisly partly degraded 
(Reaulta aa percentage of theoretically obtainable maltose ) 


No of sample (see text) 
hlue value 

% Substrate m reaction mixture 
Tune 

12 mm. 

22 min 
44 mm. 

60 nun 
90 nun 
160 nun 
210 mm. 

300 mm. 

20 hr 01 8 


E 

F 

a 

0 336 

0 327 

0 339 

0 322 

0 330 

0 316 


20 6 

16 6 

37 7 

30 0 

21 8 

61 6 

44-4 

31 7 

67 7 

47 6 

32 6 

62 0 

— 

— 

73 6 

609 

440 

70 2 

69 6 

61-0 

85 9 

76 6 

66 2 

95 6 

89 9 

853 


Ongmnl 
0 327 
0 324 


24 0 
68 5 


gestion of Haworth etal (1940) Amylose separated 
in 3-5 daj’s and was removed (‘amylose A ’) The 
residual paste was then heated to 100“ and cooled 
slowly, more amylose separatmg (‘amylose ff’) 
Each amylose was purified as descnbed by Hopkins 
& Jelmek (1948) The first fraction to precipitate (A) 
gave the higher value of , but as is expressed 
as a percentage and not as molanty (the mean 
molecular weight being imknown) this does not 
necessanly mean that this amylose possessed less 
affimty for ^ amylase than the other Evidence to 
be cited later mdicates that the larger the amylose 
molecules the faster do they hydrolyze Tlus agrees 
with the high value of V for the first precipitate, 
the assumption bemg that it was the longer cham 
molecules wluch aggregated and came out of the 
paste the more readily 

Specimens C and .D (Fig 2) refer to two amylose 
‘fractions’ prepared from one purified sample by 
partial saturation of its hot aqueous solution with 
butanol and slow coolmg Half of the amylose (O) 
separated from solution and was centrifuged off 
The rest was recovered bv full saturation (£>) Agam, 
the more precipitable fraction gave the lugher value 
of and of T’' Endently the numerical i alue of 
K„ for amylose and ^ amylase lanes widely ac 
cordmg to conditions of preparation It may bear 
a relationship to mean chain length Tliere are in- 
dications that m relativ ely' concentrated solutions of 
nniy lose, v does not increase ns predicted from the 


hydrolyzed specimens were obtamed by withdrawal 
from reaction mixture no 9 of Table 2, JS7 at 13 9 % , 
F at 44 2 % and (? at 69 % (after 46 hr ) It seems 
clear that the further amylose is degraded by )5- 
amylose, the more difficult it becomes for the 
amylase to hydrolyze it, assummg that no change m 
molecular character has occurred durmg the re- 
covery of the partly Iiy^drolyzed fractions 

For the expenmentsT^ported m Table 6 enzyme 
action was checked by withdrawing samples and 
runnmg mto alkali instead of bodmg water, smce 
boilmg may change the blue i alue of amylose The 
jiercentage hydrolysis was determmed by hypoio 
dite, and, after calculation of the concentration of 
residual polysaccharide, the hqmd was diluted and 
used for the measurement of blue and red values 
It was ascertamed tliat these -values were not m 
fluenced by the presence of maltose or the enzyme 
preparation Samples H and K were prepared from 
amy lose m the same way as B and A respectively of 
Fig 2 Sample S -was a normal sample, whilst K 
had been very shghtly ‘denatured’ as shown by its 
behaviour 

Filters 602 (4300—4700 A transmission) and 603 
(4700-5100 A ) may be regarded as transmittmg 
hght which will be absorbed by redhqmds 'Rea din gs 
m the Spekker absorptiometer usmg these filters are 
therefore ‘red -values’ and -will be relatively high 
m the presence of amylopectm or of de-rtrms of 
cham length about 7-12 glucose umts On the other 

3 2 
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hand, with filter 607 (5000-6300 A ) scarcely any 
absorption by red solutions is measured, and with 
filter 608 none at all With the latter filters, the 
absorption by amylose of greater mean cham length 
than 12 IS measured Onlj' the values with filters 
603 and 608 are recorded, but m several experiments 
a close parallel was obser\^ed between the 602 and 
603 readmgs and also between the 607 and 608 
readings 
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expected smce the formation of- the reaction firo 
duct, maltose, is not accompanied by a corre 
sponchng dimmution of the molar concentration of 
the substrate The percentage concentration of the 
latter dimimshes, yet the molar concentration re 
mams unaltered until one or more chams m the 
system become too short for further hydrolysis, 
either m the form of maltose or a tnsacchande If 
all amylose molecules vere attacked with equal 


Table 5 Changes in blue and red values of residual polysaccharide during hydrolysis 


(Hydrolysis m percentage of theoretically obtaaiable maltose ) 


Sample 
% Amylose m 


H (normal sample) 
0 04 


K (sbghtly ‘denatured’) 
0 62 


reaction mixture 


Time (min ) 

t 

Blue value 

Red value 

Ratio 

/ 

'Blue value 

Red value 

Ratio 

Hydrolysis 

(61ter 608) 

(filter 603) 

608/603 

Hydrolysis 

(filter 608) 

(filter 603) 

608/603 

0 

0 

0 346 

0131 

264 

0 

0 327 

0 127 

2 56 

40 

66 0 

0 327 

0 130 

2 62 

63 4 

0 282 

0 117 

2 41 

70 

66 5 

0 310 

0 120 

2 40 

61 1 

0 268 

0 107 

2 41 

100 

74 3 

— 

— 

— 

67 6 

0 247 

0 102 

2 42 

130 

78 6 

0 280 

0 120 

2 33 

72 2 

0 230 

0 100 

2 30 

160 

82 0 

0 255 

0 114 

2 24 

75 2 

0 199 

0 090 

0 0 ] 

240 

88 6 

0 220 

0 109 

2 02 

81 9 

0 164 

0 077 

2 13 

300 

92 2 

0 179 

0100 

1 79 

86 0 

— 

0 066 



360 

03 8 

0 128 

0 084 

163 

88 0 

0 084 

0 048 

1 76 

420 

95 0 

0 078 

0 069 

1 13 

89 8 

0040 

0 039 

1 03 

600 

96 9 

0-059 

0 076 

0 77 

90 7 

0 02J 

0 032 

0 66 


DISCUSSION 

In explanation of the various observations reported 
above the followmg hypothesis is advanced Amy- 
lose consists of a mixture of cham molecules of 
.various lengths, 1 e of a homologous series, the 
majority, accordmg to the law of distribution, bemg 
of mtermediate length All but the relatively very 
short ones possess approximately the same blue 
value Fractional precipitation, both from starch 
paste and from purified amylose, brmgs out the 
longer chams first, the shorter needmg more drastic 
conditions to pick them out from the amylopectm, 
or to aggregate and crystaUize them from aqueous 
solution Heatmg changes the coiled pattern of 
the native macromolecules and renders them less 
blue m presence of lodme, less soluble m water 
and less completely hydrol 5 -zable by )3 amylase 
With prolonged heatmg irreversible retrogradation 
occurs 

The longer chams are attacked preferentially and 
the more rapidly by ^ amylase The action of p 
amylase is m one respect different from most 
enzymic 'reactions m which a smgle substance is 
decomposed Successue maltose molecules are 
formed by the removal of two glucose groups at a 
time from the non reduemg end of the cham, a mole- 
cule of polysaccharide and a molecule of maltose 
bemg formed m each mdividual reaction Tlie more 
usual kmetics of an enzyme reaction cannot be 


readmess, irrespectn e of cham length, a zero order 
reaction ■<9-ould be expected, whatever the concen- 
trations of substrate and enzyme employed This 
would persist until the shortest chams were ex- 
hausted and, unless the substrate was smtably 
dilute, until mliibition by reaction products or m- 
activation of the enzyme mterfered A zero order 
reaction, however, is never observed, not even with 
the lughest concentrations of substrate employed 
On the other hand, if v e assume that the longer 
the cham the faster it is hydrolj-zed, we should 
expect a steadily declmmg rate of reaction, as is 
mvanably obsen-ed It could not be of zero order 
over any appreciable percentage of hydrolysis But 
there is no reason to suppose that it would be mono 
molecular With low concentrations of substrate and 
fast reactions the value of ^ should actually fall, 
as was usually observed A consideration of the 
results m Table 4 will make this clear /Amylose O 
must have possessed a mean cham length of about 
one third of that of S, smce it had prenously been 
hydrolyzed by p amylase to 69 % , compared with 
13 % for E As each was now freshly hydrolyzed af 
the same percentage concentration, the molanty of 
O m the reaction rmxture must have been about 
three tunes that of E At the concentration em- 
ployed, 0 32 %, the latter would largely control the 
rate of maltose formation, as may he deduced from 
the afiSmty constants We should therefore expect 0 
to be hydrolyzed at somethmg hke three times the 
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I rate of E, but it was hydrolyzed at about half 
the rate With decreasing chain length the rate 
of ^ amylase action falls off more than propor- 
tionately 

It appears that jS amylase combmes with the sub 
strate, and as regards the mitial velocity of the 
reaction it conforms mth the IMichaehs <L Menten 
theory Owing, however, to the non homogeneous 
nature of the substrate, the subsequent time pro 
gress relationship is not that usually associated with 
hydrolytic enzyme actions which obey the Jliohaehs 
& Menten relationship It is a case of several sub 
strates competmg for the same enzyme 

It IS assumed that the affimty constant, K„, 
vanes accordmg to the mean cham length of the 
amylose, and when expressed as molanty decreases 
with mcrease of cham length But the effect of 
mcrease of cham length on the value of 
expressed as percentage, would be to mcrease it 
simultaneously m proportion to molecular weight 
To distmguish between samples of amylose of 
different mean cham length by p amylase action, a 
low concentration of substrate is desirable so that 
the latter controls the reaction velocity It was for 
this reason that such conditions were unposed when 
amyloses precipitated under different conditions,- or 
previously hydrolyzed to various stages, were under 
comparison In the latter case, samples F and O 
(Table 4), bemg partly hydrolyzed, must ha\ e had 
relatively low mean cham lengths, and therefore 
relatively lugh molar concentrations compared with 
E Nevertheless, they were hydrolyzed much more 
slowly This experiment, moreo% er, e limin ated the 
comphcation of inhibition of en zym e action by 
maltose 

We may therefore cdnclude that j3 amylase 
attacks more readily the longer cham molecules and, 
provided no denaturation has taken place, hydro 
Ij'sis proceeds at a steadily declinmg rate with no 
sudden change, contmuing until 100 % maltose has 
been formed 

I 

I\Ticn amylose la hjdrolyzed by a amylase or acid, the 
iodine coloration passes from the blue thmugh purple and 
red to colourless Wo have results mdicatmg that the colour 
less stage corresponds to devtrms composed of about 
0 glucose umts, and the red stage to 10 umts or so This is 
supported bv certam observations op synthetic products 
reported by Con, Swanson Con (1945) When, however, 
^ amylaso is used some blue colour remains until the 
1 h vdrolysis hag advanced well beyond 90 % 

The relationship between the blue ^ nluc and mean chain 
length of ami lose is mdicated by the results m Table 6 
AVliilst blue 1 alue is zero for short chains, it becomes 
measurable at about cham length 12, and mcreoses rapidly 
vnth chain length Later it approaches an asymptotic value 
(of aiiecific optical rotation) Conversely, os the cham 
length IS reduced bi p amylobdic action, blue value dedmes 
but httle dunng the first 70 % h vdroly sis, but later falls more 
rapidly , disapiieanng at about 95 % The red value is slightly 


later m faUing, othennse its behaviour is similar Most, if 
not all, of the red value of the ongmal amylose is due to the 
same colounng matter as the blue value and is numencally 
proportional to it The ratio 608 603 reading remains 
approximately constant for 75% of the hydrolysis, which 
would scarcely be expected if there were present m the 
ongmal amylose a separate fraction such as short cham 
matenak gi'mig a red colour with lodme However, at the 
pomt where material givmg blue with lodme disappears 
through hydrolysis, the blue value would rapidly dechne, 
whilst the correspondmg decrease m red value would be 
delayed. Indeed, the latter might m certam circumstances 
mcrease numencally for a time, depending on whether short- 
cham matenal giving a red lodme colour were formed fast 
enough to more thah counterbalance the loss of red colour 
due to destruction of lodme blueing polysacchande In at 
least one experiment a small rise m red value at about 80% 
was observed However, owmg to the possibihty of appre 
ciable error creepmg m when computing the concentration 
of residual polysacchande at late stages of the hydrolysis 
neither the blue nor the red values m these late stages should 
be taken as accurate Their ratios are significant, smee the 
blue and red readings were taken on the same diluted matenal, 
and the above source of error is cancelled out The ratio of 
608 603 reading falls markedly after 80% hydrolysis, m 
dicatmg the disappearance of amylose of more than 12 umts 
cham length and generally snpportmg the conclusions drawn 
above Apparently 80-90 % or more of amylose is hydro 
lyzed before the mean cham length is as low as 10-12 Some 
specimens of amylose gave somewhat different curves from 
those drawn from the data m Table 5 although of the same 
type Sometimes there was no appreciable fall m blue or red 
value till 80% hydrolysis Sample K m Table 5 was a 
slightly ‘denatured’ amylose The residue, when just over 
90% hydrolysis was attamed, possessed no blue or red 
colourmg power, and was able to resist hydrolysis 

SUMMARY 

1 Pure potato amylose is hydrolyzed by )3 
amy lase at a steadily dechnmg rate, without sudden 
velocity changes, until 100 % of maltose has been 
formed 

2 If any ‘denaturation’ of the amylose has 
occurred, due to undue exposure to water, there is 
a break m the progress curve and the hydrolysis is 
mcomplete 

3 Amylose crystallized from potato starch paste 
at pH 4, or from autoclaved paste at ordmary 
reaction, hydrolyzes faster than preparations 
crystaUized from non autoclaved pastes at pH 6 
or 9 

4 The reaction obeys the formulation of Michaehs 
A Menten, but the value of K„ (expressed as per 
centage) v aries widely with the preparations 

6 ’The shorter the molecular chains the more 
slowly they are hydrolyzed 

6 Evidence from lodme colorations suggests that 
amylose prepared by^ the crystallization methods 
contains no short cham molecules (cham length 
■< 12), and that none is formed until hyidrolysis is 
far advanced 
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7 The blue value of amylose mcreases with chain 
length, approaching an asymptotic value Con- 
versely, it decreases on hydrolysis 

8 A hypothesis is suggested to account for the 
observed kmetics 
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The Distribution and Interrelationships of the Alkaloids 
m the Bark of Cinchona Ledgenana 

By H F BIRCH Am> L R DOUGHTY 
Gtncliona Research Organization, Amani, Tanganyika Territory 
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The hterature on the mterrelationships between the 
principal alkaloids and their distribution through 
out the bark of trees of the cmchona species is 
scattered and rather sparse The references available 
mdicate that m general the alkaloid content is 
greater m the root bark and at the base of the tree 
than m the upper parts Hodge (1946) found, how- 
ever, that the reverse condition obtains m some -wild 
Peru-vian cmchonas Sando (1944), who studied 
alkaloidal distribution m Cinchona succimhra, 
found a positive correlation between alkaloid con- 
•tent and tree girth 

The four mam crystaUizable alkaloids m the bark 
are the two groups of stereo-isomendes (^urmne and 
quimdme, and cmcliomdme and cmchorune Qm- 
nme and quimdme contam a methoxyl group m the 
6-position of the qumohne nucleus, otherwise the 
molecular structures are the same Such similarity 
m structure suggests a common^ mechanism of 
formation The proportions m which the alkaloids 
are laid do-wn m the bark, the -wide differences m the 
proportions of the alkaloids according to bark 
species, and the smaller differences found among 
barks of the same species, and m the bark from 
various parts of a smgle tree are probably due to the 
operation of factors affecting the rates of conversion 
of one alkaloid to another 

The present mvestigations were undertaken -to 
determme the distribution of the alkaloids (total. 


mdi-vidual and amorphous) tliroughout the whole 
bark, and to relate this distribution with the form 
of the tree, the metric characteristics of the bark and 
the proportions of the various alkaloids Some m- 
terestmg relationships have been established 

EXPERIMENTAL 

Materials 

The trees selected were of the Ledger species, appro-omately 
7 years old and grown on the same plantation Bark from 
C Ledgenana is the nchest m quinine of aU cinchona barks, 
and contains usually 8-12 % of alkaloids, of w hich 3-8 % is 
qumine 

Tree 2137 was felled at ground level and the trunk sawn 
into 25 cm sections over a length of 4 m fiom the base 
The mam stem was diwded into two, 2 m from the base The 
barks from sections eqmdistant from the base along each of 
these stems were combmed. The bark from each section was 
air dned, weighed and ground to pass a 50 mesh sieve The 
root bark was collected as one sample The sections were 
numbered consecutively fiom the base upwards 

Tree 1970 The prelunmary mvestigations on tree 2137 
showed that the alkaloid distnbution is to some extent a 
function of the form of the tree A detailed dra-wmg was 
therefore made of tree 1970 showmg the location of secondary 
leaders (erect growmg stems as opposed to more or less 
horizontal branches) as well as ofhvmg, dead and, as far as 
possible, former branches The tree was of irregular girth 
■with maximum trunk thickness about 130 cm above ground, 
where there was also a marked bendmg of the trunk from 
the vertical for a distance of about 20 cm (Fig 1) 
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The mam stem and the secondary leaders were ont mto 
10 cm sections The lateral branches were divided mto four 
gronps (primaries, secondaries, tertianes and quaternaries) 
and the leaves mto seven gronps ranging firom very young to 
mature In the lower parts of the tree one section was 
selected at random from each 50 cm length, except where 
the formation of the tree (as revealed by the prehmmary 


Analytical methods 

The samples were analyzed for total alkaloids (TA), 
quinme (P), cmehomdme (Cd), omohonme (0), and amor- 
phous alkaloids (Am), and the results expressed as a per 
centage of the moisture free bark Quinidme was present in 
traces only and was not quantitatively determmed 


Birk wt.(g) 



Fig 1 Tree 1970 Diagram showmg the form of the tree 
with the locations of the secondary leaders and the sections 
analyzed The correspondmg analytical data/10 cm 
section are plotted on the left • • Bark weight, 

O O percentage total alkaloids, O ® 

Q Cd ratio Average values of bark weight/10 cm 
section ore given for each of the four groups of composite 
samples above section 35 

work on tree 2137) was of special mterest, e g where the 
mom stem bent, or where big lateral branches arose At 
such positions two or three contiguous sections were taken. 
IVhcro. the amount of bark from a 10 cm section was m 
sufficient for analysis the bark from a sequence of five 
sections was bulked, i e a 60 cm length of stem For the 
lateral branch bark and leaves a composite sample was taken 
from each of the groups mto which they had been divided 
Fnor to prepnnng the samples for analysis, the thickness, 
prea volume and a eight (air^irv) of the bark from each 
section a ere measured , also the girth of each section and the 
correspondmg areas of the trunk. 

Tree 1512 was selected, m contrast to tree 1970, for its 
straight form ijnd apparently normal growth (Fig 2) It 
had produced one secondary leader only A detailed draaung 
was made of the tree and the same samphng techmque 
employed os that for tree 1970 


Bark wt (j ) 
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Fig 2 Tree 1612 Diagram showing the form of the tree 
with the locations of the secondary leader and the sections 
analyzed The correspondmg analytical data/10 om 

section are on the left • - ♦ Bark weight, ® ® 

percentage total alkaloids, O O <3 Dd ratio 

Total alkaloids Air-<iry bark (20 g ) was nuxed with CaO 
(12 g ), water (16 ml ) and 6i, NaOH (2 ml ) After standmg 
overnight the mixture was extracted with benzene m a 
Soxhlet apparatus The alkaloids were recovered from the 
benzene extract with 6% (w/v) SjSOi, the latter was then 
made alkahne and the hberated alkaloids eirtracted with 
chloroform The bulk of the chloroform was distilled, and 
the residual extract washed with chloroform mto a small 
tared beaker After the addition of a small quantity of 
ethanol the solution was evaporated and dried to constant 
weight at 100° 

The mdividual alkaloids m the total alkaloids were deter- 
mmed by the British Pharmacopoeia (1932) method for 
totaquma 

RESULTS 

The analytical data not shown in the figures are 
given in Table 1 
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1948 


Tree no 
2137 


1970 


1612 


Table 1 Analytical data for trees 2137, 1970, 1612 

Alkaloids (% dry bark) 

, 


Bark section no 

Quinine 

Cmcbomdme 

Cmohonj 

1 

0 76 

1 20 

0 70 

2 

744 

1 19 

0 06 

3 

6 99 

1 11 

0 70 

4 

7 48 

1 41 

0 90 

6 

7 32 

1 30 

0 80 

6 

0 07 

1 00 

0 74 

7 

0 82 

1 22 

0 90 

8 

6 37 

1 93 

1 47 

9 

0 61 

1 47 

0 90 

10 

0 21 

1 35 

0 93 

11 

6 31 

1 38 

0 78 

12 

5 99 

0 85 

0 02 

13 

0 21 

1 42 

0 89 

14 

0 01 

1 19 

0 83 

16 

6 00 

0 02 

0 71 

10 

614 

0 97 

0 07 

Root bark 

5 08 

1 GO 

1 81 

3 

4 86 

0 80 

Trace 

7 

4 58 

0 92 

Trace 

12 

404 

1 47 

0 22 

13 

4 77 

1 09 

0 31 

14 

484 

1 20 

0 29 

16 

4 23 

0 94 

0 11 

20 

3 18 

0 67 

0 09 

24 

4 00 

1 11 

019 

27 

2 91 

0 68 

0 09 

30 

3 07 

0 69 

0 11 

31 

2 94 

0 53 

0 13 

36-39 

2 86 

0 66 

010 

40-44 

2 41 

0 69 

0 08 

45-49 

182 

0 26 

0 02 

60-00 

1 79 

0 28 

0 03 

2 

6 38 

0 71 

Trace 

9 

4 79 

0 03 

Trace 

14 

3 77 

0 50 

Trace 

18 

3 07 

0 40 

Trace 

23 

2 61 

042 

Trace 

26 

1 62 

0 27 

Trace 

26 

3 60 

0 69 

Trace 

32 

3 07 

0 70 

Trace 

33 

2 03 

0 03 

Trace 

34 

2 56 

0 46 

Trace 

Ob) 

37 

2 09 

0 63 

Trace 

40-44 

2 40 

0 43 

Trace 

46^9 

1 34 

0 39 

Trace 

60-64 

1 21 

0 27 

Trace 

55-64 

064 

0 16 

Trace 


Amorphous 

alkaloids 

1 11 
1 09 
1 00 
108 
0 82 
1 38 
1 17 
125 
0 80 
0 96 
0 90 
101 
103 

0 85 

1 04 

0 99 

1 22 

1 10 
0 07 

0 97 
0 88 
0 80 

1 30 
1 78 
0 82 
1 76 
1 92 

1 80 - 
1 00 
1 87 
1 39 
0 90 

0 91 
126 

1 19 

1 43 
204 

2 31 
1 90 

1 64 

2 08 
1 38 

1 04 
1 43 
1 30 
1 80 
0 97 


Tree 2137 The distribution of the total alltaloids 
m the bark is shown m Fig 3 There was an overall 
but irregular decrease of total alkaloid content from 
the base of the tree upwards The maximum alkaloid 
content was found 2 m from the base (section 8) 
where the t<ee forked, with secondary maxima 
(sections of Ingh alkaloid content relative to 
adjacent sections) at sections 4 and 13 Uhfor 
tunately, nothmg had been recorded of the form of 
this tree at these levels 

Fig 3 shows also a positive correlation between 
percentage total alkaloids and bark weight/section 


The regression equations (Table 2) show that the 
percentage of total alkaloids, as well as the per 
centages of qumme and omabonidme, were positively 
and significantly related to bark weight Tlie re 
gression of cmchomne on bark weight was possibly 
significant, and that of amorphous alkaloids not 
significant i 

These equations are more fully discussed later, but 
it should be noted here that mcreosea m bark weight 
were associated with significant mcreases m the per 
centages of each of the ciystaUizable alkaloids The 
equations give, however, only a general picture of 
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the association between increasing bark weight and 
'increasing alkaloid content AVhen the niolecular 
ratios quinine to cinchomduie (Q Cd) and quinine 
to cinchonine {Q (J) were calculated for each 
section, an inveTse relationship was found between 
these ratios and bark weight/section (Fig 3) 

Bark wt ) 



Fig 3 Tree 2137 The rolationshipa between bark weight, 
percentage total alkaloids, the quinine to oinchonidme 
(Q Cd) and quiiuno^to cinchonine (<3 C) ratio/25 cm 
section of bark The Q 0 ratios shown are half the true 

values O O Bark weight, © © percentage 

total alkaloids, O © Q Cd ratio, • • 

Q C ratio 

There was a marked similarity m the alkaloid 
contents of the root bark, and the bark where the 
tree forked In these samples the percentages of 
cmchomdme and cmchonme were much higher, and 
the Q Cd, and Q O ratios muoh lower than m 
samples from any other part of the tree Tlie quinme 
contents at the two locations were also sumleur 
Qumino content was at a ma-omum m the bark from 
the lower stem rouglily at about Im above the 
base The amorphous alkaloid content showed httle 
V ariation tlirougliout the length of the tree 

Tree 1970 Tlie form of this tree is shown m Fig 1 
with the distribution of the total alkaloids, the 
v\ eight of bark from the \ anous seetions and the 
Q Cd ratios As with tree 2137 the deerease of 
alkaloid content from the base of the tree up was 


IN CINCHONA LEDGERIANA 

irregular, and ■wide fluctuations were associated -with 
certam parts of the tree, m this case notably where 
the trunk bent and where the lower secondary leader 
arose Zones of low alkaloid content were found at 
those parts of the trunk where there was no in 
dication that branches were ever formed 

The regression equations (Table 2) show that the 
percentage of total alkaloids was positivelj and 
sigmflcantly related to the weight, thickness and 
volume of the bark The percentages of qiii mn e and 
cmchomdme, and possibly that of cmchonme, were 
likewise related to bark weight and thickness, wlule 
a negative regression, possibly sigmflcant, was found 
for the amorphous alkaloids When the regressions 
of the percentage mdividual alkaloids/section on 
percentage total alkaloids/seetion were calculated, 
significant positive regressions were found for the 
three crystaUizable alkaloids, and a not significant 
negative regression for the amorphous alkaloids 
(Table 2) 

A further analysis of the data showed significant 
negative regressions for amorphous alkaloids on 
qumme and on cmchonidine, and very significant 
positive regressions for cmchomdme on qumme and 
cmchonme on cmchomdme (Table 3) When the 
mdividual alkaloids were expressed as percentage of 
the total alkaloids, the two negative regressions of 
amorphous alkaloids on quinine and on cmchomdme 
were very significant (Table 3) 

With this tree, as with tree 2137, the Q Cd and 
Q C ratios were mversely related to bark weight or 
thickness (Fig 1) A well marked mverse relation- 
ship between bark weight and the Cd O ratios was 
also noted, an observation not made with tree 2137, 
throughout the length of which the Cd G ratios m 
the bark were fauly constant The highest percen 
tages of cmchomdme and cmchonme, and the lowest 
Q Cd and Q G ratios, were found where the tree 
bent and where the lower secondarj'- leader arose 
At the same places the quinine to amorphous 
alkaloid ratios were highest The greatest percen 
tages of qumme were also found here and at the base 
of the tree 

In the lateral branches there was a rapid faU m 
the alkaloid content of the bark, from the pnmanes 
to the tertianes from 2 19 to 0 46 % for total 
alkaloids, from 0 68 to 0 11 % for q uinin e, and from 
0 29 to 0 09 % for amorphous alkaloids Large 
scale extractions of the leaves, separated mto groups 
rangmg from young to mature, showed total alka 
loid contents vmrymg between 0 056 and 0 223 % 
K" o correlation was found between age of the leaf and 
total alkaloid content, and no crystaUizable alka 
loids could be isolated 

Tree 1612 The shape of tins tree, the distnbution 
of the total alkaloids, the related bark weights/ 
section, and the correspondmg Q Cd ratios are 
shown m Fig 2 
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Taken m conjunction. Figs 1 and 2 show how 
total alkaloid distnbution is related to the form of 
the tree In the lower half of tree 1612 the decrease 
m alkaloid content from the base upwards was, with 
relatively minor fluctuations, a gradual one The 
first evidence of anj^ hving branches was at section 
32, and between this and section 34, where there 
were no branches, the alkaloid content fell rather 
rapidly, but rose agam at section 36 where the only 
secondary leader arose Thereafter the alkaloid con- 
tent decreased, but with two secondary maxima for 
the bulk samples taken from sections 40—44 and 60- 
64 These two sections had , on an average, a larger 
number of lateral branches than sections 46-49 
The regressions of percentage total alkaloids/ 
section on bark weight, tluckness and volume/section 
(Table 2) were of the same high order of significance 
as those for tree 1970 Tlie mterrelationships be- 
tween bark weight, tree form and total alkaloid dis 
tnbution appear therefore to be fairly well estab- 
lished 


1948 

Increases m bark weight were also associated with 
significant mcreases m the percentages of quinme 
and cmchomdme, but the mcrease m amorpkous 
alkaloids was not significant (Table 2) Increases m 
percentage quinme were accompamed by significant 
mcreases m cmchonme, but no significant relation- 
slnp was found between these two alkaloids and the 
amorphous alkaloids (Table 3) YTien, Imwever, the 
alkaloids were expressed as a percentage of the total 
alkaloids a highly significant negative regression was 
found for amorphous alkaloids on quinme, and a 
possibly significant negative regression for amor- 
phous alkaloids on cmchomdme (Table 3) 

In contrast to trees 1970 and 2137 the bark from 
tree 1612 contamed insufficient cmchonme for a 
quantitative determmation Moreover, the Q Gd 
ratios of the samples taken from the lower half of 
the tree decreased from the base of the tree upwards 
At sections 26, 32 and 33, where the Q Gd ratios 
were relatively low, there were, respectively, two 
dead branches, two h\Tng branches and a dead and 


Table 2 Regressions of the total and individual alkaloids on bark weight, thickness and volume, 
and of the individual alkaloids on total alkaloids 

( 1 Yq , etc are the calculated percentages of tofel alkaloids, qtunme, etc per section for any value of X (bark wt , g ), 
Xj (bark thickness, mm ), X, (bark volume, ml ) or X, (percentage total alkaloids), per section, lymg within the range of 
values found for the sections analyzed P shows the level of significance of the regression N S not significant ) 



Tree no 2137 
(25 cm section) 

P 

Tree no 1070 
(10 cm section) 

P 

Tree no 1612 
(10 cm section) 

P 

Yra 

7 14 + 0 0223 X 

0 01 

4 220 + 0 0605 X 

0 01 

3 47 + 0 084X 

0 01 

Yo 

4 46 + 0 0114 X 

0 01 

1 646 + 0 0623 X 

0 01 

0 371+0 077X 

0 01 

yL 

0 42 + 0 0048 X 

0 01 

0 210 +0 0164 X 

0 01 

0 266+0 007 X 

0 01 

Yo 

0 45 + 0 0022 X 

0 10 

0 031+0 0024 X 

0 10 

— 

— 

Y^m 

0 90 + 0 0008 X 

NS 

1654 - 0 0090 X 

0 10 

1 463+0 002 X 

NS 





0 88 +10886Xi 

0 01 

0 40 + 1320 X 1 

0 01 

3^ 

^TA 

— 

— 

4 26 + 0 0102Xj 

0 01 

3 16 +OO30Xj 

0 01 

Yq 




-1 870 +0 864 X5 

0 01 

— 

— 

Yoi 



— 

-0 814 +0 263 Xj 

0 01 

— 

— 


- 



-0 170 + 0 046 X, 

0 05 

— 

— 

'<Am 

— 

— 

1 914 - 0098 X 3 

NS 

— 

x 

Table 3 

Regressions of the individual alkaloids per section 

A for the 

alkaloids expressed 

as 

percentage of the bark, B for the alkaloids expressed as percentage of the total alkaloids 



(Y , Yoa, etc are the calculated values for percentage of amorphous alkaloids, omohomdme, etc per hark for any 
value^of qnmme (Xn), omohomdme (Xc„) or cmchonme (Xp) percentage bark lymg withm the range of values found for 
the sections analyzed Similarly with , Xq', etc , but these are expressed as a percentage of the total alkaloids P shows 
the level of significance of the regression N S not significant ) 


A 

Tree 

no 1970 

p 

Tree no 1612 

P 

Y . 

2 006 

-0 198 Xc 

0 06 

1 764-0 091 Xq 

NS 

* Am 

1 796 

i-0 640Xq„ 

0 06 

1 602-0 206 Xpj 

N S 

* Am 

Y , 

1 466 

- 1 419 Xq 

0 30 

— 

— 

* Am 

-0 216 

+ 0 278Xq 

0 01 

0 183 + 0 109 Xq 

0 01 

* od 

Y/t 

-0 040 

+ 0 044Xo 

0 10 

— 


Yq 

-0 034+0 196 ic„ 

0 01 


~ 

B 

'( Am ' 

Y ' 

71 11 
44 48 

-O88IX5' 

-1910 Xq/ 

0 01 

0 01 

48 67 -0 633Xq' 

39 29 -1 760Xq/ 

0 01 
0 10 

Y 

Yq”’ 

27 16 
-426 

-2 820 Xq' 

+ 0 287Xq' 

010 

0 01 

4 023 + 0 088 Yq' 

0 02 

Yq^ 

-034 

+ 0 038 Xq' 

040 

— 


Yq' 

-0 82 

+ 0 222 ^cd 

0 02 





43 


ALKALOID DISTRIBUTION IN CINCHONA ZEDQERIANA 


a living branch when the tree was felled At section 
34, where the Q Gd ratio was relatively high, there 
were no branches In the upper half of th4 tree, 
where many hvmg branches jomed the mam stem, 
there was a marked fluctuation m the Q Gd ratios 
The lughest quimne contents were found m the three 
sections taken from the lowest quarter of the tree, 
roughly between ground level and 16m 

In the lateral branches there was a rapid fall m the 
total alkaloid content of the bark from the primaries 
to the quaternaries from 2 71 to 0 68 % Large 
scale extractions of the leaves separated mto groups 
rangmg from young to mature ^owed total alkaloid 
contents ranging from 0 16 to 0 33 % , but no corre 
lation was found between leaf age and total alkaloid 
content The combmed total alkaloids ( 1 g ) from 
the leaves gave a tartrate eqiuvalent to 0 0166% 
quinme plus cmchomdine m the leaves, but neither 
quinme nor cmehomdme could be isolated from the 
decomposed tartrate 

DISCUSSION 

The distribution of the alkaloids m the stem bark 
IB a function of bark thickness In general the tluck- 
ness of the bark at any pomt is inversely propor 
tional to the distance of that pomt from the base of 
the tree, but a regular decrease of bark thickness 
from the base upwards is rare In these mvestiga 
tiona local tliickenmg of the bark was foimd where 
the mam stem forked, usually caused by damage of 
the stem at these pomts at an earher stage in the 
tree’s history, where secondary leaders arose, pro 
bably due to a sirmlar cause, and nliere large 
branches joined the stem Superimposed, therefore, 
on what IS mtrmsically a regular decrease m alkaloid 
content from the base of the tree upwards, are zones 
‘ of relatively high alkaloid content, the locations of 
which are governed m each tree by the liistory of its 
growth as reflected m its form 

Toble 2 shows, for the stem bark as a whole, the 
increases or decreases in alkaloid content that had 
been associated with umt mcreaso m bark weight 
durmg the life of the tree Significant increases were 
found for total alkaloids, quinme and cmehomdme/ 
unit mcrease m bark weight, and for quinme cm 
clionidme and cmchorune/unit mcrease m total 
alkaloids Tliese mcreases were large compared with 
the small and insignificant mcreases (trees 2137 and 
1612) and decreases (tree 1970) found for the amor 
phous alkaloids, an mdication of the progressive 
conv ersion of amorphous to crystaUizablo alkaloids 
durmg the life of the tree IMien the trees were felled 
the amorphous alkaloid content was that currently 
available for transformation to the crj stalhzable 
alkaloids, while the erv stalhzable alkaloid content 
represented the accumulation of the end products 
of the amorphous alkaloid transformations tlirough 
out tree growth 


The negative regressions shown m Table 3 lend 
support to the theory that the amorphous alkaloids 
ore the precursors of the crystalhzable alkaloids, 
additional evidence for which is funusbed by obser- 
vations made here that the bark of young trees, 
or from the younger upper parts of an old tree, con- 
tam a high proportion of amorphous m relation to 
crystallizable alkaloids 

The proportions m which qumme, cmehomdme 
and cmchoiune are laid dovvn must depend on the 
Conditions obtauung m the bark when the amorphous 
alkaloids are converted If the crystallizable alka- 
loids were formed simultaneously and m defimte 
proportions, their ratios would be constant through 
Out the bark irrespectiv^e of its position on the tree 
It was found, however, that the Q Gd and Q G 
ratios were notably low m the root bark and m the 
hark where the mam stem forked, where secondary 
leaders arose, and where there was abnormal bark 
thickenmg These low ratios do not imply a low 
qumme content, but rather & relatively greater m- 
crease of cmehomdme and cmchonme compared 
With that of qumme It is evident that there is a 
preferential formation of cmehomdme and cmcho 
nme where there is mcreased cambial activity fol- 
io wmg some form of mjury or other stimulus, further 
evidence for which is furnished by the almost com- 
plete lack of emohonme m the normally growmg tree 
1612 These observations, m oonjunction with the 
relationships already established between hark 
thickness, total alkaloid content and abnormal bark 
growth, mdicate that cambial activity plays a major 
role m determining the distribution of the total 
alkaloids m the bark, and the proportions in vrludh 
the crystallizable alkaloids are laid down Cambial 
aotivuty may further govern the efficiency or 
degree of conv^ersion of the amorphous to the 
crystallizable alkaloids, for m tree 1070 the highest 
crystallizable to amorphous alkaloid ratios obtamed 
where the tree bent and where the secondary 
leader arose 

Botanical mvestigations m Java (private com- 
mum cation) have shown tliat a high qumme content 
IS found where vertical growth is stunted and that m 
such ureas helopeltis attacks are common, which 
further restrict growth and mcrease the qumme 
content IVhile a vahd companson of the average 
percentages of the mdividual alkaloids m the three 
trees here mvestigated is not strictly admissible 
(smee the bark samples were not selected purely at 
random), it appears from the analytical data that 
tree damage was associated with an mcreased per- 
centage of crystalhzable alkaloids and a decreased 
percentage of amorphous alkaloids as compared 
with those in the normal tree, a further mdication 
of some relationship between cambial actmtj and 
the transformation of amorphous to crystallizable 
alkaloid 
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The high percentages of total alkaloids associated 
with local bark thickening suggests an increased 
translocation of amorphous alkaloids or their pre 
cursors to these places, possiblj as soluble salts The 
low Q Gd and Q G ratios comcident with abnormal 
thickening, and the \ anation m the proportions of 
the mdividual alkaloids and then ratios from bark 
section to bark section, indicate that tlie ci 3 ' 3 tal- 
hzablh alkaloids, once formed, are not further trans 
located Then moiement seems to be restricted 
towards the outer periphery of the bark as it ages 
and thickens, wlule further transformations of 
amorplious to crystaUizable alkaloid take place m 
the newer underlying bark It is unlikely that the 
proportions m which the alkaloids are laid down m 
any particular section of bark remam constant 
durmg tree growth The association between de- 
creasing Q Gd ratio and mcreasmg height of bark 
above ground level found m the lower half of the 
normal tree suggests that, at least under normal 
conditions of growth, the transformation of amor 
phous to cr 3 ^alhzable alkaloids sliifts progressively 
m favour of quimne as the bark ages, possiblj as 
a result of a progressive change m cambial activity 
Dawson (1945), m his work on the phj siological 
chemistry of the tobacco alkaloids, has demon- 
strated that normcotme is produced in into from 
mcotme From a consideration of their respective 
molecular structures ho suggested that mcotme is 
acted upon m the cell bj’' a transmethylatmg agent 
and a methyl acceptor (i?H) and proposed ns a 
wor kin g basis the hj-pothetical mechanism 

(enzyme) „ . .. . 

F:icotme + i?H »• Normcotme -f i? CH 3 

This faculty, he considered, is inheritable 

The simultaneous mcrease of qumme, cmchom- 
dme and cmchonme m the bark does not preclude 
the possibihty that qumme may at the same tune be 
degraded to cmchomdme and cmchonme, but at a 
slower rate than its sjmthesis from the amorphous 
alkaloids The transformation maj be postulated as 

(enzyme) 

Qumme -f- i?H ► 

Cmchomdme (or Cmchonme) -l-NOCHa 
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This reaction assumes the presence of a trans 
methoxjdatmg agent and a methoxyl acceptor, the 
reaction rate dependmg on the iiH content of the 
bark, which is primarily goi emed by the age of the , 
bark and its location on the tree Such a mechanism 
could account for the wide fluctuations observed m 
the Q Gd and Q G ratios in the bark of any parti 
cular tree and, if mheritable, for the predommance 
of qumme m G Ledgenana and cmchomdme m G 
succirubra 

- SU1\E\IARY 

1 Alkaloid distribution m the bark of three trees 
of Gmchona Ledgenana has been mvestigated Two 
of the trees had suffered damage at an earher stage 
of then grov'th and differed markedly m shape from 
the third tree vhieh was of apparently normal 
growth and straight m form 

2 Significant positive regressions were found for 
percentage total alkaloids on bark weight, thickness 
and volume Increases m bark weight and total 
alkaloids were associated with significant mcreases 
in qumme, cmchonidme and cmchonme at the ex- 
pense of the amorphous alkaloids 

3 Local thickenmg of the bark was found where 
the tree forked, where secondary leaders/arose and 
where the tree had been damaged At these places 
the alkaloid content vas notably lugh and the 
q uinin e cmchomdme {Q Gd) and qumme cm- 
chomne {Q G) ratios relatively low Similar con- 
ditions obtamed m the root bark Local thickemng 
was less pronounced witli the normal tree, the bark 
of wluch shov ed, from the ground upwards, a fauly 
regular decrease m the percentage of total alkaloids 
and m the Q Gd ratios, m contrast to the wide 
fluctuations obsen^ed with the other trees 

4 Menstematic or cambial activity appears to be 
an important factor m dete rminin g the alkaloid 
content of the bark, the degree of con\ ersion of the 
amorphous to the crjistallizable alkaloids, and the 
proportions m wluch the latter are laid down Tlie 
distribution of the alkaloids throughout the bark is 
therefore primarily governed by the history of the 
tree as reflected m its form 
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In the course of a research with another objective 
duniig the war in 1943-4, we found that tluol con- 
taining compounds mactivated trypsm and cliymo 
trypsm This was not reported then In the mten’'al, 
Grob (1945-0) has publisbed work upon trypsm done 
mdependently in 1943 and with somewhat similar 
observations The work which we have now com 
pleted was earned out upon crystallme chymo 
trjTpsm and trypsm and with a different cnterion for 
digestion, some observations have been added upon 
the behaviour of chymotr 3 ^smogen Our results for 
trypsm are m substantial agreement with those of 
Grob, though 'our interpretation of the phenomenon 
is different 

EXPERrUENTAL 

Trypsm and chymotiypsm were prepared from ox pancreas 
by the methods of Knmtz i, Northrop (1935-0) and stored 
m a desiccator at 2° The trypsin used was ctystallme, but 
had not been reerj staUized it contamed 32 6% enzyme 
protein, accepting the uenal figure for the N content of 
trypsin ns 10% The chymotrypsin had been once reciystal 
Jized and had n protein content of 73 7% (N, 15 6%) 
Ultrocentrifugnl exnmmation by llr R Cecil (see Adden 
dumj showed that the speamen was homogeneous The 
cbjTUotiypsmogen investigated had been reprecipitated 
(protem content 00 2 %) It was part of the specimen used 
m preparation of chymotrypsm no attempt was made to 
BC^arato different forms of chvmotrypem (Knmtz, 1038-9) 
Tlie activity of both enzymes was estimated hr determining 
the extent of digestion of casein usmg micro Kjeldahl esti 
motions of Nnotprccipitablebj trichloroacetic acid (v p \ ) 
For preparation of the casein substrate the method 
esscntinllv followed that of Northrop A Kuniti (1932-3) 
Casein (Glaxo A/E, 50 g ) was stirred into 0 1 Ji phosphate 
buffer, pH 7 0(1 1), approx 5 n NaOH(3-3 5ml ) wasadded 
and the mixture heated on the nafer bath for 30 mm with 
additions of 5\ NaOH to mamtam the pH at 7 0 After 
cooling and removal of iindissolved casern hr ccntnfupog, 
the solution was kept in the refrigerator, thvmol bemgadded 
Values for the preformed x r \ vaned from 1 to J mg /O ml 
easein substrate different batches of casern snbstrate 
showed vnnations m digcstibihty 


Experiments were m aU cases planned to show differences v 
due to the action of added thiol compounds Each was set 
up with a control, weighed sample of the same enzyme As 
no attempt was made to homogenize the enzyme preparation, 
this proeednre controlled possible vanations m the salt 
content of samples taken Usually the enzyme (1^2 mg ) 
WMincnbatedmO lit phosphate buffer, pH 7 6 (1 0ml ), for 
46 nun , after which 6 ml casern substrate were added After 
digestion for 40-50 mm at 38°, 1 ml 25% (w/v) tnohloro- 
acctic acid was added, after standing for 30 mm at room 
temperature the precipitate was filtered and washed twice , 
With o ml 2 5 % (w/v) tnchloroacetic acid- After adjusting 
the volume to 26 ml , 6 ml were taken for ashmg by micro- 
KjeldohL Most incubations were done in narrow teat tubes 
in air, results m N, were not appreaably different Glass 
distilled water was used to reduce contammation by metals 
to a minimum 

In the earher experiments the thiol compound was added 
directly to the digestion mixture, all later expenments were 
done by a previous mcubation of thiol with the enzynne before 
addition to the casern The resnlts were qualitatively sunilaT, 
but the latter procedure gave a much more marked effect 
Several expenments were made with crude trypsm (hqnor 
pancreaticns, Benger) which are not included, as they are 
difficult to mterpret (see below) 

The results are expressed as the difference m i, p ^ deter- 
mined by the micro Kjeldahl method m the digests with / 
Untreated enzyme and with enzyme incnhated with the 
substance under test, the usual unit being mg > p x /O ml 
casern substrate In the expenments of 1943-4, control 
values after digestion with 1 mg chymotiypsm were usually 
14-lo mg X p-s , and with 2 mg trypsm approx 8 mg 
X p X For trypsm a control was done with the specific 
substrate benzovlargmme amide 

Control expenments with smtable samples to which no 
thiol was added showed that dnrmg thepenods of incubation 
less than 10% of trypsm or 5% of chymotrypsm was m 
activated There was no evidence that SH compounds had 
an appreciable effect on the course of digestion the thiol 
concentration dunng digestion a as one seventh of that m the 
lacabtition mixture, ic mcuhafion with 0 In thiol was 
followed bv digestion at 0-014 m, the rate of mactivation is 
lower for the enzvme m absence of substrate at this reduced 
concentration of thiol (see Fig 1), and with casein present 
the rate is still lower, and not more than 1-2% extra 
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inhibition was found m a 30 min digestion penod If the 
concentration of thiol was mamtamed at 0 1 it throughout 
the monbation and digestion periods by addition of extra 
MTEG with the casern, it was found that extra inhibition 
occurred, not exceeding 10%, mterpreted as due to further 
mactivation by thiol of the enzyme itself In one experiment 
upon trypsm, m which the thiol a as removed by oxidation 
pnor to digestion, the results were m agreement ivith this 
view Hence we have no evidence that thiol compounds 
were mlubitmg the course of digestion m these experiments, 
and it seems logical, therefore, to desenbe our effects as due 
to inactivation 

RESULTS 

Inactivation of the proteinase activity of trypsin or 
chymotrypsin, or of both, has been shown by the 
following SH compounds monotluoethyleneglycol 
(MTEG), cysteme ester hydrochloride, glutathione. 



Fig 1 Effect ofprevious exposure to varying concentrations 
of thiol compounds on the digestion of casern substrate by 
crystaUme chymotrypsm Addition of 1 mg enzyme pre 
paration to 6 mb casern solution, pH 7 0, 38*’ Digestion 
time 45 mm Results expressed as decrease m mg of 
N P N formed 

2 3 dimercaptopropanol (BAL), sodium sulplude 
and tluosahcyhc acid , shght mactivation ( 14 %) was 
produced by sodium cyamde (0 2 m) at pH 7 8, no 
mactivation was produced bv oxidized monothio 
ethyleneglycol (0 26 m), cystme eater hydrooMoride 
(0 07 m), thiosulphate (0 2.M on chjmiotrypsm), 
sodium diethyldithiocarbamate (0 09 m) or pyro- 
phosphate (see below) , also, m a different category, 
no mactivation was produced by le-wisite oxide 
(0 66 mM), allantom (0 038 m), cetyltnmethyl- 
ammomum bromide (CTAB) (1 mg /ml ) or heparm 
(1 mg /ml ) MTEG and cysteme also had a special 
action upon chymotrypsmogen 

Ejgs 1 and 2 showm detail tlie effect of mcreasmg 
molar concentrations of some tluol compounds 
aotmg for 46 min at 38° upon chymotrypsm and 
trypsm At approx 0 1m imder these conditions. 
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there was an almost maximum mactivation The 
degree of mactivation mduced was approximately 
the same for each thiol compound, this suggests 
that the tluol group is the active agent 



Fig 2 Effect of previous exposure to thiol compounds on 
the digestion of casern substrate by crystaUme trypsm 
Addition of 2 mg enzyme preparation to 6 ml casern 
solution pH 7 0, 38° Digestion time 46 mm Results 
expressed as a decrease m mg ofNP^ formed 



Fig 3 Effect oftime upon the mactivation of ohymotiypsm 
activity by 0 127 m monothioethylene glycol Casern 
digest, pH 7 0 Results expressed as decrease m mg of 
K p ^ formed 

With sodium sulplude on chymotrypsm the results 
varied much with the alkalmity, workmg m tightly 
stoppered vessels to avoid escape of hydrogen sul 
phide and at pH 7 6, decreases m nj n with 1 mg 
chymotrypsm were obsemed as follows for 0 082 m 
sulplude, 4 05 mg and for 0 126 m, 6 6 mg N P n 
The relation between mactivation of 1 mg chymo 
trj'psm due to 0 127 m MTEG and the time of action 
IS shown m Fig 3, and with this concentration the 
action was rapid 
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'Tlie effect of varying the pH mth chjTnotrypsm 
and MTEG is shown in Fig 4, v here it is clear that 
the action was much increased as the pH rises above 
7 0, this would be expected in the case of a thiol 
effect 



Fig 4 Effect of varying pH on the inactivation of chymo 
trypsin activity by 0 127 m monothioethjlcncglycol 
Digestion time 45 mm for 1 mg eniyme added to 5 ml 
casern solution, pH 7 6 Results expressed ns decrease in 
mg KPN formed 


Tlie inactivating effect of thiols upon the action of 
trypsin upon the specific substrate benzojl- 
arginine amide (Bergmann, Fruton <5L Pollok, 1939) 
■was also proved m two experiments, of which one is 
quoted m Table 1 


Table 1 InaclivaUng effect of monotlnoethyleneglycol 
{MTEO) and 2 3 dimercaptopropanol (BAL) upon 
the digestion of N^-benzoylarginine amide 


(Volumes of 0 01 x ethanolic HCl required by 0 5 mt sub 
stmte titrated m 90% acetone (Lmderstrom Lang technique) 
before and after digestion at 38° for 2 hr and contammg 
mitiallyO 051m benzoylarginme amide and 0 4 mg trypsm ) 


Addition 

Start 

2hr 

Diff 

(mk) 

(ml) 

(mk) 

None 

+0 08 

+ 1 27 

+ 1 19 

MTEG (0 128!!) 

+ 0 08 

+ 0 05 

-0 01 

BAL (0 031m) 

+ 043 

+0 61 

+ 0 08 


These phenomena w ere so much like those already 
well known for insulin (cf Abel iL Geilmg, 1926, du 
Vigneaud, 1927), where reduction of a S S group 
lends to mnctivation, that they led to attempts to 
get endenco (i) that S S compounds had no effect on 
those enzymes, (ii) that there was no reactivation 
upon reo'vidation ■with S S compounds , and (ni) that 
n SH group was present after treatment wath the 
thiol Tho results were os follo^ws 

(i) Neither cystmo ester hydrochloride (30 mg / 
ml ) nor oxidized 5ITEG (20 mg /ml ) produced any 
effect (Table 2) 

Table 2 Effect of oxidized MTEO, and of cystine 
ester HCl upon the activity of chymolrypsin 


(All results c^rpressed for 1 mg enzyme in 1 ml added to 
Cm] casein solution Inhibitors added at start of digestion. 


i° for 46 mm ) 

X P ^ 

Decrease 
in X r X 


formed 

formed 

Addition 

(mg) 

im) 

None 

14 0 

— 

0 250 M JITEG 

— 
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0 260m JITEG (oxidized) 

— 

0 16 

0 127 m Cjstcmo HCl 

— 

2 8* 

0 102m Cystme ester HCl 

— 

0 4* 


• In amvmg at these figures, a blank has been subtracted 
for the N present in tho cystme or ovsteme 

(u) An attempt to reactix ate ehymotrypsm and 
trypsm, after exposure to sodium sulphide and 
MTEG and subsequent removal of imchanged thiol, 
IS shown in Table 3 (a) and (h) , relevant details of the 
experiments ore given below No reactivation was 
found either ■with cystme (as ester) or with oxidized 
glutathione 

The treatment of chymotrypsm in (a) was as follows 
After exposure for 45 mm to the sulphide at pH 7 6m 
a stoppered tube to prevent escape of H S the unchanged 
HjS was removed til vacuo at pH 6 0 (HCl) untd none was 
detectable by smell Cystme ester (0 29m, reckoned on S 
content) was added, the pH readjusted, and the whole m 
cubated for a further 46 nun Casern substrate (6 mk) was 
added and digestion earned on for 46 min . Tnchloroacetic 
acid (26% w/v, 1 ml ) was then added, and the whole left to 
stand for 30 mm The precipitates were washed three tunes 


Table 3 Attempted reactivation of chymolrypsin {I mg ) and trypsin {2 mg ) ivith cystine ester or oxidized 
glutathione, respectively, after inactivation by sodium sulphide or monothioethyleneglycol {MTEO) 




Inactivating 

compound 

(a) 

Chymotrypsm 

0-082M Na,S 

0 126m Na,S 

0-082M HajS 

0 126m NajS 

(b) 

Tiypsm 

0 64m MTEG 

\ 


0 04m MTEG 

* Reckoned 


Decrease m 
lUJi found 


Attempted reactivation by (mg ) 

— 4 05 

— 66 

0 29 m cjrstme ester* 6 1 

0 29 m oystme ester* 0 4 

— 3 26 

0 13m oadized glutathione 3 26 

on S content 



48 


R A PETERS AND R W WAKELEST 


•mth 2 5% tnchloroacetio acid (5 ml) and the fUtrates 
made up to 25 ml , 5 mL being taken for analysia The 
precipitates -were left standmg mth 5 % tnchloroacetio acid 
(5 ml ) for 18 hr , after icluch the supernatant flmd gave no 
nitropmsside test for cystme, mdicatmg complete extraction 
The control enzyme vas meubated for 1 6 hr , NaCl (12 mg / 
ml ) hemg added eqmvalent to that formed from NajS m 
the experimental tube 

The treatment of tiypsm m (b) was as follows After 
exposhre to MTEG for 2 hr and coohng, the solution of 
mactivated enzyme was saturated with JIgSOj and allowed 
to stand m the cold The precipitate was removed by a small 
filter, washed with saturated 5IgS04 until the washings were 
free from SH, and then taken up m phosphate buffer, pH 7 6 
A sample was removed for estimation of activity, and the 
remamder treated with oxidized glutathione and meubated 
for 2 hr at 38° Further samples a ere then taken to estimate 
the activity 

(ill) Endence of the appearance of SH groups 
was sought by titrating the enzjunes with porphy 
nndm solution (Kuhn & Desnuelle, 1938) before 
and after treatment with monothioethyleneglycol 
Jlirsky & Anson (1934^5) used thioglyeolhc acid, 
but MTEG has the ad\ antage that no COOH group 
IS present to form possible salts Some difficulty was 
expenenced in makmg certam that any effect 
obsen^ed was not due to traces of MTEG absorbed 
on the precipitates or filter papers After treatment 
with the thiol, trypsm was clearly much altered, it 
was no longer precipitable by 6% trichloroacetic 
acid, whicli prevented use of tins reagent m waslung 
Two procedures were finaUy adopted, viz pre- 
cipitation by ammonium sulphate, and treatment 
with 90 % acetone (Stem & lYhite, 1937), both at 
acid reaction, to mimmize oxidation of any thiol 
group Examples of these are given below, Exp 1 
for ch^uno tryp sm, Exp 2 for trypsm and Exp 3 for 
the parent protem chymotrypsmogen 

In these experiments, the ratio of tluol to enzyme 
was reduced for experimental convemence Tlie re 
lation of thiol concentration to rate of inactivation 
has not been systematically mvestigated, but con- 
trol experiments showed that the concentrations 
used m the experiments below were adequate to 
mactivate substantially withm 30 mm 

Exp 1 (7 vm 47)- Chymotrypsm (50 mg contammg 
36 8 mg ash free enzyme) was dissolved in 2 ml 0 05m 
phosphate buffer, pH 7 6, 100 mg MTEG were added and 
the pH agam adjusted After mcubation at 38° for 120 mm , 
the mixture was cooled, x HCl was added to bring the pH to 
3 0, and saturated (NH7)jS04 added to 60 % of saturation 
The precipitate was removed by centrifuging (2500 r p m ) 
and then transferred to a very small pressure filter (filter 
paper 8 mm diam ) , the precipitate was washed on the filter 
with saturated (NH4),S04 solution until the filtrate gave no 
mtroprusside reaction for thiol, it was then suspended, with 
the papter, m 0-001 x HCl, reprecipitated with (NH4) JSO4 and 
agam washed on a fresh filter paper This operation was 
repeated once agam The washed precipitate of ‘thiol 
treated’ enzyme was then suspended m phosphate buffer. 
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pH 7 3, and immediately titrated with porphyrmdm 
(0 5 mg /ml standardized against cysteme eater hydro 
chlonde) untd fresh additions of 0 025 mb did not decolorize 
m 30 sec The total amount used was 1 05 ml porphyrmdm, 
eqmvalent to 0 69 mg cysteme ester HQ One earher 
expenment gave 87 % of this value 
Reekomng the S content of chymotrypsm ns 1 85% 
(Kimitz A FTorthrop, 1934-5), this means that approxi 
matcly one fifth (17 4%) of S had appeared as SH groups 
In a control experiment run at the same tune, a solution of 
25 mg of chymotrypsm, not treated with thiol during the 
incubation, was acidified, MTEG was then added, and the 
protem immediately precipitated with (NH4)iS04 and the 
washmg procedure earned out as above When dissolved m 
phosphate buffer this control chymotrypsm reduced less 
than 0 025 ml porphyrmdm solution 
In another expenment with chymotrypsm and MTEG 
done by the method desonbed under Exp 3, the chymo 
trypsm washed free from MTEG gave a marked mtro 
prusside reaction for SH upon addition of mtroprusside and 
ammoma , 

Exp 2 (9 vm 47) Trypsm (50 mg ) was treated with 
2 0 ml phosphate buffer, pH 7 8, the precipitated mag 
nesium phosphate was removed by centrifuge, and the 
resultmg solution placed m a closed vessel (Stem A White, 
1937) , Nj was passed at 38° After 5 mm MTEG (100 mg ) 
was qmcklv added, the resultant pH was 7 6 After action 
for 60 mm . m the N. atmosphere, 0 3 mk x HCl was added, 
the mix ture cooled and 9 vol of acidified acetone (0 55 ml 
X HCl to 260 ml ) added After oentnfiigmg, the pre 
cipitated protem was washed 6 tunes with the acidified 
acetone and dned m the centrifuge tube tn vacuo There was 
no smell of thiol The protem was dissolved m 1 ml phos 
phate buffer, pH 7 3, and immediately titrated with poiphy- 
rmdm, usmg an amount of dye eqmvalent to 0 106 mg 
cysteme ester hydroohlonde Keckomng 1 1% as the S 
content of trypsm (Kumtz A Northrop, 1934-5) this gives 
10 2 % of S r^uced, a value which shoMd be mcreased by at 
least one tenth to allow for losses durmg the imtial washmg 
A previous expenment with trypsm, earned out on the 
Imes of Exp 1 with (NH4)jSb4 fractionation, gave 8 2 % of S 
reduced, which is of the same order as that m Exp 2 
Trypsm (60 mg ), not treated with thiol until the washing 
stage, reduced less than 0 02 ml dye 

Exp 3 (20 vm 47) Chymotrypsmogen (60 mg ) was 
treated with 2 0 ml phosphate buffer, pH 7 8, and MTEG 
(100 mg ) Rapid precipitation took place, most of the pro 
tern coming out of solution m 10 mm After 30 m m at 38°, 
the solution was cooled on ice, the precipitated protem was 
removed by centrifuging, and suspended m 0 02x HCl 
(2 0 ml ), 0 2 mb x HCl was added and 9 vol of cold acidified 
acetone After removmg the precipitate by centnfuge, it 
was resuspended in cold 0 02xIlCl, 9 vob of acid acetone 
added, and the precipitate washed with acetone, the re 
suspension and washmg were repeated, and the precipitate 
was finally dned tn vacuo There was no smell of thiol The 
dned product was suspended m phosphate buffer, pH 7 3 
(1 0 ml ), transferred to a small test tube and titrated with 
porphyrmdm untd small additions were not decolonzed m 
30 sec , the porphyrmdm used was eqmvalent to 0 397 mg 
cysteme ester HCl Reekomng chymotrypsmogen S as 
1 48% (Brand A KasseU, 1941-2), this corresponds to a 
reduction of 15 4 % of the S present Before thiol treatment, 
chymotrypsmogen showed no SH content by porphynndm 
titration. 
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These e^rperimenta ha \0 convinced us that re 
ducmg tluol groups are formed m these proteins by 
the action of MTEG, they accounted for one tenth 
to one fiftli of tlie total S stated to be present, but 
the evact amoimts of thiol which can bo formed 
must be decided by future, more accurate O'cpen- 
ments In this connexion Brand Kossell (1041—2), 
in a \ ery pure specimen of chjmiotrjTismogen, have 
found the content of metluonme S to be 0 202 % and 
of cystme + cysteme S, 1 225 % , it is not known how 
the S content changes upon conversion to chymo 
trypsm, but they record the odd pomt that hydro 
Ijeis with hydroclilonc acid yields 4 cysteine groups/ 
molecule , they state that no rooctn e SH was present 
m chymotrypsmogen as determmed bj nitro 
prusside and ammoma, with which our titration 
values agree 

Relation to denatiiration Tlie appiearonce of thiol 
groups m these experiments is not similar to the 
well known unmaskmg of thiol groups in the de 
naturation of egg albunun, m the controls men 
tioned, which had been treated with acid acetone, 
the chjmiotrypsm and chvmotrj'psmogen were de- 
natured m the sense that the protein became 
insoluble, without liberation of thiol Similarly, 
neither boihng the tliree protems in water to which 
a trace of acetic acid had been added to slow doivn 
oiadation of any possibly hberated thiol, nor treat 
ment with purified guamdme hydrochloride (6 m) 
(Greenstem, 1938) led to a liberation of thiol, sub 
sequent addition of sodium mtroprusside and 
ammoma gave no thiol reaction, uhich readily 
appeared upon addition of minimal amounts of 
cyanide The denatured proteins had a disulplude 
grouping and behaved exactly as denatured serum 
albunun (Walker, 1926) 

AU the evidence so far available suggests that the 
behaviour of trypsin and of chymotrypsm, os well as 
of chymotrypsmogen, to treatment wath thiols is 
similar to that of msuhn 

Attempted tnaeitvahon by-pyrophosphate In view 
of the statement by Grossmann, Dyckerhoff &, 
Schoenebeck (1930) that trypsmkmase was inacti 
vated by pjrrophosphate os well as by cysteme, this 


has been investigated No effect was found in two 
experiments , details of one are given in Table 4 

Table 4 Effect of pyrophosphate (pH 7 0) vpon 
activity of crystalline trypsin (2 mg ) 

(Inciibated for 3 hr with and without sodium pyrophos 
phftto (0 224m), cnscin substrato then added and digestion 
earned out for 40 mm ) 

(mg) 

Control 3 80 

P3Topho3phato 4 00 

Relation to metals As might bo expected, there 
was no change m the degree of inactivation duo to 
thiol produced in our oxpenmonts by addition of 
manganese or zinc (1 rag ) together with the thiol 
Tlio action of thiols wos not an effect on metals 
The activation of papain by' cyanide and thiol com- 
poimds is w ell known, and also the pioneer experi- 
ments of Hopkins iL ^Morgan (1938) upon the 
reversible mactiv ation of succinodehydrogennse by 
S S compoimds As noted by Grob (1946-6), the 
only earlier reference to an maqtivatmg action of 
thiol compounds upon trjqisin, by Grassmann et al 
(1930), referred to mactiv ation of trjqismkmose at 
pH 8 9 m 0 2m ammonia ammomum chloride buffer 
solution Usmg amoimts of ej’steme up to 0 02si, it 
was foimd that try^psin alone was substantially m- 
activated, after addmg mtermediate amounts of 
kmase, the extra digestion due to kmase was m- 
hibited, even by 0 001 it oj'steme, addition of extra 
Itmase practically abohshed the inhibition Pyro- 
phosphate behaved m a similar way It is to be 
noted that they were using an ethanohe titration as 
a method of estimation Smee we foimd no effect of 
pjuophosphate, m our opmion their results would be 
better mterpreted as bemg due to the action of a 
peptidase, present in the trypsm preparation, which 
was activated by some divalent metal added with 
the kmase It rmght be expected that the effect of 
the metal would be removed by combmation with 
a thiol or with pyrophosphate 

We have tned the effect of adding thiol upon the 
manganese activation of the peptidase which splits 


Table 6 Increasing effect of 0 288m MTEO upon the activation by manganese of aminopeptidase in a 
Fruton type extract of rat sictn as the manganese concentration is reduced Substrate, l leucylglycine 

(Samples of 0 6 ml , contaimng 4 67 mg L-leuoylglyome and 0 2 ml ekin extract, taken after digestion for titration m 
90 % acetone by the Lmderstrom Lang technique Resulte given are increaseB m 0 01 N-ethanobc HCl titrated as a result 


of the digestion ) 

Digestion 

time 

(38°) 


Nil 

Manganese addition 

0 0037m 

0 00037m 

Exp 

(hr) 

Addendum 

(ml) 

(ml ) 

(ml) 

4 

36 

Nil 

MTEG 

0 33 

0 23 

2 16 

1 83 


6 

2 

Nil 

MTEG 

0 38 
0-01 

— - 

1 86 
100 
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L-leuoylglyome m skin (Pruton, 1946, Ne^alle Jones 
& Peters, 1948), and have found a decreasing effect 
with the addition of larger amounts of manganese, 
a result much m keeping with the results of Grass- 
mann et al (Table 6) 

Discussioisr 

TJsmg smaller amounts of crystallme trypsm than 
m these experiments Grobfoimd -with approx 0 01 m 
oysteme, 69 % inhibition, with 0 04si sodium thio- 
glycoUate, 26%, with 0 003 m glutatluone, 17%, 
and with one fifth saturated HjS solution, 7 % These 
inhibitions are less cpmplete than those noted by us 
He also found a 60 % mactivation with 0 05m 
cyamde Working at pH 7 6-7 8 we have only foimd 
slight inhibition with 0 2m cyamde It is to be noted 
that Blatherwick, Bischoff, Maxwell, Berger A- 
Sahyun (1927) found that, at pH 7 0, 0 4m cyamde 
took 18 hr to maotivate insulm completely' Grob 
considered that his results showed a sensitimtv to 
oxidation reduction m the protease molecule , smce 
we have found that there is no reactu'ation by ex- 
posure to S S compounds and that the molecule 
seems defimtely to come to pieces, we think the 
phenomenon is irreversible Tlie precipitation of 
ohymotrypsmogen by SH action is the first case 
known to us on which such a change of state can be 
produced by reduction alone, m tins it seems 
umquely mtetestmg 

It IS mterestmg also that at least three active 
proteins from the pancreas are mactivated by' re- 
duction, m addition to the sirmlar action on chyrmo- 
trypsmogen It is natural to think that mactivation 
by reduction may have biological importance, but 
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for the present we have no evidence of this and must 
point out that the concentrations of thiol agents 
used here were relatively very high 

No/c added 21 October 1947 Smce the completion 
of this manuscript our attention has been drawn to 
the statement by E C Webb & R van Heyrungen 
that 0 0042M-BAL had no effect upon a commercial 
specimen of trypsm (Webb & van Heymngen, 1947) 
The result does not conflict with our statements, as 
the concentration used was relatively small and the 
tune of exposure to the enzyme alone not more than 
16 mm 

SUMMARY 

1 Several thiol compounds, monothioethylene 
glycdl, cy'steme, glutathione, 2 3 dimercaptopro 
panel, thiosahcyhc acid and sodium sulphide ure 
versibly mactivate crystallme trypsm and chyuno 
try'psm 

2 Tins action, hke the well known effect on 

msulm, mcreases on the alkalme side of the neutral 
pomt, , 

3 Tlie mactivatmg effect is not reversible by 
exposure to S S compounds, and is accompamed by 
the appearance of SH groups This is not an un 
maskmg of tluol groups by ordmary denaturation 

4 SH groups also appear m ohymotrypsmogen 
upon treatment with some thiol compounds, and 
the protem is precipitated 

Our thanks are due to Mr A. Hamson for help with the 
preparation of the crrstaUine enzymes, to Dr L A Stocken 
for 03 Stine and cysteine ester hy drochlonde and for porphy 
rmdin, and to Dr MTuttaker for monothioethyleneglycol 


ADDENDUM 

Examination of Chymotrypsm in the Ultracentrifuge 

By R CECIL, Department of Bioclmntstri/, Oxford 

A sample of chymotrypsm was exammed m the 
Svedberg od turbme ultracentrifuge by the method 
of Philpot (1938) The concentration of protem was 
0 74% (refractive mcrement at 646 mp =0 00134) 
m buffer containmg 0 2M-NaCl, OOSSmRHiPO,, 
and 0 008M-NajBIPO^ The speed was 1020 rev /sec 
The sedunentative diagram (Fig 6) showed a 
single homogeneous component of S^q (corr ) = 

3 09 X 10~^^ Integration oftlie area of the boundary' Pig 5 Sedunentative diagram of chymotiypsm, showing 

accounted for 76 % of the total refractmg material the boundary 70 mm after reaching full speed. 
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Quantitative Determination of Glutamine and Glutamic Acid 

Br H A KREBS, Unit for Research in Cell Metabohsni (Medical Research Council), 
Department of Biochemistry, The Uniicrsity, Shcfield 

(Received 23 October 1947) 


Washed suspensions of Clostridium icclchn, strain 
SR 12, as shown by Gale (1945, 1947), specifically 
decarhosylate l glutamic acid and L glutamine and 
are thus a specific reagent for the deterrmnation of 
these two substances It is shown in this paper that 
the decarboxylation of glutamine is accompanied by 
the formation of an equivalent amount of ammonia, 
and tliat the glutammase responsible for this reaction 
IS higWy specific No other compound has so far 
been found to yield ammoma when meubated with 
washed suspensions of tho organism at pH 4 9 This 
glutammase preparation is more com ement to make 
than Archibald’s (1944) glutammase preparatiou 
from ladnej'- and is more specific 

Tlie following method for the quantitative deter 
mination of glutamic acid and glutamine rests on 
these facts, and combmes the principles used by 
Gale (1946) and by Archibald (1944) Tlie sum of the 
substances is detenmned accordmg to Gale’s pro 
oeduxe, shghtly modified, by raanomotric deter 
mination of the carbon dioxide evolved on decarb 
oxjdation The ammoma is then estimated m the 
solution treated with Ol welchit, and m a sample not 
so treated The difference represents the glutammo 
Prelnnmary experiments mdicated that the rate 
of CO. evolution from glutamme is under some con 
ditions considerably slower tlian the COj evolution 
from glutamic acid, and a detailed study of the oon- 
ditions favourable for the quantitatii e decerboxy 
lation of glutamme was therefore required 


EXPERBtENTAL 

Bacteria The strain SR 12 old iceleh it as recommended 
by Gale (1045) was used for most espenments In a few 
cases, a stram of tlie same species supplied by the Depart- 
ment of Bacteriology of this Umveraity and containing 
a iustidme and a glutamic deearbcxylose was used The 
organisms were grown at 38° m the medium suggested by 
Gale except that 60 ml of yeast extract were added to 1 1 
medium (prepared by autoclaving baker’s yeast with an 
equal volume of water and filtering) The washed cells from 
about 1 1 medium were suspended in about 16 ml of 0 45 % 
(w/v) NaCl The dry weight of the baotena m the suspension 
was determmed m a 0 2 ml sample The yield from 1 1 of 
medium was 1 1-1 6 g of dry bactenn All data on bacterial 
weights m this paper refer to dry weight The suspension was 
kept m a refrigerator where its activity did not appreciably 
deteriorate withm a month 

Chemical determinations CO, was measured mono 
metncnlly with aw m the gas space of the vessels, NH, 
according to tho method of Pamas A Heller (see Pamas, 
1034) 

Chemicals The n-glutamme used was prepared from 
mangel wurzels In spite of frequent recrystallizations irom 
ethanol water and water, its punty was only 93 % as judged 
by amide N content and CO, evolution Among the im 
puntios were about 1 3 % arginine (see Archibald, 1945) The 
n-glutamic acid preparation was 96% pure The impunty 
was probably its optical enantiomorph, as the ammo N 
content agre^ with the theoretical value whilst Gale’s 
method yielded 96% 
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Table 1 Bate of CO. evolution from glutamine and glutamic acid hj Clostndium welchu 

at varying substrate concentrations 


(Each cup contained 2 ml aubstrate solution, 1 ml 0 2 m acetate buffer (nH 4 9) 0 05 ml 
30° ) , 


bacterial suspension ( s 1 1 mg ) , 


Substrate 


Glutamme 


Glutamic acid 


Fmal substrate concentration (m) 

0 013 

0 0005 

Total amount of snbstrate/cnp (/j ) 

448 

224 

COj (pi ) evolved after 10 nun 

19 

12 

20 mm 

39 

28 

40 min 

91 

58 


0 00326 

0 001625 

0 013 

0 0065 

0 0034 

0 001625 

112 

60 

448 

224 

112 

56 

66 

1 

34 

30 

17 5 

' 13 

14 

3 

05 

65 

36 

23 6 

29 5 

7 

122 

120 

65 

46 


Table 2 Effect of pH on the rate of CO. evolution from glutamine and glutamic acid by Clostndiiim ■welchu 


(Each cup contamed 3 ml 0 I'M acetate or lactate buffer, 1 ml 0 01 m substrate, 0 5 ml bacterial suspension (11 mg ), 


Substrate 



Glutamic acid 

A 





Glutamme 



Buffer 



Acetate 



N 

Lactate 

A 


Acetate 

A 



s 

Lactate 

pH 

(pi ) evolved after 

50 

47 

44 

41 

37' 

34 

30 

‘50 

47 

44 

4 1 


'34 30 

5 nun 

00 

64 

74 

74 

75 

64 

34 

26 5 

21 6 

16 

10 6 

85 

2 1 1 

10 nun 

154 

100 

168 

100 

143 

115 

74 

72 

67 

35 

22 

18 

6 2 

15 mm 

189 

198 

203 

203 

179 

170 

110 

110 

109 

62 

30 

25 6 

9 3 

60 nun 

211 

211 

210 

218 

208 

218 

203 

190 

184 

132 

82 

645 

26 12 


Metabolism of glutamine in Clostndium welchu 

Rate of COj evolution from glutamine Data com 
panng the rates of COj e\ olution from glutamme, 
and from glutamic acid imder the same conditions, 
are recorded m Table 1 Differences m the rates are 
especially marked at low concentrations of the sub- 
strates As ■wdl be shoivn below, these results, 
obtamed on pure solutions of the substrates, can be 
modified by the presence of other substances 

Effect of pH Glutamic acid decarboxylase shows 
only small changes m actmty between pH 3 4 and 
6 0 (Table 2, see also Gale, 1941) Tlie optimum is 
fairly broad and extends from about pH 3 7 to 4 4 
At pH 3 0 (lactate buffer) the actl^^ty is still about 
60% of the optimal acti-Mity In contrast, CO, 
evolution from glutamme falls fairly rapidly •with 
pH between 6 0 and 3 0, at pH 3 0, the rate is only 
3 % of that observed at pH 6 0 

Production of ammonia Fig 1 shows that the 
evolution of COj from glutamme is accompamed by 
the production of ammoma Durmg the early stages 
of the reaction more amm onia than CO. is formed, 
but later the yields of both substances become 
identical This mdicates that the formation of 
ammoma precedes decarbox 5 lation, as is home out 
by the observation that the CO, e\ olution from 
glutamme, unlike that from glutamic acid, has a 
short lag period durmg which the rate of decarboxy- 
lation gradually rises (Table 2, Fig 1) This is to be 
expected if the substrate of decarboxylation, gldta 
mic acid, is not present at the start, but Is gradually 
formed imder the influence of glutammase Further 


endence of the primary hydrolj’sis of the amide 
group is afforded by inhibitor experiments Cyamde 
(3 X 10“®m), which completely inhibits decarboxy- 
lation (Gale, 1946), but has no effect on the e\ olution 



Min 


Fig 1 Formation of IlHj and COj from glutamme m the 
presence of CToifndfi Kin leelchit 3 m] 0 2m acetate buffer, 
pH 4 9, 1 mL 0 01m glutamme, 0 5 ml bactenal bus 
pension ( = 11 mg ), 30° The reaction iras mtermpted by 
addition of 1 mb 2 x HCl at the specified time 

of ammoma, separates the action of glutammase 
and glutaimc decarboxylase, whilst HgClj inhibits 
both reactions (Table 3) 
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Table 3 Effect of HCN and HgCl. on the aclton of 
Clostndium ■aelchu on glutamine 

(pH 4 6, 1 40 mg glutamine, 30“ ) 

Inhibitor 

, ^ , 

3x10-’m SxIO-’m 
None HgCl, HCN 

CO, after 00 mm (pi) 171 2 3 

NH, after 60 mm (pi) 183 ~Nil 100 

Temperature coefficient of decarboxylation Tlie rate 
of decarboxylation of glutamine and of glutamic 
acid at 40° was about GO % faster than at 30° Tliere 
was no mdication that the bacterial cells suffered 
damage tlirougb prolonged mcubation at 40° 

Effect of narcotics Gale (1946) has alreadj noted 
that ethylurethane does not mhibit bacterial de 
carboxylases Other unspecific ‘ narcotic ’ mhibitors 
like octanol or phenylurethane (both m saturated 
solutions) were found not to affect the decarboxj' 
lation of gluta min e 

Salts At pH 4 9 no difference m the rates of 
decarboxylation was found when the concentration 
of the acetate buffer was varied between 0 06 and 
0 2m Higher buffer concentrations caused m 
hibitions, c 40 % by 0 4 m buffer and c CO % bj' 
0 Sm buffer NaCl, m presence of 0 2m acetate 
buffer, had no appreciable effect as long as its con 
centration did not exceed 1m (see also Taylor A 
Gale, 1946) 

Effect of detergents In the course of expierunents on 
inhibitors it was observed that addition of cetyltri 
methjlammomum bromide (‘cetavlon’) accelerated 
the decarboxj lation of glutamme Examples are 
shown m Table 4 The magmtude of the effect 
depends, among other factors, on pH Under the 


conditions shown m Table 4, the increase of the 
initial rate was c 2 6 fold at pH 4 9, c 10 fold at 
pH 4 landc 20 foldatpH3 8 Tlius the shape of the 
pH actmtj cun e of tlie decarboxylation of glut 
amme is changed by the detergent, and the curve 
obtamed w ith washed ceU suspensions is therefore 
not the true pH activity curve Other factors, pre 
smnablj' the pormeabilitj' of tlie cells, affect the rate 
of interaction between enzyme and substrate 

Table 6, grnng the effects of ^ arymg concentra 
tions of cetavlon, shows that 0 48 mg detergent can 
appreciablj^ mcreaso the activity of 6 mg bacteria 
and that the maximum effect is produced by about 
1 mg detergent 

The decarboxylation of glutamic acidxvas, imder 
the same conditions, also occlerated bj’’ cetavlon, 
but owmg to the relatively high rate of the de 
carboxj’lation of glutamic acid without detergent 
the percentage mcrease produced by cetavlon was 
smaller than m the case of glutamme The effect of 
addmg the detergent to the bacteria before the sub 
strate, e g mcubation with cetavlon for 20 mm 
before the addition of the substrate, was to produce 
mactivation (see also Baker, Harrison A Miller, 
1941) 

An amomc detergent, sodium dodeejd sulphate, 
completely inhibited the decarboxylation of glut 
amme under the conditions stated m Table 4, when 
0 06 % detergent was added to the substrate 
solution 

In experiments with another stram of Ol lodclm, 
which decarboxylated liistidme m addition to 
glutamic acid and glutamme, cetavlon likevnse ac 
celerated the glutamic decarboxylase but inhibited 
the histidme decarboxylase, wlulst sodium dodecyl 
sulphate inliibited the decarboxylation of glutamic 


Table 4 


Effect of cetavlon on the decarboxylation 


of glutamine at different pH 


(1 46 mg glutamme in 3 ihL 0 2 m buffer, 40°, 01ml bootenal Busponsion (3 rag bactena), cetavlon added to 
substrate solution ) 


Buffer Acetate Acetate 

pH 49 41 

Cetavlon (%) 0 0 

CO, (fit) evolved after 6 mbi 26 0 

10 min 62 11 

16 nun 77 13 

20 nun 96 10 

30 nun 126 21 


Lactate 

Acetate 

Acetate 

Lactate 

38 

49 

41 

38 

0 

0 13 

0 13 

0 13 

2 

68 

66 

39 

4 

137 

111 

80 

6 

174 

172 

126 

7 

187 

192 

161 

8 

196 

204 

180 


Table 6 Effect of varying cetavlan concentrations on the decarboxylation of glutamine 

(IWmg glutamme m 4 mL 0 1m acetate buffer, pH 41, 0 2 ml bactenal suspension (6 mg), cetavlon added to 
substrate solution ) ' o /> 


Cetavlon concentration (final) (%) 
Total amount of cetavlon added (mg ) 
CO, (fil ) evolved after 6 mm ' 

10 mm 
16 mm 


0 

0 012 

0 024 

0 

048 

0 96 

2 

17 

89 

8 

44 

176 

13 

66 

201 


0 048 0 096 2 0 

1 92 3 84 80 

78 87 85 

182 181 179 

205 202 206 
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acid and glutamine and had no effect on the lustidme 
deceirboxylase Tliese expenmehts will be reported 
m full elsewhere 

Effect of serum Blood serum (Table 6 ) also ac 
celerated the decarboxjdation of glutamme by 01 
welchit, the effect dependmg on pH At pH 4 1, 
larger (c 10 fold) amounts of serum were required 
than of cetavlon (on a w/w basis) and the maximum 
effects of serum were smaller Gelatm (0 6 %) had 
no effect , ‘ Bacto ’ peptone (0 6 %) caused a small m- 
crease (about 30 %) of the mitial rate IVhen both 
cetavlon and serum were added, the effects observed 
were somewhat smaller than those of cetavlon alone 
(Table 0) At pH 4 9, the maximum effects pro 
duced by cetavlon and by serum were about equal, 
and smaller quantities, about one half, were required 
for the maximum acceleration Aqueous extracts of 
animal tissues had effects similar to tho'se of serum 


1948 

CelyUrimeihylammontum bromide Commorcml cetavlon 
m water (2%) served as a stock solution According to the 
makers, cetavlon contains about 70% of cetyltmnethyl 
ammonium bromide A purer preparation (about 97%), 
kindly supplied by Jlr S Elbngworth of Imperial Chemical 
(Pharmaceuticals) Ltd , did not appreciably differ from 
commercial cetavlon in its action on the decarboxylation of 
glutamme 

Manomclnc arrangement Corneal flasks provided with 
a side arm are used The solution to be exammed is placed m 
the mam compartment If very acid or very alkalme it is 
first adjusted to c pH 4 9 by the addition of HCl or NaOH, 
and finally by 3 m acetate buffer, usually ft vol The total 
volume of the flmd m the mam compartment should not 
exceed 4 mL The side arm contams 0 6 ml of bacterial bus 
pension Two types of control are required, one to measure 
the gas exchange of the bactena alone, the other to measure 
the gas exchange of the solution to be exammed The first 
contams the bacterial suspension in the side arm and 4 ml 
0 2m acetate buffer m the mam compartment The second 


Table 6 Effect of serum on the decarboxylation of glutamine at pH 4 1 


(1 46mg glutanunem4m] total volume, 0 iM acetate huffer,pH4 1,40°, 0 1ml bactenal suspension (3 mg ) 
contamed 7 9 % protem ) 

The serum 

Sheep serum added (ml ) 

0 

02 

04 08 

1 0 

0 

08 

Cetavlon added (mg ) 

— 

— 

— — 

— 

1 6 

1 6 

CO, (pi ) evohed after 6 mm 

3 

11 

23 37 

62 

66 

62 

10 mm 

6 

20 

50 86 

117 

149 

133 

16 mm 

7 

32 

79 120 

166 

186 

176 


Procedure for the determination of glutamme 
and glutamic acid 

Data presented m the previous section indicate 
that Gale’s conditions (pH 4 6, 30°), though satis- 
factory for the determination of glutamic acid, are 
not optimal for the decomposition of glutamme A 
less acid medium of pH 4 9 and a temperature of 40° 
18 therefore proposed A pH higher than 6 0 would 
be disadvantageous with regard to the manometno 
detenmnation of CO 2 , because at such a pH the 
medium would retam CO. Furthermore, addition 
of cetavlon is recommended if the material to be 
exammed does not contain some protem Extracts 
of animal tissues usually accelerate the decarboxy- 
lation of glutamme sufficiently to make the addition 
of cetaxdon unnecessarj^ 

'Eeagents 

Bacterial suspension The stock suspension of Cl lodckii is 
diluted withO 2m acetate buffer (pH 4 9)to contamc 25mg 
dry bactena/mL If kept m a refrigerator the suspension may 
be used for about a month 

Stool acetate buffer 160 ml 3 m Na acetate are mixed with 
100 mL 3m acetic acid This buffer (pH 4 9, 3m) is diluted 
to a final concentration not exceeding 0 2m, smee higher 
concentrationB inhi bit the enzyme 


contams a sample of the unknown 8oJnfion,'treated m the 
same way as m the test (no bactenal suspension m the side 
arm) The manometers are shaken at 40°, the contents of the 
side arm are mixed when eqnihbnum is established, and 
readmgs are taken until evolution of COj ceases Glutanuc 
acid usually reacts completely withm 16 nun , glutamme 
withm 20-30 mm 

The control contammg bactena alone usually gave a small 
negative pressure, e g 4 /iL m the first 30 mm and 6 pi m 
the second 30 mm , and it contamed no more than a trace of 
NHj (4 pL) The gas exchange m the second control, also, is 
often neghgible An 0, uptake, however, may occur when 
tissues are exa min ed m which the enzymes have not been 
mactivated (see below) 

Determination o/NH, On completion of the COj evolution 
the cups are detached from the manometers, and NHj is 
determmed m the solutions by steam distillation in vacuo 
accordmg to Pamas (1934) A modified apparatus which 
allows the collection of 20 mL of distillate was used 

Calculation For convemence the amounts of COj and 
NHj ore both expressed m pi After correction for blanks, 
the NH, produced m the unknown solution is eqmvalent to 
the glutamme, and the COj to glutamme + glutamic acid 

Recovery of glutamine 

Recovery of glutamme from pure solution was 
satisfactory as shown m Table 7 The errors m eight 
determmations did not exceed 4 % m the jueld of 
CO 2 and 6 % m the yield of NH 3 
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Table 7 EcQovcry of glutamine from pttrc solutions 


(Procedure as described in to'rt ) 


Amount of glutamme analyzed (ml 0 01 3i solution) 

2 

1 

0 5 

0 26 

Glutamme expected (pi ) (ollowmg for 03% puntj) 

416 

208 

104 

62 

CO. (pi ) evolved Dupheates 

410 

410 

212 

212 

105 

103 

66 

60 

Average 

418 

212 

104 

63 

NH, (pi ) found Dupheates 

420 

400 

210 

210 

106 

110 

64 

60 

Average 

410 

213 

108 

62 


Table 8 Changes tn the concentration of glutamic acid and glutamine in animal tissues on storage 

(Procedure as deaenbed on p 60 except that the tissue -vras not placed m bquid air ‘fresh’ tissue was placed m iced 
water within a few minutes of death of the animal, and analyzed after being kept in the ice for about 50 min Stored at 
26°’ refers to a sample of the same hier kept m ice for the same time and then left in a covered vessel at 26° for 24 hr ) 

Substance (pi /g uethver) 





i 

Glutamic acid 

Glutamme 

Preformed NH; 

Liver I Presh 

131 

35 

69 

Stored at 26° 

226 

14 

380 

Liver II‘ Fresh 

146 

24 

97 

Stored at 26° 

306 

16 

306 

Laver III Presh 

84 

29 

36 

Stored at 26° 

162 

6 

278 

Spleen Fresh 

137 

16 

34 

Stored at 25° 

179 

~0 

492 


Specificity 

The following substances, in quantities of 6 mg 
each, did not produce NHj or CO, under the con 
ditions of the glutamme determmation 

Ammo acids glycme, dl alatune, Di,-ci,trulline, 
L argmme, L phenylalanme, l tyrosme, l trypto 
phan, L cysteine, l oystme, dl methiomne, l lusti 
dme, L aspartic acid 

Acid amides l asparagme, urea, nicotin ami de 
Purme derivatives adetune, guaiune, unc acid, 
allantom, adenyhc acid (muscle), adenyhc acid 
(yeast), adenbsmetnphosphate 
Miscellaneous glucosamme, mcotmio acid, crea 
tme, oreatmme, sucomimide 

Preparation of animal tissues for the determination 
of glutamic acid and glutamine 

Prelimmary experiments mdicated that special 
precautions have to be taken when glutamic acid 
and glutamine are to be dete rmin ed in animal tissues 
The concentration of these two substances can 
undergo rapid changes, owmg to the presence of 
proteolytic enzjnnes and glutammase ul these 
matenals Inactivation of the enzymes is not 
always practicable because operations commonly 
employed for this purpose are liable to destroy 
glutamme or to generate glutarmo acid from protein 
or peptides 


Wben mtoct fresh tissue was kept at room temperatnro 
the glutamic acid mcreased and the glutamme fell (Table 8) 
In mmced tissue, mixed with 2 parts of 0 Jn HCl (resulting 
pH 3 7), both glutamic acid and glutamme rapidly mcreased 
even if the suspension was kept m the refrigerator (Table 0) 
The parallel increase m ammo N mdlcates that the mcrease 
18 due to proteolysis 

Table 9 Changes in the concentration of glutamic acid 
and glutamine in acidified liver suspensions 

(Chilled sheep hver ground with 2 parts 0 1 N HCl (pH of 
suspension 3 71 electrometncally) Ammo N determmed 
with nitrous acid method after deprotemization with tn- 
chloroacetic acid ) 

Substance (fd jg wet wt ) 


s. 


Treatment of hver 

Glutamic 

Glut- 

Pre 

formed 

Ammo 

suspjEnflion 

acid 

amine 

NH, 

N 

Fresh suspension 

110 

29 

69 

920 

Stored 24 hr near 0° 

216 

67 

196 

6,040 

Stored 24 hr at 25° 

442 

148 

260 

13,900 


When Oil, HCl was replaced by 0 3ii HCl, the pH of the 
resulting tissue suspension being 2 2, an mcrease, though 
- smaller, of both glutamic acid and glutamme was observed 
on 24 hr storage m the refrigerator On the other hand, the 
concentrations of glutamic acid and glutamme m a suspen- 
sion containing 1 part of tissue and 2 parts of 0 6ir HCl (pH 
about 1 0) remamed almost constant m the refrigerator for 
24 hr After 48 hr , however, some of the glutamme had been 
converted mto ammomum glutamate The higher amount of 
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aoid (0 5 n) also inhibited the rise m ‘preformed’ NH,, 
1 e the NHj present in the tissue before the addition of Cl 
taelchti (Table 10) 

Table 10 Changes in the concentration of gliitaimc 
acid and glutamine in acidified liver susjiensions 

(Rabbit hver frozen in hqmd air for 20 mm , thaived, 
nimced and mixed inth 2 i ol 0 6 n HCl ) 


Substance (pi /g wet wt ) 



Sum of 
glutanuQ 
acid and 
glutamme 

Glutamme 

Preformed 

NHj 

Examined immediately 

138 

27 

60 

Stored 24 hr near O'’ 

138 

28 

48 

Stored 48 hr near O'’ 

139 

12 

01 

Stored 24 hr at 20'’ 

152 

— 




A further error to be avoided is a loss of glutamic acid and 
glutamme, which occurs when tissue is packed in ice The 
water from the meltmg ice penetrates mto the tissue and 
causes it to swell At the same time, ammo acids (and other 
substances) diffuse mto the hypotomc medium The result 
IS that the concentrations of the ammo acids/umt weight of 
tissue fall The magmtudeofthe changes IS illustrated bj the 
foUowmg example 69 g of hver, placed m 200 ml water 
and 200 g ice m a Dewar vessel, weighed 99 g after 24 hr , 
whilst 62 mg of glutamic acid had diffused mto the 
water 

A comphcation mterfermg with the manometno COj de 
tenmnation is the Oj absorption which extracts or sus 
pensions of hver, and to a less extent of testis, exhibit when 
shaken m air at pH 4-5 Most tissues tested (kidney, cortex 
and medulla, bram, spleen, heart, skeletal muscle, pancreas, 
thyroid gland) have no appreciable 0. uptake under the 
experimental conditions Sheep hver absorbed about 0 7- 
1 26 pL/mg dry ivt /hr at 40’’, without yieldmg COj Often 
the rate mcreased with time The substrate of this oxidation 
has not been identified In some expenments the rate of the 
Oj uptake mcreased on addition of the bacteria, and the 
tissue suspension alone is therefore not a satisfactory control 
to measure the Oj uptake The difiBculties are overcome by 
filling the gas space of the manometers with Nj 

Procedure for the preparation of animal tissues On the 
basis of the above observations the foUowmg procedure was 
adopted. The material, cut mto 5-10 g pieces, was thrown 
mto hqmd air as qmckly as possible after death, and left 
there for at least 15 min After removal fiom the Dewar 
vessel it was min ced m a cooled tissue grmder as soon as 
the consistency permitted, transferred to a tared beaker, 
weighed, and 2 mh of cooled 0 6i, HCl/g tissue were added 
with thorough mixing If the suspension could not be 
analyzed immediately it was stored m a refrigerator For 
the determination of glutamic acid and glutamme, 2 mh of 
suspension were pipetted mto the mam compartment of a 
comcal Warburg vessel, followed by 0 1 ml of 0 1 % aqueous 
methyl orange and just sufiBcient IT NaOH to change the 
mdicator to yellow (usually about 0 6 ml ) Next, 0 2 ml 
3 m acetate buffer (pH 4 9) was added to the mam eompart 
ment The further procedure was as already described, 
except that the gas space of the vessels was filled with N, 
and the centre contamed a stick of yellow phosphorus 
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Recovery of glutamine added to tissue suspensions 
When, known amounts of glutamme were added to 
acidified hver suspensions recovery was satisfactors 
for example, 73 pi added, 74 pi recoiered, 36 6 pi 
added, 41 pi recovered 

Presence of inhibitors Like other analjiiical 
methods based on the use of enzymes, the present 
procedure cannot be applied to solutions contanung 
mlubitors of the enzymes concerned If the presence 
of mlubitors in the unknown material cannot be 
excluded, glutamme should be added and its re 
co\ erj tested As the decarboxjdation of glutamine 
IS more sensitive tow ards some mhibitors than that 
of glutarmc acid, the latter is not alwa5S a smtable 
tost substrate In pure solutions various mdicators 
(0 01 %), such as phenolphthalem, bromocresol 
green, bromocresol purple and amomc detergents 
such as sodium dodecyl sulphate (0 05 %),werefound 
to mlubit the decarboxylation of glutamme Tliese 
mhibitions were largelj’- abohshed by the addition of 
cetavlon (0 05%) or serum (1ml to 3— 4 ml solu 
tions), and the addition of one of these reagents may 
therefore be advisable if mlubitors are present If 
serum is used, a blank determmation is required, 
human serum pontams about 8 mg of glutamme and 
2 mg of glutamic acid/100 ml 

DISCUSSION 

The mam advantage of the present method over 
some previous techmques is the lugher degree of 
specificity, coupled with relative simphcity "STckerj', 
Pucher, Clark, ChibnaU & WestaU (1935) deprecated 
the general apphcation of their procedure (heatmg 
for 2 hr at 100'’ at pH 6 5 and estunatmg the mcrease 
m NH3 N) to miknown material because of lack of 
specificity They reported that urea and aUantom 
yielded NH3 Bartley &. Krebs- m unpublished ex 
perunents found that mcotmanude methochlonde 
formed about 0 25 mol of NH3 when subjected to 
the procedure of Vickery et al As mcotmanude 
methochlonde is analogous to the pyndme nucleo 
tides it IS possible that these coenzymes also form 
NH3 The specificity of Archibald’s glutanunase 
from kidney is hkewise imperfect, m that it is con 
tammated with deanunases hberatmg NH3 from 
ammo purme nucleotides 

It cannot be claimed that the specifioity^ of the 
glutanunase of Gl welchii (stram S R 12) is absolute 
However, it seems to Ite very high, since so far no 
substance apart from glutamme has been found to 
form NH3 under the experimental conditions More 
over, m a large number of analyses of anunal and 
plant tissues, no matenal was encountered where the 
yield of NH3 exceeded that of CO2 If substances 
other than glutamme can produce NH3 with the 
bacterial enzyme, an excess of NH3 over COj might 
have been expected 



Vol 43 


67 


DiyrERMINATION OF GLOTMUNE AND GLOTAiDO AGED 


SUMMARY 

1 L Glittamme jnelds one molecule each of NHj 
and of CO, when added to washed suspension of 
Clostndium welchit m acid solution The formation 
of NH, precedes that of CO, The ‘glutammase’ of 
the orgarusm is luglily specific, none of manj sub 
stances tested was found to yield NH, 

2 Tlie methodfor the determination of glutamine 
and glutamic acid combines the principles used by 
Gale and by Archibald The sum of the substances is 
detemimed acoordmg to Gale by manometnc deter- 
mination of the CO, evolved on decarbovylation 
The NH, IS then estimated m the solution treated 
with Cl wdciin and m a sample not treated with the 
bactena Tlie difference represents the glutamme 

3 The conditions affectmg the quantitative re 
action of glutamme were exammed In pure solutions 


glutamme reacted much more slowly than glutamic 
acid, and the rate of reaction of glutamme, and to 
a smaller extent that of glutamio acid, was much 
(m some coses more than tenfold) accelerated by 
oetyltrimetliylammoninm bromide, serum or tissue 
extracts In the presence of these substances the 
maximum rates of the decarboxylation of glutamme 
and glntamio acid were approximately equal 

4 The slow reaction of glutamme seems to be due, 
under some conditions, not to the low activity of the 
glutammase or glutamic decarboxylase, but to per 
meabihty barriers Remo\ al of these bamers would 
account for the acceleratmg effect of cetyltrimetbyl 
ammonium bromide 

6 Tlie glutamme and glutamic acid content of 
animal tissues rapidly increases after death owng 
to autolj SIS A procedure lias been elaborated which 
muumwes the effects of autoljdm enzymes 
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The Recovery of i-Nicotme from Ammal Tissues 
and its Colorimetric Micro -estimation 


By a R TRIM, Btocliemrcal Laboratory, University of Canibridge 


[Received 3 Noveniber 1947) 


Some heterocycho substances containing a tnvalent action of cyanogen bromide on furfural, when 
mtrogenatomreactwith 1 2 4 clilorodinitrobenzene the nng opens at the cychc oxygen atom Tlie 
(Vongenchten, 1890, Reitzenstem, 1903), cyanogen glutacomo demative obtamed m this way will 
bromide, phosphorus pentaohlonde (Kdmg, 1904) condense with certam aromatic anunes to form 



CNBr 



CN Br 


CH OH 
I H 

CHO CHOH 


(I) 



OHO OHO 


2BNH,+ 


CH CH, 

I 1 

CHO CHO 


BNH C NHB 


(H) 


and other substances to produce an unstable penta- 
a-alent mtrogen derivative wlucb immeiately 
changes to an open obam derivative of glutacomo 
aldebjde (see (I)) A similar change occurs m the 


stable coloured compounds (see (11)) The tint 
and mtensity of colour produced depend primarily 
upon the structure of the heterocycho base and the 
amme In the cases whicli have been investigated 
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the'idevelopment of colour is also influenced by the 
pH and the concentration of inorganic ions in the 
solution 

This reaction has been widely used for the de- 
tection and estimation of pyridine den\ative3 of 
biological importance Tlie procedures adopted have 
been reviewed by Bacharach (1941) and Waisman & 
Elvehjem (1941) Barta & Marschek (1937) esti- 
mated mcotme m tobacco by measuring the colour 
produced by the action of cyanogen bromide and 
^-naphthylamme on extracts of the plant This pro 
cedure has now been developed for the accurate 
estimation of mcotme recovered from animal tissues 
by a distillation procedure Quantities up to 600 [tg 
of the base were recovered from 2 to 10 g wet weight 
of tissues m 16 ml of distillate Quantities of 
2 fig /ml distillate and upwards were estimated with 
an error of ± 1 % 

EXPERBCENTAL 

Beagtnts (1) I Nicotme, purified by distillation under 
reduced pressure, b p 122-123°/16 mm , n" Z 5230 Stan 
dard solutions were prepared by dissolving a weighed 
quantity of fireshly distilled mcotme in water immediately 
before use 

(2) Cyanogen bromide, prepared m aqueous solution by 
the method of Larson <L Haag (1944) This was only necessary 
for the estimation of small quantities of mcotme with 
maximum accuracy, and for most purposes the solution 
obtamed by just decolorizing saturated bromme water with 
10 % (w/v) KCN solution was found to be suitable This pre 
paration was diluted five tunes with distilled water and 
adjusted to pH 6 with KCN solution If kept at 0“ both 
solutions lasted for a week without deterioration 

(3) Ethanohc jS naphthylamme ^ Naphthylamme was 
recrystaUized from ethanol immediately before use to 
remove the coloured substances which are rapidly formed 
from it on exposure to Lght The purified amme was made up 
m 0 2 % (w/v) solution m 95 % ethanol before use 

(4) 0 2m: Sorensen’s phosphate buffer, pH 6 9-6 1 

(5) Acid aqueous ethanol This consisted of a mixture 
containing 9 parts by volume 60% ethanol and 1 part of a 
mixture of equal volumes of glacial acetic acid, concentrated 
HCl and amyl alcohol 

The reagents were used m the followmg order and pro 
portions mcotme solution, 1 0 ml , buffer, 0 2 ml , CNBr 
solution, 0 27 mL, ethanohc jS naphthylamme, 1 0 ml 

Factors tnfluencing the rate of colour development 
and tntensUy 

A number of workers (see Bacharach, 1941, 
AVaisman & Elvehjem, 1941) have used this reaction 
for the estimation of nicotimc acid and nicotm- 
annde 'The more recent investigations have shown 
that the mtensity of colour developed is markedly 
mfluenced by the pH m the solution and by the 
presence of inorganic ions This was also found to be 
the case with I mcotme The addition of the phos- 
phate buffer mdicated above led to the development 
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of the maximal mtensity of colour This buffer was 
the sole source of morgamc 10 ns present m the first 
stage of the estimation 

The rate of colour development, which is slow at 
room tempefature, was mcreased by heatmg to 37° 
At 37° and the optimum pH 5 9-6 1 it was found 
that the colour developed was yeUowwhich gradually 
mcreased m mtensity and changed to orange red 
Measurements with a spectrophotometer showed 
that there is a peak of extmction between the 
wave lengths of 490 and 660 mp In view of this, 
green colour filters were used m subsequent m- 
vestigations Measurements were made with the 
Spekker photoelectric absorptiometer, using the 
green filter no 6, and m routme visual colorimetry 
with the Duboscq type colorimeter Chance’s glass 
filter 0 Gr 1 was employed With the aid of the 
absorptiometer it was found that the mtensity of 
colour reached a maximum m 2 6 hr and remamed 
constant up to 20 hr A typical set of results is 
shown m Fig 1 A senes of tubes containing 300 pg 



Fig I Nicotme (300 pg ), cyanogen bromide and ethanohc 
j3 naphthylamme Belation between extmction coefB 
cient and the time of heating at 37° 

of picotme m 1 ml of solution was treated with 
appropnste volumes of reagents and kept at 37° 
At mtervals tubes were removed m duphcate, the 
contents made up to 20 ml with 60 % ethanol and 
the optical density read m the absorptiometer Tlie 
relation between the extmction coefficient and the 
tune of heatmg is shown 

If one of the above solutions is taken after a 
minimum of 2 6 hr heatmg, made up to 20 ml with 
50 % ethanol and allowed to stand m the air, the 
second colour change takes place A slow mcrease 
of optical density occurs and the tmt changes to 
wards magenta This change is greatly accelerated 
by the addition of acid aqueous ethanol (reagent 6) 
m the place of 60% ethanol Fig 2 shows the 
relation between the extmction coefficient and the 
time of keepmg at room temperature of solutions 
from the above senes which had been heated for 
2 6 hr at 37° and then made up to 20 ml with acid 
aqueous ethanol The diagram shows that the change 
IS complete withm 2 hr However, m practice it is 
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mCRO-ESTBIATION OF NICOTINE 


not necessarj' to wait for 2 hr before reading, for 
the relatne rate of increase of e^inction is inde 
pendent of the original concentration of nicotine 
Pro^■lded, therefore, that the acidified ethanol is 
added to all the solutions at the same time, they may 
be compared mth a standard, prepared simul 
taneouslj mth them, at any time after the addition 
Absolute rendmgs nath the absorptiometer can, of 
course, only be taken after the full 2 hr has elapsed 



Fig 2 Nicotine (300 fig ), cyanogen bromide and ethanoho 
p naphthylamine Kelntion between e-ctinction coefB 
aent and the time of kccpmg with acid ethanol at room 
temperature after the fuU development of the pnmary 
colour at 37° and pH 6 


it IS desirable to hat e the nicotine m a mirmnmn 
volume of distillate It was, found that the base 
could he recot ered quantitatively from the tissues 
of the nematode Ascans lumbricmdcs var suts by 
a mochfication of the procedure of Werle & Becker 
(1042) The distillation apparatus, which is based 
on tho Pregl micro Kjcldahl apparatus, is illustrated 
m Fig 4 Fresh worm tissue (2-10 g ), containmg 
nicotme, was chopped mto the detachable flask A 
The followmg reagents were then added ( 1 ) distflled 
water to a total weight of 25 g , (2) 11 g ofNaCl,and 
(3) 0 3 g of jVIgO 


To coadenjer 



Fig 3 Relation between- the estmction coefficient of tho 
reaction mixture and the concentration of mcotme 


Fig 4 Diagram of distillation apparatus for the recovery of 
mcotme from tissues 


Beer's law As is shoivn by Fig 3, there is a hnear 
relationship between colour and nicotme concen- 
■tration over a wide range (m this case 1 6-20 fig /ml ) 

The estimation of micro quantities of nicotine 

It is clear that, if it is contamed m a smtably 
small volume, about 1 fig of mcotme may be 
estimated by this method, usmg either a direct 
■vision colorimeter -with small cups, capacity c 2 ml , 
or a photoelectric •colorimeter -with 2 ml cuvettes, 
with smtable colour filters The error is less than 6 % 

As -will bo seen m a later section, the minimal 
volume m winch all the mcotme may be recovered 
from animal tissues is 16 ml , so that when very 
small amounts of mcotme are present it may be 
necessary to concentrate the solution. This may 
be done by reduemg the pH to 4 -with HCl and 
evaporatmg under reduced pressure 

The recovery of nicotine from tissues 

Nicotme is recovered from tissues by takmg 
nd\ outage of its volatihty m steam The nature of 
the tissues under mvestigation and the use to be 
mode of the distillate -will determme the precise 
procedure employed For the purpose of colonmetry 


Table 1 Recovery of nicotinefrom tissues of 
Ascans 


1 Nicotme 

Wet wt 

Recovery of 

added 

tissues 

mcotme. 

(jiB) 

(g) 

(%) 

30 

67 

100 

30 

64 

, 100 

60 

67 

99 

60 

6 1 

100 

160 

60 

100 

300 

60 

98 

300 

62 

100 

600 

66 

97 

600 

66 

99 


The flask was attached to the apparatus by the 
ground glass jomt J and supported by a ring and 
gauze The mixture was then heated by a small gas 
flame, and 16 mL of distillate were collected, care 
bemg taken to avoid frothmg beyond the first bulb 
of tho still head Some examples of the recovery of 
nicotme are given m Table 1 In this experiment 
small volumes of mcotme solution, c 1 ml , were 
added to chopped Ascans tissues, meubated at 37° 
for 6 hr, and then distilled The final volume of 
solution for estimation was 60 ml 
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The process of distillation was slow, taking about 
30 mm for the complete operation Recoveries 
adequate for exploratory and comparative workmay 
be obtamed by a much more rapid steam distillation 
procedure m which the flow of vapour is supple 
mented by the passage of steam tlirough the tube B 
(broken hne. Fig 4) By this procedure about 76 % 
of the nicotme may be recovered m 6 mm m 16 ml 
of distillate 


STOEMARY 

A method is described for the recovery of nicotme 
from tissues and its estimation m quantities from 
1 /^g 

The author is grateful to Prof A C Chibnall, F R S , for 
his interest in this work, which was part of a programme of 
investigations into the mode of action of anthelimntics, 
earned out for the Agricultural Research Council 
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Decomposition and Synthesis of Cozymase by Bacteria 


By H McELWAIN ajixi D E HUGHES, Umtfor Cell Metaboham (Medtcal Researdv Council), 
Department of Biocliemtairy, The Umverexty, Sheffield 

{Received 6 November 1947) 


Investigations concerrung the metabohsm of mco 
time acid and its denvatives have been surveyed 
recently by Schlenk (1946), and, m the case of 
micro organisms, by SIcRwam (1947) In the latter 
account, attention was directed to the synthesis, 
macti\ ation and mterconversion of coenzymes I and 
n by imero organisms, and particular efforts were 
made to obtam values for the rates at which these 
changes occur Although many papers bearmg on 
this subject were assessed, few if any were found to 
oontam aU the data required for calculatmg un 
eqmvocaUy the rates at wluch these important pro- 
cesses take place On the other hand , such estimates 
of the rates as could be made by supplymg likely 
values for missmg data suggested the existence of 
a group of reactions with velocities of a few mpmol / 
mg drywt of organism/hr Tlie possible significance 
m bacteria of reactions of this magmtude has been 
discussed elsewhere (McRwam, 19466) 

Studies have now been made of the behaviour 
of -bactena towards mcotmic acid denvatives, 
especially cozymase This behaviour has been found 
to be dommated m many organisms by reactions 
which are potentially much more rapid than those 
inferred previously Before studying the slower 
reactions (for which, also, evidence has been 
obtamed) the course and products of the more rapid 
reactions have been exammed, and are reported m 
this paper 


EXPERBEENTAL 

Organxama Ap haemolytic8treptococcns(R,theRichRrds 
stram. National Collection of Type Cultures no 6031), two 
strains of Streptococcua faecaha (F 4208, N C T C no, 4208, 
FL, a laboratory strain), a Staphylococcua aureua (laboratory 
stram) and Proleua morgann (N C T C no 2818) were grown 
m the casern yeast medium of McHwam (1946a), modified 
as follows m place of NaOH, OOwNaHCOj (additional 
6 8 mL/100 ml.) was added , the imtial pantothenate content 
was 10“*M, the quantity of yeast preparation was 2 6ml / 
100 ml , and of the group A addenda only nboflavm, 
aneurm, ICHjPOj, tryptophan, methiomne, MgS 04 , 
Fe(NH 4 ),(S 04 )j 6HjO and qj^me were molnded Eachen 
chxa colt (N C T C no 4074) was grown m the mixture of 
morgamo salts and glucose of Dorfmann A Koser (1942) 
Laciobaeillua arabtnoaua 17-5 was grown m a medium 
elaborated for the use of the orgamsm m assaymg mcotimo 
acid (see below), and contammg the quantities of mcotmic 
acid specified m the mdiwdual experiments desenbed Its 
pH fell from 6 8 to 6 durmg growth. Haemophilua para 
influenzae was also grown m the correspondmg assay 
medium, with defined quantities of cozymase as V fector 
Reaction with cozymaae Baotena were normally harvested 
by centrifuging, washed twice with 0 9 % Nad, suspended 
in that solution and a small sample taken for dry weight 
estimation The suspensions were distnbuted between ox 
pemnental vessels, which, for anaerobic experiments, were 
Warburg flasks with yellow P m a centre wefi, Sahne was 
that of Krebs A Henseleit (1932) 

Microbiological aaaaya Nicotmic acid was determmed 
using Laciobaeillua arabinoaiia 17—5 in very nearly the way 
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descnbed by Barton Wngbt (1040) (seoMcHwam & Stanley, 
1948) V factor' irns estimated by grondh of Hacmophxlm 
parainflwnxat (NCTC no 4101) m a medium similar to 
that of Hoagland it, Ward (1042), growth, however, was 
measured photoelcctncallv Cozymaso m concentrations of 
0 3-2 X 10'® M was used os source of V factor in obtaining 
reference curves, and results arc expressed m terms of 
cozymase The inoculum was 0 05 ml of a culture grown for 
24 hr mtheassaymediumwith 10 ~"m cozjTnosc Inoculated 
cultures of 10 ml final volume were incubated in oOunl 
corneal flasks at 37° for 30-48 hr 
Velennination of cozymase ueniy apozymasc Though the 
determmntion of cozymase using apozymaso (Euler, 1930, 
Ifyrback, 1933) requires care, the method appears much 
more rehahlo than was suggested by Jandorf, Klemperer X, 
Hastmgs (1941) By adoptmg precautions specified by 
Axelrod & Elvehjem (1939) and others noted below, we have 
consistently obtained rehable results Our expopence and 
practice have been m some cases similar to, and, m others, 
different from that of Schlenk Schlenk (1947), whoso paper 
appeared whde the present one was m preparation 

Prepamlion of apozymase Fresh brewer's yeast was dried 
in air and then over CaClj, it can bo kept in this form for 
some months The washmg, drymg, rewashmg and redrying 
(all these stages were found nccessarj ) to yield apozymase 
were earned out accordmg to Axelrod L Elvehjem (1939) and 
m one day The product was kept m a stoppered bottle over 
CaCl, m a refngerator for ponods up to a fortmght 

It was found necessary to cany out the preparation of 
apozymaso at room temperature (15-20°) I\Tien, m trving 
to obtain 4 more stable preparation, washing was performed 
with ice water, the apozymase obtamed was deficient m 
cozymase, but its response to certom solutions containing 
cozymase mcreased with time Such behavionr has been 
observed by Euler &, Adler (1938) Euler, Adler A, Eriksen 
(1937) and by Lennerstrand (1941), and interpreted as duo 
to synthesis of cozymase We have not found such behaviour 
in apozymase prepared as descnbed in the preceding para 
graph, and have therefore not found it necessary to adopt 
a method such as that of Lermerstrand’s (1941) ‘ pyocyanm 
system , which is much less sensitive to cozymase than is the 
normal apozymase system 

Prcparationofhexosedtphosphale Nenberg’s (1942) method 
was followed, usmg fresh bakers yeast, fermentation was 
complete m 6 hr and the yield of calcium hexosediphosphate 
firom200g of sucrose was c 18-20 g A solution of sodium 
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hexosediphosphate was prepared fteshly each day , the Ca 
salt (208 mg ) was dissolved m 0 49 ml of ice cold n HCl 
and the theoretical quantity of sodium oxalate, m 3 o ml 
water, added gradual! j The pH was brought to 7 by N NaOH 
(0 4 ml ), the mixture left cold for 10 mm and centnfuged 
The solution was taken to pH 0 2 with N HCl (c 0 16 ml ) 
for use in the apozymaso system, it contained c 4 mg 
organic P/ml 

Cozymase delerniinalton This followed Axelrod & 
Elvchjem's (1039) descnption, but was performed m War 
burg \ easels with one side arm and of total volume c 18 ml 
\Yith the apozymaso used, response of the system at 30° to 
cozymaso was found to be maximal with phosphate concen 
trations between 0 055 and 0 0731, and the quantity of 
phosphato buffer added for cozymose detemunation was such 
ns to gi\ 0 a final concentration of 0 065 w This concentration 
18 higher than that adopted by Axelrod A, Elvehjem (1939), 
but other reagents were used m concentrations descnbed ns 
typical by those authors If the solutions whose cozymase 
content was hcmg determined were significantly buffered, 
they were brought to pH 0 2, and if their phosphate content 
was more than 0 0231, that of the remainder of the system 
was reduced accordingly With 0 2 g of apozymose/vessel, 
the system was used for detonnmation of up to 16 or 
20 mpmol of cozymase, and standard solutions of 7 5 
and 16 mpmol of cozymase were mcluded with each 
batch of unknown solutions It is necessary to avoid citrate 
buffers m solutions whoso cozymose is bemg determined by 
apozymase 

Other detcrmmations of cozymase were made bv dis 
mutation of hexosediphosphate (method and muscle pre 
pnration of Jnndorf el al 1941) and reaction with hypo 
sulphite, following Warburg A Christian’s (1936) descnption 

Cozymase specimens Pure cozymase has not been 
obtamed, and unless otherwise stated, specimen A of Table 1 
has been used, but its behaviour has been compared with 
two independent specunens B and C of Table 1 The different 
methods of estimatmg the cozymase content of specimen A, 
quoted in Table 1, gave values ddfermg by not more than 
6%, and their mean value of 40 % punty has been adopted 
m mterpreting results with this specimen. The pnnciples 
underlying methods I and II are entirely different from each 
other and from that nnderlymg methods HI and TV The 
approximate agreement between methods I and H suggests 
that specimen A edntams practicaUv all its meotirac acid 
ns a quaternary salt such as cozymase The approximate 
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Table 1 Analytical data concerning cozymase specimens 


Cozymase sjieeimen 



Detemunation and standard value 

A 

B 

0 

I 

Acid formation in reaction with NajSjO^ (/imol /mg ) 

1 76 

050 

1 80 


Punty by comparison with theoreticaj value of 4 5 umol /me 
molwt 003) (%) 

37 

11 

40 

n 

Nicotimo acid content (%) 

80 




Punty (theoretical value 18 6%) (%) 

43 



— 

HI 

Catalytic activity m apozymase system (jimol CO lyg /hi ) 

(S D of 16 results with specimen A, 0 18) 

147 

044 

1 76 


Punty (by companson with value of 4 0 derived from Axelrod 
& Elvehjem, 1939) (%) 

37 

11 

44 

IV 

Catajgfio activity m Jandorf ct al (1941) system (jimol CO J 

Punty (by companson with value of 2 16, denved ftom 
Jandorf «ia( 1941) (%) 

0 89 

41 
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agreement between methods II, IH and IV impbes that the 
specimen contains relatively little material contaimng nico 
tmic acid which is not cozymase The agreement between 
method III and the other methods justifies our dependence 
on method IH m most of the subsequent work We have also 
shown (Table 7) that the mcotmio acid grouping of specimen 
A exists as its amide, without detectable fee acid (cf 
Schlenk, 1946) 

Extraction of bacterial cozymase Extractions were per 
formed-aerobicaUy m phosphate buffer, pH 6 2, as this is the 
medium m which cozymase is estimated m the apozymase 
system, and pH 6 2 is close to that of optimal stabihty of 
cozymase Previous mvestigators have heated for short 
penods at temperatures of 70-100° m order to obtam 
cozymase from natural matenals, and we have exammed the 
yield of cozymase from streptococci under such conditions 
Results quoted m Table 2 show that heat treatment for 
8-30 mm at these temperatures juelds extracts contaimng 
about the same quantity of cozymase, but that 16 mm at 
70° IS optimal The quantity of cozymase so obtamed was 
found to be nearly the same as that extracted from the cells 
by grmdmg with glass Heatmg at 70° for 16 min has there 
fore been employed throughout the studies reported m this 
paper for extracting cozymase , Table 2 shows that 6 % of the 
substance may be lost under these conditions, but values 
quoted have not been corrected for such loss 


RESULTS 

Inactivation of cozymase 

Behaviour of various bacterial species Washed sus 
pensions of bacteria were incubated m buffered 
salt solutions containing 10~^-10'^M-cozjTnase The 
majority of species inactivated cozjnnase (Table 3) 
Reaction at the rate of 6-30 mpmol /mg five 
was found m ^ haemolytic streptococci, Haemo 
phtltis parainfluenzae. Staphylococcus aureus and 
Proteus morganit Escherichia coli and Streptococcus 
faccahs were less active, Lactobacillus arabinosus 
17—6 was the only organism of those exammed with 
actmty <0 6 mpmol /mg /hr 

Circumstances affecting the reaction Most of the 
followmg mvestigations were with streptococci Tlie 
reaction reached its greatest velocity at a pH near 
6 or 7 (Table 4, see also Table 8) We have usually 
studied it at pH 7-7 6 m order to assess its relation 
to growth With high concentrations of cozymase, 
\ ery rapid rates of mactivation were reached by all 
tliree species exammed In Table 6, cozymase at an 
mitial concentration of 1 2 x 10“®m is seen to be 


Table 2 Extraction and stability of cozymase from streptococci 


(Streptococci throughout were the Richards stram, grown m the casern yeast medium for (m different batches) 
20-40 hr) 


Material extracted or treated 
Streptococci, batch A 


Streptococci, batches B and C 


Streptococci, batch B 


Streptococcal extract 
Cozymase 

Streptococci with added cozymase 
Cells (4 8 mg ) 

Cozymase 

Cozymase with cells (4 8 mg ) 


Conditions of extraction or treatment 

Cozymase 

At 70°, 16 min , 2 4 mg cells/ml 

03 

At 70°, 30 mm , 2 4 mg cells/mL 

69 

At 86°, 16 mm , 2 4 mg ceUs/mL 

68 

, ' 1 

(Batch B) (Batch C) 

At 70°, 16 mm 

98 49 

At 86°, 16 min 

90 43 

At 100°, 8 mm 

86 38 

Ground with glass 

96 

Ground with glass and extract heated 
at 70°, 16 mm 

92 

None 

'' (o) 

Heated at 70°, 16 mm 

94% of (a) 

None 

(6) 

Heated at 70°, 16 mm 

94-97% of (6) 

At 70°, 16 nun 

48 1 

At 70°, 16 min 

82 

At 70°, 16 mm 

126 J 


m/imol /mg cells 


mpmoL 


The rapid mactivation of cozymase by streptococci makes 
it possible that losses may occur by enzymic activity during 
the heatmg to 70°, but we have not foijnd this to be tlje case 
The extraction has been earned out m small volumes of 
hqmd (usually <2 ml ) placed m tubes m a water bath at 
70° Temperatures approachmg 70° are qmcklv attamed m 
the tube, and cozvmase added to the svstem is recovered 
satisfactorily (Table 2) 


mactivated at over 440 m/imol /mg /hr The system 
does not approach saturation even at that concen 
tration, values for (log a/b)lt (o = mitial, 6 = concen- 
tration at time t) are not falhng at the higher con 
centrations of Table 6 A In Table 6B, also, the 
velocity IS proportional to the mitial concentration 
of cozymase, except with the lower concentration 
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Tables Bacterial %nactti^alion of cozymaae 

(Reactions ivere at 37°, mtli shaking, in tubes or Warburg vessels The latter, mth yellow P in a centre well and 
Nj m the gas space, were employed for anaerobic reactions Changes m cozymaso refer to the wholp reaction mixture 
mcludmg the cozymase of the cells ) 

° Reaction 

performed 

Reaction mixture aerobically 


Organism and dry wt 

«. 

Corymnso 

' 

(A) or 

anaerobically 

Rato of change 
in cozymase 

of cells/ml 

(m X lO"*) 

Other constituents 

(AN) 

(mpmol /mg /hr ) 

P Haemolytic atreptococouB 
(R), 3 9 mg /ml 

24 

0 02 m Nn and K phosphates', 
pH 7 0 

A 

-29 

Streptococcus faecahs (FL), 

3 mg /mL 

1 2 

0 03 M Nn and K phosphates, 
pH 7 0, with salme 

AN 

-18 

1 2 

Do- 

A 

-1 7 

Staphylococcus aureus (E ) , 

1 2 

Do - 

AN 

-70 

3 2 mg /ml 


12 

Do 

A 

-62 

Proteus morpanii (2818) , 

12 

Do 

A 

-42 

1 3 mg /ml 


1 2 

Do 

AN 

-46 

Lactobacillus arabinosus 17-5, 

21 6 and 45 hr old, 2 3 mg /ml 

G 

As above, also with glucose 
(0 05 M) 

A 

<0 6 

Lactobacillus arabinosus 17-5, 

G 

As above, pH 5 and 7 

A 

<0 6 

40 and 44 hr old , 3 G mg /ml 

Saemophilus parainfluenzas, 
NCTC 4101, e 2mg/ml 

G 

0 03m Na and K. phosphates, 
with salme, pH 6 and 7 

A 

-07 to84 

Eschenchta coli, 7 mg /ml 

24 

As above at pH 7 6 

A 

-00 

24 

Do 

AN 

-36 


24 

As above with glucose (0 02 h) 

AN 

-1 1 


Table 4 Cozymase inacHvatton by streptococct different specimens, pH, concentrations and temperatures 
(Reactions were aorohlo and m phosphate salme, except * which was m acetate buffer Cozymase speoimeiis see Table 1 ) 


Cozymase 


Imtlol 


N 

concentration 

Organism 

Specimen 

(Ji) 

(batch) 

A 

4x10-* 

R (a) 

A 

4xl0'< 

R(a) 

A 

4x10-* 

R (a) 

A 

4x10-* 

R(6) 

C 

3 6 X 10-* 

R{c) 

C 

3 6x10-* 

R(<i) 

B 

3 8 xlO-* 

R(<i) 

A 

1 2 X 10-* 

FL 

A 

30x10-* 

P4203 

A 

4x10-* 

R(«) 

A 

4x10-* 

R(e) 

A 

4x10-* 

R(e) 

A 

4x10-* 

B(«) 

len. measurements Avere less accurate 

Different 


cozymase specimens and different streptococcal 
strains behaved similarly, and the reaction was stUl 
rapid at 10° (Table 4) 

_ The course of change m cozymase m one reaction 
mixture was followed both bv apozymase and by 
the muscle preparation of Jandorf et al (1941) 
Results obtnmed by the two methods did not differ 
by more than 0 % 


Temp 

pH 

Rate of 
maotivation 
(m/imol /mg /hr ) 

172' 

10 

76 

20 

76 

267 

37 

75 

390 

37 

76 

295 

37 

76 

160 

37 

76 

260 

37 

7 6 

260 

37 

75 

288 

37 

75 

144 

37 

6* 

37 

37 

6 

183 

37 

7 

169 

37 

8 

84 


Effects of other substances on the reaction Inacti 
vation of cozymase in the presence and absence of 
oxygen is compared with several organisms m 
Tables 3 and 6 Differences between the two con 
ditions were m general not striking and often withm 
experitnental error Any difference was m the sense 
of greater loss anaerobically, the greatest contrast 
was found with a Streptococcus fnecalis (Table 6) and 
Eschenchta coli (Table 3) 
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Table 5 Course of the streptococcal inactivation of cozymase 

(In Esp A, orgamems of strain R were grown m 600 ml of standard medinin, collected, washed twice in 0 6% NaCl 
and the btdt, of dry wt 190 mg , suspended m 10 ml of 0 6% NaCl and mixed with cozymase (33 pmol ) m 10 ml of 
0 OIm Na and K phosphates, pH 7 6 The mixture was shaken at 37° m air, and specimens (0 2 ml ) were taken at the 
mtervals mdicated, diluted in eold water, and their oozymase determmed in the apozymase system 
Eor Exp B, a smaller quantity of a similar reaction mixture was serially diluted to give the four different concentrations 
of cozymase (and of organisms) which are mdicqted ) 



Cozymase content 



Reaction penod 

< ^ 

‘X 

Mean Qcoi. 

Log alb 

(mm ) 

pmol m whole 

M y 10-* (c) 

(mpmoL/mg /hr ) 

Tune (hr 



Exp A 



0 

33 3 (0) 

16 7 





20 

13 5 (61) 

6 76 

-165 

1 18 

40 

6 04 (6.) 

3 02 

-117 

1 11 

60 

2 28 (63') 

1 24 

- 60 4 

1 16 

90 

1 22 (63) 

0 61 

- 16 7 

0 96 



Exp B 


Qcoi.l'^ 

15 

— 

12 

-444 

-37 

15 

— 

4 

-140 

-35 

30 

— 

133 

- 48 

-36 

60 


044 

- 11 

-25 


Table 6 Distribution of cozymase between bacterial cells and suspending fluid during its inactivation 


(Reactions were earned out m 2 5 ml of phosphate sahne, pH 7 6 ) 



Reaction mixture 


Reaction 












Cozymase 

(pmol ) 


r 









Added 

Aerobic (A) 


/ 





Orgamsms 


cozymase 

or anaerobic 

Tune 

In 

In 



mg dry wt ) 

Other reagents 

(mpmol ) 

(AN) 

(hr) 

cells 

solution 

Total 

Loss 




Streptococcus faeeahs 





84 

— 

— 

A 

2 

43 

4 

47 

— 

84 

— . 

62 

A 

2 

60 

36 

06 

14 

84 

— 

62 

AN 

2 

49 

33 

82 

27 

84 

— 

62 

AN 

06 

64 

48 

102 

7 

84 

Glucose, 0 01m 

02 

AN 

06 

61 

38 

99 

10 




Staphylococcus aureus 





96 


— 

AN 

2 

63 

< 1 

53 

— 

95 

— 

30 

AN 

06 

64 

< 1 

64 

20 

96 

Glucose, 0 01m 

30 

AN 

06 

48 

< 1 

48 

36 

96 

— 

30 

A 

2 

63 

7 

60 

23 




Proteus morgami 





37 



— 

AN 

2 

41 

3 

44 

— 

3 7 



34 

AN 

2 

37 

3 

40 

38 

3 7 

— 

34 

A 

2 

38 

2 

40 

38 




Escherichia coh 4074 





74 





— 



26 

— 

26 

— 

74 



93 

AN 

06 

42 

13 

66 

64 

74 



93 

AN 

20 

40 

< 1 

40 

70 

74 

Glucose, 0 01m 

93 

AN 

06 

68 

14 

72 

47 

74 

— 

93 

A 

20 

56 

1 

67 

62 


Glucose did not have a large effect on the reaction , 
instances of greater loss in its presence are shown in 
Table 6 with streptococci and staphylococci During 
these experiments both organisms caused a rapid 
breakdown of the added glucose, largely to lactic 
acid Glucose, on the other hand, decreased the 
inactivation of cozymase brought about by Esch 


colt Sodium pyruvate, a ketoglutarate, and glut- 
amme (all at 7 x 10 “® m) were not found to alter the 
rate of change m cozymase added anaerobically to 
suspensions of the R streptococci Vanation m the 
phosphate concentration of the medium between 
0 008 and 0 08m caused no change m the reaction 
with cozymase 
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Dislnbiitton of cozymase between cells and solution 
Tlie experiments of Tables 3-6 concerned reaction 
mixtures m 'which the added coTymase -was m large 
excess over that of the bnetena, or m ■which the 
cozymase of the complete reaction mixture hod been 
deterrmned after hberatmg the substance from the 
cells Tlie experiments of Table 6 were performed 
■with relatively httle added cozymase, and the dis 
tnbution of cozymase between the bacteria and the 
solution wns exammed Added cozymase ■was found 
first to enter the cells and then 'to be lost without 
reappearmg m solution Much added cosjunose 
could be lost ■with relatively httle change m the 
cellular cozymase Almost all the mcotmio acid 
derivatives resulting from the breakdown of cozy- 
mase m Exp A, Table 7, were found m solution and 
not m the cells 

Products of cozymase inadiiaUon by streptococci 

Nicotinamide moiety Although the specimens of 
cozymase which were employed m this mvestigation 
were not pure, they contamed httle mcotimc acid 
which ■was not m the form of cozymase (Table I) 
Tlie bulk of the mcotmic acid of streptococci also 
appeared to exist, os cozymase (Table 7C) When 
streptococci were caused to react ■with added cozy 
mase, the cozymase content of the system fell ■with 
out a corresponding decrease m its content of mco 
time acid derivatives Tins is shown m each expen 
ment of Table 7 

Tlie mcotmic acid estunations of Table 7 were 
performed after heatmg ■with acid under conditions 
(see expenmental section) which other workers have 
found to hberate mcotmic acid from the majority 
of its naturally occurring denvatives The precedmg 


observations, therefore, do not imply that mcotmic 
acid Itself is formed from cozymase As mcotimc 
acid exists m cozymase os its amide, we have sought 
mformation on the fate of the amide groupmg 
Atkm, Schultz, WiUiams & Frey’s (1943) method for 
distinguishmg bet'ween mcotmamide and mcotmio 
acid was found to be an excellent one, and nppbcable 
when mcotimc ncid was assayed ■with Lactobacillus 
arabinoaus Solutions were assayed before and after 
treatment ■with bypobromite This converted the 
amide but not the acid to the amma, which -was 
■without gro'wth'proraotmg activity Table 7B 
shows the product from cozymase to behave similarly 
to mcotinarmde m this respect It also shows the 
specimen of cozjmiase which we hai e employed to 
contam < 0 6 % of free mcotmic acid, or of deriva- 
tives of mcotimc acid which faded to he inactivated 
by hypohromite (cf Scldenk, 1946) 

The Btabihty of nicotumimde, when added as such to 
streptococci, was mvostigated to see whether it ■was com- 
parable to that of the product from cozymase Reaction 
mixtures similar to that of Exp A, Table 6, but containing 
nicotinamide m place of cozymase, were kept at 37° for 
90 min Ammoma was determmed by Nessler’a reagent after 
distillation under reduced pressure Ammonia formation 
occurred m the absence of mcotmamide at the rate of about 
40 mpmol /mg /hr , and no difference was detected m this 
rate when 4 or 40 pmol of mcotmamide were added A 
difference of 10 mpmoL/mg /hr could have been detected 
Corresponding quantities of cozymase would have been 
inactivated at rates of at least 400 mpmoL/mg /hr under 
the conditions of the reaction Any hydrolysis of rucotm- 
nmide thus appears to be at a rate not exceeding 10 % of that 
of the mactivation of cozymase, m reality, it may be much 
less 

Loss of V -factor activity The term Y fao^tor has 
been retamed as a collective name for a group of 


Table 7 Stability of nicotinamide moiety of cozymase in the presence of streptococci 


(In nuxtures A, varymg quantities of streptococci R, prepared as desenhed in Table 6, were menbated aerqbicahy -mth 
cozyiuase m 0 017 m Na and K phosphates of pH 7 6 At the tunes indicated, portions of the reaction mixtures ■were cooled, 
rentmuged and the cozymase (by apozymase) and mcotimc acid in solution were determined Jlixtures B were similar 
but detemmataons were earned out on the whole reaction mixture, mcludmg bactena Jliiturea C were buffered -with 
veronal (0 05 m, pH 7 6) and determinafions moluded bactena ) 


Siiiture 

A Before reaction 

With 114 mg organisms, 10 min 
With 11 4 mg organisms, 40 mui, 

With 3 8 mg organisms, 10 mm 
With 3 8 mg organisms, 40 mm 

B Orgamsms and cozymase before reaction 
Organisms and corjanase after reaction 
Nicotmio acid 
Nicotmamido 

C Organisms and buffer 
Cozymase and buffer 

Ateie quantities of organisms, cozymase and 
buffer after 1 hr at 37° 


Cozymase 

Nicotimo acid 

Niootmio acid 
remammg after 
treatment with 

content 

content 

hypobronute 

(m/unol ) 

(mpmol ) 

(mpmol ) 

67 3 

65 


39 

67 

- 

36 

00 _ 



23 7 

69 


11 7 

61 

— 

34 

36 

01 

04 

27 

016 

— 

406 

420 

— 

406 

I 2 

00 

68 


103 

115 


90 

172 
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substances, any one of winch will support the growth 
of Haemophilus parainfiuemae under certam con 
ditions described m the experimental section These 
substances are known to include coenzymes I and H, 
a ‘ desammocozymase ’ (Sohlenk, HellstrSm <L Euler, 
1938) and mcotmamide nboside Tlie simplest of 
these is the riboside, and the others are derivatives 
of it 

When cozymase had been mactivated with respect 
to the apozymase or muscle systems, we found that 
it had lost also most of its V factor actmty More 
over, when part only of its activity m the apozymase 
system had been lost, a sumlar part of its V-factor 
activity had disappeared (Table 8) 

Isolation of nicotinamide picrolonate The simplest 
conclusion from the preceding paragraplis is that the 
streptococcal reaction with cozymase produces a 
molecule smaller than mcotmamide riboside, but 
still contammg the mcotmamide part of the mole 
cule Followmg a method sumlar to that of Handler 
& Edem (1942), who were concerned with the break 
down of cozymase by animal tissues, we have 
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attempted to isolate mcotmamide itself from the 
products of streptococcal inactivation of cozjmase 

Table 7 shows that the product from added cozymase 
which carries the mcotmic acid portion of the molecule' 
remains m solution and not associated with the streptococci 
The reaction mixture of Table 6 A was accordmglv kept at 
37° until samples showed all but 3% of its cozymase to be 
mactivated It was then centrifuged and the organisms 
washed twice with 8 mb of water The combmed solutions 
werencidtfiedtopH3with6N H2S0j,andAg3S0j(l 7mmol) 
added until no more precipitate formed, this was separated 
The solution was freed from Ag+ by HjS, and after removmg 
the latter by N,, it was taken to pH 9 with Ba(0H)3, N, 
agam passed, then adjusted to pH 7-7 5 with HjSOj, BaSO^ 
removed and washed, the combmed solutions evaporated to 
dryness under reduced pressure and the residue left tn vacuo 
with CaG, overnight It was extracted by refluxing 3 times 
successively with 8 ml of absolute ethanol, the ethanol 
solutions evaporated to dryness and the residue re extracted 
3 tunes with 2 ml of absolute ethanol Detemunation of 
mcotmic acid showed that all the acid had not been extracted 
by these procedures, the residues were accordmgly re 
extracted m the same way, when >90% of the materials of 


Table 8 Loss of V-factor activity with inactivation of cozymase 


(Smaller quantities of streptococci R were prepared as desonbed m Table 6 In Exp A, determmations were earned 
out on reaction solutions after centnfugmg free from streptococci In B, the separations mdieated Were earned out 
Reactions were anaerobic ) 


Reaction mixture (cozymase m 2 5 ml with) 

Exp A 

(1) 0 016m Phosphates pH 6 

(2) As (1), with streptococci (6 6 mg ), 40 min at 37° 

(3) 0 016m Phosphates, pH 7, with streptococci (6 6 mg ), 10 mm at 37° 

(4) As (3), for 40 mm 

Exp B 

(1) 0-011 M Phosphates, pH 7 6 

(2) As (1), with streptococci (8 3 mg ), 40 mm at 38°, determmation 

m solution 

(3) CeUs from reaction (2) 

(4) Streptococci (8 3 mg ), before reaction 


Cozymase 
determmed with 
apozymase 
(mpmol /ml ) 

17 3 
82 
13 9 
1 7 


110 

08 

13 0 
16 9 


V factor activity 
(as mpmol 
cozymase/ml ) 


17 8 
78 
12 2 
1 7 


12 0 
1 0 

17 4 
17 3 


Table 9 Nicotinamide from the streptococcal breakdown of cozymase 


(Exp B 18 that of Table 6 A, where further details are given The cozymase of speeunens which were taken to follow 
the cqurse of the reaction has been subtracted from that added A similar reaction mixture was employed m Exp A, 
but with a different batch of organisms and with mcotmamide m place of cozypaase Nicotmic acid picrolonate depresses 
the meltmg pomt of -that of mcotmamide ) 

Expenment 


Added 

Isolated as fairly pure picrolonate of mcotmamide, m p 214-217°, 
not lowered by mixmg with the pure substance (pmol ) 

Isolated as less pure material, m p 208° or greater, not lowered by 
mixin g with mcotmamide picrolonate (pmol ) 

Picrolomc acid content of purer product, by titration with methyl 
ene blue (BoUiger, 1939 , theory for mcotmamide 08 6 %) (%) 
Yield of mcotmic acid from purer picrolonate, determmed by 
Lactobacillus arabinosus (theorv for mcotmamide picrolonate, 
31%) (%) 


A 

Niootmamide, 62 pmol 
17 

10 

69 


B 

Cozymase, 31 6 /imol 
16 

6 

70 

28 
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nicotuuo acid activity wore obtained in etbanolic solution 
This solution xeas evaporated to c 0 5 and 2 6 ml of 1 % 
(le/v) prorolomo acid in 50% aqueous othanol added, and 
the solution kept cold Yellow crystals separated, further 
material was obtained from the mother liquors by evapora 
tion and addition of more piorolomo acid By one rocrystal 
lization from aqueous ethanol the fractions of Table 0, 
Exp B, were ohtamed These mdicate that the bulk of the 
product which has mcotmio acid activity is nicotmamide, 
and that its yield and punty are comparable to that of 
mcotinamido isolated from a similar reaction mixture to 
which it had heen added as such, m place of cozmnase 
(Exp A) Exp A was earned out first to serve as a model in 
the isolation of the product from coxymase The data of 
Table 0 afford independent evidence for the stabihty of 
mcotmamide under conditions in which cozymase is in 
activated 
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aplittmg analagons to that m the hberation of mcotmamide 
from cozymase would lead to the formation of mcotmio 
acid itself, small quantities of which can be detected. Any 
reaction m tngonelhne brought about by streptococci, bow 
ever, aerobically or anaerobically, was of <1/1000 of the 
rate of the oigamsms’ reaction vntb cozymase 

Inaclivatton of cozymase hy 
Haemophilus paramfluenzae 

The change brought about by this organism 
appears smular to that caused by streptococci The 
course of loss of cozjrmase activity from solutions 
imtiaUy about 6 x was paralleled closely by 

loss of V factor activity (Table 10) The nicotinic 
acid content of a similar reaction mixture did not fall 


Table 10 Breakdown of cozymase by Haemophilus paramfluenzae 

(Strum 4-101 was employed and grown m the assay medium with the addition of 3% of yeast extract, mitial concen 
tration of cozymase m the medium, 2 pg /ml The organisms were washed twice with, and snspended m, 0 9% NaCl The 
quantity of cozymase mdicuted was added with phosphates (to 0 03m) at pH 7 Incubation was aerobic at 37° Deter 
imnations refer to the whole mixture, moludmg bacteria Cozymase itself remamed unchanged m the absence of baoteno ) 


% rpmammg of 


Batcli of organiama, time of 
growth, quantity used in 

Time of 
reaction 

Initial 

oozymoae 

Cozymase by 

A 

V factor (as 

Nicotinic 

reaction (diy wt.) 

(min ) 

(mfimoL/2 6 mi) 

apozymase 

cozymase) 

acid 

A, 40 hr , 4 2 mg 

0 

120 

(100) 

(100) 

— 

90 

120 

60 

53 

— 


180 

120 

19 

19 5 

— 


330 

120 

4 

7 

— 

B, 46 hr , 10 5 mg 

0 

129 

(100) 

— 

(100) ' 

90 

120 

14 4 

— 

97 


180 

129 

<3 

— 

100 

- 

330 

129 

<3 

— 

104 


Other changes during xnactivation of cozymase , other 
substrates We have found changes in the phosphate 
of streptococcal suspensions to be too great to ob tain 
dependable information on the possible liberation 
of inorganio phosphate from cozymase durmg its 
mactivntion by the organisms 

The possible production of acid during the reaction was 
examined by following the evolution of CO, from a medium 
contammg 0 038 m bicarbonate in eqmhbnum with 6 % CO, 
in Durmg the mnctivation of 1 7 ;imoI cozymase 
2 35 /imol CO, were evolved from a vessel contammg 
streptococci, aud 2 43 ftmol from one also contaimng the 
cozymase A similar reaction mixture containing yeast 
nucleic acid (3 mg /ml ), instead of cozymase, yielded CO, 
in largo excess of a control without substrate, and corre 
spondingto acid formation at therateof 300m/imol./mg /hr 
Thymus nucleic acid also reacted, anv reaction with yeast 
adeny he acid and guanyhc acid was much dower The yeast 
nucleic acid was purified according to Gnllnnd A Jackson 
(1938), and acid formation from it was not inhibited by 
0 08 M nzidc, wluch reduced glycolysis to about 35% of its 
normal laluc The streptococci thus appear to contain a 
nuclease, hut their reaction with cozymase is of a different 
type from that with nucleic acids 
I(}Tidmo N hnked to carbon is found in other natural 
products Of the*w, tngonelhne was exanuned, smee a 


during a penod at least twice as long as that which 
auflSced to mactivate almost all its cozymase 
Breakdown therefore does not appear to lead to 
accumulation of mcotmamide riboside, but it does 
not extend beyond mcotmio acid 

Effect of nicotinamide on the streptococcal break 
down of cozymase synthesis of cozymase 

The effect of mcotmamide on the streptococcal 
breakdown of cozymase was exarmned smee mcotm- 
amide is a product of the reaction, and smee it has 
been found to mliibit the analogous breakdown m 
animal tissues (Mann & Quastel, 1941, Handler & 
Klem, 1942) Retardation of the streptococcal re 
action WBS found, but only with extremely'' high 
concentrations of mcotuiarmde The retardation by 
0 Ih mcotmamide (2000 times the substrate con- 
centration) was of tile order of 60% (Table 11) 
Nicotmic acid salts hadhttle or no action at 0 033 m 

Other products of cozymase breakdown by strep- 
tococci remam unknown, but we have attempted to 
obtam a synthesis of the material from mcotm 
amide and yeast adenylic acid. Table 11 shows that 
syntliesis did not occur from these compounds alone, 

6 2 
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Table 11 Ntcotinaimde in the breakdown and synthesis oj cozymase 
(Streptococci (strain E) ivere used on their first day of growth, reactions were aerobic and at 37° ) 

Keaction mixture 


Batch of orgomams. 



Cozymase 

conditions of reaction. 



remaining 

tune of growth 

Substances added 

Imtial cozymase 

(%) 

A, pH 7 5, 60 mm 

0 

4 8 X lO-'M 

14 

Nicotmamide, 0 1 m 

4 8 X 10-*M 

62 


Nicotmamide, 0 033 m 

4 8 X lO-'M 

22 


Na mcotmate, O 033 m 

48 y lO'^M 

17 . 

B, pH 7 6, 40 mm 

0 

5 X 10-*M 

26 

Nicotmamide, 0 065 m 

6 X 10~‘m 

47 


Nicotmamide, O 028 m 

6 X 10~*M 

, 29 




Change m 
cozymase 
(m;imol ) 

C, pH 7 6 , 40 mm 

0 

22 mpmol (m cells) 

— 

(Adenyhc acid, 0 0033 m 
(N icotmio acid, 0 0033 m or both 

22 m/imol (m cells) 

<1 

C, pH 7 5, 10 mm 

(Adenyhc aoid, 0 0033 m 

(Nicotimc acid, 0 0033 m and glucose 0 033 m 

22 mfunol (m cells) 

-1-124 

C, pH 7 6, 40 mm 

As above 

22 miimol (m cells) 

+ 2G 


but did take place when glucose also was added In 
a similar reaction mixture the course of reaction was 
followed m more detail and the cozymase was found 
to morease at the rate of 20 mpmol /mg dry wt /hr 
during the first 60 mm 

DISCfiJSSION 

' Streptococcal breakdown of cozymase Inactiv ation 
of cozymase has been shown to be a very general 
reaction m bacteria The reaction m streptococci 
reached surpnsmgly lugh velocities IVith cozyii(ase 
at 4 X lO'^ai, it was decomposed at rates about 
400 m/unol /mg of orgamsms/hr , eqmvalent to the 
decomposition during 1 hr of a quantity of cozymase 
one quarter of the bacterial dry weight Studies of 
the essentials for microbial growth, and the develop- 
ment of imcrobial methods for estunatmg vitamm 
hke compounds, have tended to give the impression 
that bacteria normally react with only small quan- 
tities of such compounds This is true only m one 
sense Thus, the minimal concentration of mcotmic 
acid or its derivatives normally needed for maximal 
bacterial growth is less than 10 "’m This value holds 
also for the streptococci studied here, though the 
quantity of cozjrmase m their cells was of the order 
of 5-10 mpmol /mg dry wt (Tables 2 and 6) Tlie 
mtemal concentration of cozymase, assummg a 
water content of 80 % , was therefore about 
1—2 X 10~^ M, or about 0 1 % of the cell weight These 
are not exceptional values, cozymase contents re 
ported for yeast (cf Sumner, Knshnan & Sisler, 
1946) correspond to mtemal concentrations of 
7 X 10~*M The coenzymes of red blood cells, 
normally of c lO"*!!, can be raised to 3 x I0~*M by 


feedmg mcotmic acid (Handler & Kohn, 1943) The 
latter values are for substances of V-factor activity, 
presumably representmg the sum of coenzymes I 
and n Thus, although the rapid decomposition of 
cozymase by streptococci was observed with con- 
centrations greater than 10~*M, cozymase frequently 
occurs naturally at such concentrations 

It IS therefore feasible that the enzjmic activity 
concerned may play a part m the normal economy 
of the cells, even though substrate saturation is not' 
attamed at a cozyraase concentration of 4 x lO’^si 
It IS presumably of advantage to an organism to be 
able to mterconvert the naturally occurring mco- 
tmic acid derivatives An alternative possibihty 
which we cpnsidered, but now thmk unhkely, was 
that the decomposition of cozymase imght occur by 
the action of a nucleotidase, and although the strep 
tococoi produced acid from nucleic acids, acid from 
cozymase w as not formed at a comparable rate It 
is certam also that mcotmarmde is produced as such 
from cozymase, and that this m\ olves breakage of 
the molecule between the pyndme N and the Qi of 
nbose Tins linkage is known to occur naturally 
only m the two coenzymes The somewhat similar 
hnk between pyndme IST and — CHj m tngonelline 
was spht, if at aU, at less than jl/1000 of the rate at 
which cozymase was mactivated Liberation of 
mcotmamide from cozjmase may be preceded or 
followed by changes m the remamder of the cozy 
mase molecule Our present experiments do not give 
much information on this subject, except that mco 
tmamide nboside did not accumulate durmg the 
breakdown of cozymase Breakdown of cozymase 
by acids or alkalis also hberates mcotmarmde as 
such (Schlenk, 1943) 
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Synthesis of cozymase by streptococci Streptococci 
were able to synthesize cozymose in spite of the 
rapid breakdown of added cozymase This is implied 
in the finding that cells grown in presence of mco 
tmio acid contained cozymase, as also did non 
prohferatmg suspensions of cells, and it seems that 
the cozymase initially associated with streptococcal 
cells was not decomposed so rapidly as the added 
material An enzyme mactivatmg cozymase was 
not, however, hberated to solution by the strepto 
COCCI, nor easdj e\tracted from them, and decom 
position of cozymase may always be preceded by its 
assimilation by the cells (cf Table G) The observed 
rate of accumulation of cozymase under conditions 
permitting its synthesis is therefore hlcely to be less 
than the true rate of synthesis 

The mavunum rate of accumulation of sjuithe 
sized cozymase which was observed was 20 mfonol / 
mg drj wt /lir The streptococci used grow, when 
under satisfactory conditions, with generation times 
of 20-30 mm The rate of reaction (<3) m mgmol / 
mg /generation tune is therefore 6 7-10 As in- 
dicated by McEwam, Roper & Hughes (1918), this 
means that the cells produced by such growth could 
have a quantity of cellular cozymase of g = Q log, 2, 
or m this case of i-6 m^unol /mg dry wt This is 
about the cell content actually observed (Table 2) 
Breakdown of cozymase by other organisms Fmd 
mgs with respect to the breakdown of cozymase m 
baotena and m animal tissues are similar, though 
in neither are they very extensive Bram suspen- 
sions, like the streptococci, hberated mcotmarmde 
(Handler & Klem, 1942) Saemophxlttsparainfluemae 
produced either mcotmic acid or mcotinamide The 
reaction m ammol tissues, as m bacteria, was rapid 
The breakdown by rat bram, and probably by cobra 
venom, was inhibited by mcotmamide (Mann & 
Quostel, 1941), and we found a lesser breakdown by 
streptococci m the presence of mcotmamide, though 
high concentrations of this were required 
The bacteria which we found to inactivate oozy 
mase represent many taxonomic groups strepto 
COCCI, staphylococci, Escherichia, Proteus and Hoe 
mophxlus They are also very varied m tbeir reactions 
to nicotuiio acid and its derivatives m growth 
Escherichia coli not requiring such addition for 
gron'th, Proteus morganii and the cocci requiring 
mootmic acid, and Haemophilus paramfluenzae re 
quirmg mcotmamide riboside For this reason, 
breakdown of cozymase by H parainfluenzae has 
a significance winch is different from that of tlie 
broakdOmi by the other organisms Reaction with 


oozymnse by H parainfluenzae was at about the 
some rate as by the other bactena, but whereas these 
were capable of resynthesizmg cozymase from the 
products of its breakdown, H parainfluenzae could 
not do so It thus inactivates rapidly a compound 
which 18 indispensable to its groivth Tina situation, 
winch IB presumably of ecological importance, has 
parallels m the behaviour of other organisms to other 
growth essentials (Mcllwam, 1947) 

One reason for our study of the breakdown of 
cozymase by B parainfluenzae was as follows 
Lwoff & Lwoff (1937) concluded from mdirect 
evidence that added coenzymes I and II could be 
mterconverted by tins organism, though after assi 
milation such mtercotiversioa was not possible 
Production from added coz 5 rmaso of a simpler sub- 
stance of V factor activity would have provided a 
mechanism for the mterconversion, but we were 
unable to demonstrate the production of such a 
substance 

SUMMARY 

1 Cozymase at concentrations of about lO"^- 
10 ~®m: was inactivated by streptococci, staphylo 
COCCI, Escherichia coh, Proteus morganii and Haenio- 
phduB parainfluenzae (but not by Lactobacillus 
orcbMiosws 17-B) at rates of 6-30 rnpinol /mg dry 
wt of cells/hr at pH 6-7 5 and 37° 

2 Streptococcal cells have been found to be about 
10~* M with respect to cozymase, which was the form 
m wluch most of their mcotmic acid existed Strep 
tococci mactivated 4 x 10~‘si cozymase at the rate 
of 400 m pmol /mg /hr , and so could mactivate their 
own dry weight of the substance m 4 hr 

3 Nicotmamide was produced from cozymase 
during Its mactivation by streptococci A rucotm- 
amide derivative of V-faotor activity, such as the 
riboside, did not accumulate The breakdown by 
Haemophilus parainfluenzae was similar 

4 The breakdown m several bacteria was not 
greatly influenced by air (but was sometimes greater 
anaerobically), or glucose (this sometimes retarded 
it), and was still rapid at 10° 

6 Streptococci were able to synthesize cozymase 
from mcotmic acid and adenyhc acid m the presence 
of glucose, rates of -{-20mfimol /mg dry wt /hr 
were observed, winch were about those required 
to account for the observed cell content of the 
substance 

We are greatly indebted to Bliss E Ellis for assistance 
durmg these investigations ’ 
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The Amylose Content of the Starch Present 
m the Growing Potato Tuber 

By T G HALSALL, E L HIRST, J K N JONES Airo F W SANSOME 
Departments of Botany and Chemistry, University of Manchester 

{Received 12 November 1947) 


During the last few years it has l?een shown that 
starch consists of two components amylose, which 
IS a hnear polymer and comparable with cellulose, 
and amylopectm, which is a branched cham polymer 
comparable with glycogen The advances m this 
field have been greatly assisted by the development 
of the potentiometnc lodme titration method for 
estimatmg the percentage of amylose m starch 
(Bates, French & Rundle, 1943, Hudson, Schoch & 
Wilson, 1 943) By use of tins procedure the amylose 
content of many starches has been determmed, and 
starches have been esammed m which the amylose 
content vanes from less than 1 % m the waxy 
starches to over 60% m oertam varieties of pea 
starch (Bates et al 1943, Hilbert & MacMasters, 
1946) The published values of amylose contents for 
starches of similar botamcal ongm, e g maize, some 
times differ and this suggests that the amylose con 
tent is not necessarily a constant property of the 
starch from any given type of botamcal species 
Furthermore, by use of the newer methods for end- 


group determmation, anH with a knowledge of the 
amylose content of a starch, it is now possible with- 
out separation of the components to determine the 
proportion of glucose residues present m the amylo 
peotm fraction of the starch as terminal groups 
(Brown, Halsall, Hirst & J ones, 1948) For example, 
the sample of nee starch which was exammed by 
Hirst & Young (1939), who used the methylation 
techmque, has now heerr shown to contam 12 % of 
amylose, and hence we have present m the amylo 
pectm fraction one non rednemg terminal group/26 
glucose residues In other samples of nee starch, 
however, an amylose content of 14-16 % (Brown et 
al 1948) has been found, and the amylopectm 
fipaction has been shown to contam one non-reduemg 
temnnal residue/20 glucose residues This mdicates 
that different vaneties of nee starch do not all con- 
tam the same type of amylopectm It wiU be re 
called that Meyer & Hemnch (1942) have clauned 
that the starches extracted respectively from potato 
tubers, leaves and shoots, contam different pro- 
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portions of amylose and amylopectin, the shoots in 
particular having a high proportion (approx 46 %) 
of the amylose component 

In vieiv of this evidence it was considered desir 
able to mvestigate the amylose content and the 
ratio of termmal residues to non termmal residues 
present m the starch of two different varieties of the 
same botamcal species tliroughout their period of 
growth We therefore decided to examme at frequent 
mtervals durmg the growing season the starch 
present m the tubers of two varieties of potatoes, one 
an early and the other a mam crop variety 

EXPERIMENTAL 

Growing of potatoes The potatoes were grown from virus 
free Golden Wonder and King Edward ‘seed’, which was 
very kmdly given to us by the Seale Ha 3 Tie Agncultural 
College. 

Isolation of the starch The potatoes (c 600 g ) were washed 
to remove sod, scraped to remove the skm and cut mto small 
pieces, which were broken up m an ordmary mmeing machme 
The coarse mash thus obtamed was filtered and then ground 
up with a httle water m a mdl The resultmg fine slush was 
filtered, and allowed to stand for some hours m 1 % sodium 
sulphite solution with mtermittent shaking The sohd matter 
was then allowed to settle out and the supernatant hquid, 
which was usually dark m colour, was decanted This process 
was repeated two or three times Untd the sulphite solution 
no longer developed any colour The sohd matter was then 
suspended m water and filtered through coarse muslm, when 
fibrous material remamed on the cloth whilst the starch 
granules passed through They were allowed to settle and 
then washed by decantation with distilled water, the water 
bemg poured ofibefore complete sedimentation bod occurred 
This procedure ensured that any of the less dense fibrous 


OF POTATO STARCH 'll 

matenolwhich hod comethroughthefilterwos removed from 
the starch EmaUy, the starch was filtered off on a hardened 
smooth filter paper to avoid contammatmg it with cellulose 
fibres, washed first with water and then with methanol, and 
dried under diminished pressure The yield of starch was of 
the order of 40-60 g More starch of a poorer quahty (e g 
sbghtly discoloured) could bo obtamed by repeating the 
above extraction process with the fibrous material left on 
the m uslin filter 

Investigation of the starches All starch samples were first 
defatted by treatment m a Soxhlet apparatus for 18 hr with 
a constant boiling mixture of dioxon (80 %) and water (20 %) 
(Schoch, 1942, 1946) The sidphated ash content of the fet- 
fieo starch was detemimod. 

The amylose contents of the starch samples were deter- 
mmed by means of the lodme potentiometno method of 
Bates el al ( 1943) as modified by Hudson el al (1943) In 
our determinations a Cambndge potentiometer reading to 
0 1 mV was used m conjunction with a mirror galvanometer 
In the calculation of the amylose content the amylose was 
assumed to take up 21 6 g iodme/100 g amylose (Higgm 
botham A, Momson, 1947) In many of the previous pubh 
cations on this subject a lower figure (c 19 2 g iodme/100 g 
amylose) has been used for the calculation of amylose 
content, and the percentages of amylose quoted wiU therefore 
be a httle high It is probable that some of the work which 
has been reported ns havmg been earned out with pure 
amylose refers m fact to samples of amylose contammg 
6-10% amylopectm 

In addition to detemnmng the amylose content certam 
other properties were mvestigated with certam of the starch 
samples With these samples mtrogen estimations (micro 
Dumas) were earned out to see whether any appreciable 
amount of protem was bemg isolated along with the starch 
The optical rotations of these samples m N NaOH were also 
determmed, and finally the samples were oxidized by KIO,, 
and firom the amounts of formie acid produced the number 
of glucose residues containing Tme non reduemg termmal 


Table 1 Properties of starches from two varieties of potatoes 


Date of oollectmg 

Ash content 

potatoes 

(%) 

10 vu. 46 

08 

16 vu 46 

1 2 

24 vu 46 

08 

31 vu 46 

09 

7 vm 46 

12 

14 vm. 46 

06 

20 viu 46 

04 

6 IX 46 

07 

10 IX 46 

09 


N Mb m 

%) H NaOH 

Golden Wonder potatoes 
<0 1 +160° 


<0 1 +169° 


<0 1 +160° 


Amylose* 

(%) 

At 

Bt 

18 

32 

26 

18 



— 

19 



— 

19 





18 

33 

27 

16 



— 

16 





16 





16 

32 

27 


King Edward potatoes 


31 vii 4ff 

06 

<01 

7 vfii 46 

1 1 


14 vm 46 

07 

-- 

20 vm 46 

06 

<01 

6 IX 46 

08 


10 IX 46 

06 


24 IX 40 

08 

04 


+ 169'‘ 

16 

32 

27 

— 

18 



- 

— 

15 





+ 169^ 

16 

33 

28 

— 

16 




— 

16 

_ 


+ 101'* 

17 

33 

27 


+ amylose contents is ±1%. e g 18±1% amylose 

T tol A giiM the number of glucose residues/one non reducing termmal residue m the whole starrb unit eel n 
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residue was calotdated for the vanous samples From these 
figures and the percentages of amylose present the number 
of glucose residues containmg one non reducmg termmal 
residue in the ftmylopeotin fraction iras estimated The 
results of the analyses and calculations are given in Table 1 

DISCUSSION 

The figures for the amylose content of the starch for 
King Edward potatoes varied between 16 and 18 %, 
but showed no definite upward or downward trend 
In the case of the starch for Golden Wonder potatoes 
the upper and lower figures were 19 and 16%, re 
spectively, and the lower values were obse^^ ed at 
the later period of growth The variation is, however, 
only just outside the estimated range of exjieri- 
mental error, and it is not possible at tins stage to 
decide whether or not it is significant For neither 
of these starches can it be said, on the basis of the 
present data, that any noticeable change m the 
proportion of amylose and amylopectm occurs 
durmg the period of growth Furthermore, the 


results mdicate that the amylopectins present m the 
two varieties of potato are identical, and belong to 
that group of amylopectins which contam some 24- 
26 glucose residues/termmal group This proportion 
of end groups is the same as that found also m 
other samples of potato starch (Brown et al 1948) 

SUaniAIlY 

1 Samples of the starches present m the tubers of 
two varieties of potato. Golden Wonder and King 
Edward, have been isolated at mtervals tliroughout 
the period of growth of the plants 

2 No significant variation m the properties of 
amylose (c 17%) and amylopectm (c 83%) was 
observed durmg the period of growth 

3 In the amylopectm portion of the starches 
there was one termmal glucose residue for every 
24-26 glucose residues, and the amylopectm for 
the two varieties of potatoes appeared to be 
identical 
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The Sorption of I)DT and its Analogues by Ghitin 

Br K A LORD, Eotkamsted Expenmental Station, Harpenden, Herts 
{Received 20 November 1947) 


On the basis of a general correlation between the 
possession of a chitmous cuticle and sensitivity to 
DDT poisomng, and the fact that chitm will sorb 
DDT from colloidal suspension, Richards & Cutkomp 
(1946) put forward the hypothesis that the clutm of 
the cuticle serves to concentrate DDT selectively 
from the media with which the insects are treated, 
and so to give a higher concentration inside the 
animal * If this is actually the case then it is 
reasonable to expect that the toxicity of compounds 

* These authors say that DDT is adsorbed by ohitm This 
imphes a surface action and smee no proof is offered as to the 
mechanism of the process the term ‘sorption’ has been used 
throughout this paper smee this word does not imply any 
particular mechanism 


sumlar to DDT wiU be affected m some degree by the 
extent to which they are sorbed by clutm, and that, 
m makmg comparisons of their potencies account 
must be taken of the degree of concentration of these 
substances m the insect by the sorptive action of the 
clutmouB cuticle 

Experiments were therefore earned out to ob 
serve the sorption by chitm of a number of DDT 
analogues from colloidal suspensions In order to 
do this it was necessary to devise a method for 
eatunatmg the DDT or its analogues sorbed from 
colloidal suspension, and also to obtam a general 
picture of the effect of time, concentration and 
amount of clutm present on the amount of DDT 
sorbed 
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Under the expeninental conditione descnbed here, 
it 18 possible that DDT is mechanioally retained by 
chitin The retention of DDT by clutin ivas therefore 
compared -with that by fine sand, which would also 
ret am DDT from colloidal suspension if a mechanical 
action only were involved 
In an attempt to obtain some information on the 
mode of sorption of DDT by chitm, the chitm was 
replaced by other materials, viz cellulose, because 
of its similar structure to chitm, and wool repro 
sentmg a protemous group of matenals Also, the 
sorption by chitm of different particle sizes was 
examined, but unfortunately it was not possible to 
measure the particle size of the chitm owing to the 
irregular size of the lammat particles 

The work descnbed has been of a prehimnarj and 
exploratory nature upon which further miestiga 
tions might be based, and it was not mtended as an 
exhaustive exammation of the problem of sorption 
of DDT and its analogues by chitm Sufficient m 
formation was souglit to decide whether or not the 
great difference m the toxicities of DDT analogues to 
insects might possibly be explamed by differences m 
the rate or extent to which they are sorbed by chitm 
Such differences were not observed, and experiments 
Inth further groups of analogues were not contmued 
since it IS unlikely that useful information would be 
obtamed in this way Further mvestigation on the 
effect of temperature on the sorption of DDT by 
^ohitm might, however, throw some hght on the m- 
fluence of temperature on the toxic action of DDT, 
and the work is to be contmued with this end m 
new 

METHODS 

Preparahon of colloidal suspensions of DDT and its 
analogues 'Colloidal susponBiouB of DDT may be prepared 
by the esohange of eolvents methocL Kelatively stable 
suBpeneionB, from which the disperse phase is not deposited 
for 24 hr or more, may bo prepared by rapidly dilutmg with 
■aater ethonolio solntions of DDT or its analogues This can 
perhaps be beat effected by mnmng tbe solution from a 
fiumcl mto a well stirred volume of water Altbongh the 
method allows of considerable control of the rate of dilation 
of the ethanoho solution, it presents difficulties when the 
amount of ethanol used is barely sufficient to dissolve at 
room temperature all the DDT or analogue present In this 
case considerable quantities of solute are likely to crystallize 
out on the sides of the funnel, when the solvent evaporates 
from the large surface presented as the solution drams from 
the funnel Moreover, m the circumstances under con- 
sideration, it IS not possible to redissolvo the deposited solute 
With more solvent The use of hot ethauohc solution is also 
not practicable, since tbe greater evaporation from the hot 
solvent, combmed witb tbe rapid cooling by the glassware, 
tends to mercase the amount of ciystalhna material 
separatmg out It is however, possible to prepare colloidal 
suspensions from ethanohe solutions of DDT analogues, 
saturated at room temperature, by addmg water tcit 
rapidlv to the vigorously stirred ethanohe solution la this 


way separation of DDT analogue from the othanoUo solution 
before dilution with water is avoided 

In order to facilitate the rapid dilution of a small amount 
(B-10 ml ) of solution with a large bulk (100 ml ) of water, 
a special apparatus, made by cuttmg a 600 ml round 
bottomed flask through its maximum diameter," was con 
etrncted The neck of the flask was then drawn out and sealed 
off to give a goblet-ahaped vessel To prepare a colloidal 
suspension, 10 ml of ethanohe solution of DDT analogue 
were placed in the small cup formed by the sealed off neck 
portion of the flask The ethanohe solution was then stirred 
vigoTonsly with a spiral glass stirrer driven by a small 
eleotno motor, and 90 ml of distilled water were adied as 
rapidly as possible from a measurmg oylmder An almost 
instantaneous ddntion was obtamed A further 100 ml of 
water were then added as rapidly as possible to give « 
colloidal solution of DDT analogue in 6 % ethanol in water 

Sorption of DDT analogues on to chitm The same general 
procedure was used throughout A coUoidol suspension of 
DDT, or one of its analogues under consideration, was 
freshly prepared and samples were measured out mto corneal 
flasks 'Weighed portions of ohitm (from lobster shell) were 
then added to the contents of some of these flasks, the 
remomder bemg used as blanks to correct for any analogue 
not m colloidal suspension The flasks were then kept gently 
agitated on a meohauioal shaking maohme for the desired 
time 

For simphoitv, the treatment of an individual flask and 
ita contents null now be described, since from this point 
onwards the tests and blanks were treated m exactly the 
same way After sorption had taken place for the desired 
period, the contents of the flask were filtered through a no 3 
smteted glass crucible, and any sohds which remamed m the 
flask were washed mto tbe filter with distilled water The 
washmg of the filter with distilled, water was contmued until 
it was free from colloidal suspension The DDT analogue 
retamed by the filter was then estimated. Tests were also 
earned out with other matenals Instead of chitm ^ 

Estimation of DDT or analogue sorbed by chitm Of the 
methods available for the determination of DDT, only those 
based on the determination of either all or a defimte part of 
the halogen of the molecule are directly apphcahle to DDT 
ansdognes Other methods of estimating DDT are based on 
colour reactions, which may or may not bo satisfactory for 
the estimation of its anolognes Therefore, smee the removal 
of one molecule of HCl by alkali occurs verv readily with both 
DDT and its analogues, the foUowmg method of estimatmg 
them was used m preference to any other method The 
smtered gloss crucible, through which the colloidal solution 
otDDT or one of its analogues had been filtered, was allowed 
to dram, and any water remaimng m tbe underside was 
removed with a piece of filter paper The crucible was then 
fitted mto a dry holder held by a rubber hungm a Buchner 
flask, which contamed a small test tube to collect the 5 ml 
of acetone were used to dissolve any DDT or analogue 
returned by the crucible The crucible holder was then 
washed with a httle acetone, and the contents of the test 
tube were transferred to a 100 mL stoppered corneal flask, 
with further washmg with acetone The crucible was again 
washed with 6 mk of acetone, which was collected m the 
test tube and transferred to the comcal flask. The crncible 
was then washed successively with 0 5x ethanohe NaOH 
(I mk), ethanol (2 mk) and acetone (5 ml ), and all washmgs 
coUected m the test tube and finally transferred to the comcal 
flask. 
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The solution m the conical flask ivas then evaporated to 
dryness on a rvater bath, not only to reduce the bulk of 
hqmd, but also to ensure complete hydrolysis of the DDT 
or analogue present In the meantime, the crucible had been 
■washed mth 6 ml. of distilled rvater, which were added to the 
residue m the comcal flask The bberated halogen was then 
estimated by the Volhard method The contents of the 
comcal flask rvere acidified mth apptox 8> HNOj (0 6 ml ) 


1948 

and an e-vcess of 0 01 ^-AgNOJ added Nitrobenzene (1 ml ) 
was added, and the excess sdver ■was titrated ■with standard 
0 01^ NHiCNS using one or two drops of saturated feme 
ammomum sidphato solution as mdicator 

RESULTS 

The results are presented in Tables 1-6 


Table 1 The sorption of DDT by varying amounts of cJiitin 

(A colloidal suspension contaimng 0 05 % DDT m 6 % ethanol m water was prepared Portions (20 ml ) of this suspension 
were agitated for 80 mm with various quantities of chitm, after which the amoimt of DDT sorbed by the ohitm was 


estimated ) 


DDT sorbed 


DDT m blanks 



(corrected 

DDT sorbed 

vnth no 


Chitm 

for blanks) 

by ohitm 

chitm 

Date 

(g) 

(mg) 

(mg /g ) 

(mg) 

10 vu 46 

010 

26 

25 

1 1 


0 20 

20 

13 

£6 


0 30 

0 40 

61 

76 

20 

19 

Mean 0 9 

17 vu 46 

0 20 

23 

11 

0-0 


0 30 

41 

14 

1 0 


040 

70 

18 

Mean 0 6 

20 IX 46 

() 11 

20 

18 

02 


0 21 

33 

16 

06 


0 31 

0 39 

40 

06 

16 

17 

Mean 0 4 


060 

80 

16 

— 


Sand used instead of ohitm (of 17 vn 40) 



DDT retamed (not 

Sand 

corrected for blanks) 

(g) 

(mg) 

0 20 

00 

0 30 

06 

040 

07 


Table 2 The sorption of DDT by chiltn during various periods of time 


(Portions (0 3 g ) of chitm were added to 20 ml portions of 0 06% DDT colloidal suspension m 6% ethanol m wato 
The mixtures were agitated for vonous lengths of time, after which the amoimt of DDT sorbed by ohitm was determmed ) 


Date 
27 IX 46 


30 IX 46 


Time of 


sorption 

Chitm 

(mm ) 

(g) 

30 

0 31 

60 

0 31 

120 

0 30 

240 

0 31 


30 

0 31 

60 

0 31 

120 

0 30 

180 

0 30 

240 

0 30 


DDT sorbed 


(corrected for 

DDT sorbed 

blanks) 

by chitm 

(mg) 

(mg/g) 

29 

9 

46 

16 

66 

19 

66 

21 


42 

14 

66 

18' 

87 

29 

90 

30 

86 

29 


DDTm 
blanks with 
no ohitm 

(mg) 

07 

02 

01 

ii 

Mean 0 6 

02 
01 
09 
0 1 
02 

Mean 0 6 
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Table 3 The effect of varying the eoneentration of DDT on lia eorpiion by chitm 

(Portions (20 ml ) of 0 6% DDT colloidal suspension m 6% othnnol m -water -were diluted with 6% ethanol to give 
various concentrations of DDT To samples of these vanous dilutions, chosen to oontam 10 mg of DDT, portions of 0 3 g 
of chitm were added and agitated for a penod of 95 mm ) 

DDT sorbed DDT m 



DDT 


(corrected for 

DDT sorbed 

blanks -witl 


concentration 

Chitm 

blanks) 

by chitm 

no chitm 

Date 

1%) 

(g) 

(mgl 

(mg Is ) 

(mg) 

2 X 46 

0 05 

0 31 

68 

19 

02 


0 026 

0 31 

23 

7 

07 






Mean 0 6 

3 X 46 

0 05 

0 32 

67 

21 

04 


004 

0 30 

42 

14 



0 026 

0 31 

— 

— 

1_0 






Mean 0 7 

4 X 46 

0 05 

0 31 

80 

19 

02 


004 

0 31 

46 

16 



0 033 

0 30 

34 

11 



0 026 

0 30 

1 6 

5 



0 013 

0 31 

1 8 

3 

1_1 






Mean 0 6 


Table 4 Sorption of DDT analogues by,chiitn 

(The sorption by ohitm of the four symmetrically paro-subatituted halogen derivatives of 1 1 1 tnohloro 2 2 diphenyl- 
ethane feom. colloidal suspension m 6% ethanol m water was esammed. Samples (40 ml ) of colloidal suspensions of 
the analogue?, each contavmng 18 0* x lO”* mol of analogue, were agitated with portions (0 30 g ) of chitm for vanous 
lengths of time, after which the amount of analogue sorbed by the chitm was estimated ) 





Analogue sorbed 

Analogue m 




(correotM for blank) 

blank usmg 


Time 

Chitm 

r — 

A 

no chitm 

Date 

(mm ) 

(g) 

(mg) 

(moL X 10~*) 

(mg) 


111 Tnohloro 2 2 bis(4' flnorophenyl)ethane, 0 0161% suspensioa 


23 X.46 

00 

0 30 

1 1 

34 

06 


116 

0 30 

1 1 

34 



160 

0 29 

20 

62 



195 

0 30 

24 

76 

07 


240 

0 30 

32 

99 



300 

0 30 

30 

93 



300 

0 30 

31 

96 







Mean 0 8 


111 Tnohloro 2 2 bis(4' ohlorophenyl)ethane, 0 0166% suspension 


18 x.46 

30 

0 30 

10 

28 

03 


60 

0 30 

14 

39 



90 

0 29 

1 6 

46 



160 

0 30 

20 

66 



180 

0 30 

23 

86 



210 

030 

29 

82 



240 

0 30 

26 

70 



270 

0 30 

22 ' 

62 

01 






Mean 0 2 

26 I 40 

60 

0 30 

09 

26 

06 


116 

0 30 

12 

34 



150 

0 30 

28 

79 



196 

030 

29 

82 

0 3 


240 

0 30 

30 

86 



300 

0 30 

42 

118 

00 






Mean 0 3 


* 18 6 X 10^ mol of DDT or its analogue m 40 ml of 6% ethanol m water was chosen so that these results would bo 
comparable with the earlier expenmenta on tho sorption of DDT and its analogues It corresoonds to n n 9 io/ /^/„i 
BuspeilfcioTi of tho xodo analogue ^ /o K i i 
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1948 





Analogue sorbed 

Analogue m 




(correct^ for blank) 

blank using 


Time 

Clutm 

1 

, 

no chitm 

Date 

(mm ) 

(g) 

(mg ) 

(mol X 10“*) 

(mg) 


111 Tncbloro 2 2 bis(4' bromopbenyl)othane, 0 0200% suspension 


21 X 46 

00 

0 30 

1 7 

38 

10 


116 

0 30 

28 

03 



160 

0 29 

48 

10 8 

07 


195 

0 30 

38 

80 1 



240 

0 30 

44 

99 



300 

0 29 

62 

11 7 



300 

0 29 

6 6 

12 0 

OJO 






Mean 0 6 


111 Tncbloro 2 2 bis(4' iodophenyl)ethane, 0 0250 

% suspension 

* 

11 X 46 

30 

0 31 

04 

07 

29 


60 

0 30 

1 6 

28 

12 


' 120 

0 31 

4 1 

76 

22 


180 

0 30 

04 

11 9 

00 


240 

0 31 

67 

10 6 

21 






Mean 1 3 


(Amount of DDT sorbed ui46hr by03g of chitm from a colloidal suspension containmg 18 6 x 10“® mob of analogue 
m 40 ml of B % ethanol m ivater ) 




Amount sorbed (mob x 10“*, corrected for blank) Blank (mol x 10“*) 

111 Tncbloro 2 2 biB(4' flnorophenyl)etbane 


118 


27 

10 9 


46 

12 0 


33 

117 


41 

12-4 



11 8±O0 


31 


111 Tncbloro 2 2 bi3(4'*ohloropbenyl)ethane 


12 4 

113 

114 
94 
92 


2 1 

23 
1 7 

24 


Mean 10 7±14 

2 1 


111 Tncbloro 2 2 bis(4' bromophenyl)etbane 


11 5 13 0 

1 7 

02 

116 142 

23 

00 

16 7 13 9 

1 1 


14 7 



Meanl3 4±2 2 13 7±0 0 

1 9 

0 1 

111 Tncbloro 2 2 bia(4' iodophenyl)ethane 


13 6 

19 


14 2 

1 6 


14 7 

09 


16 6 

20 


13 0 

, 


Mean 14 2±1 0 

1 0 


111 Tnohloro 2 2-diphenylethane 



10 9 

3 2 


93 

23 


121 



Mean 10 8 

2 8 


1 1 1-Tnohloro 2 2 bis( 4 '-ethoxyphenyl)ethane 


7 3 

08 


10 3 

03 


84 



Mean 8 7 

00 
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Table 6 Sorptive powers of chitin powder before DISCUSSION 


and after grinding 

(A portion of chitin ivns token from the onginol cample 
and gronnd m a meohameally operated agate mortar 
Portions (0 1 g ) of the two samples of ohitm were agitated 
with 20 ml samples of 0 05% DDT suspension m 6% 
ethanol m water for 3 hr , and the amount of DDT sorbed 
by the ohitm was estimated ) 


DDT retamed by ehitm (mg /g , 
corrected for blanks) 


— 

Before grmdmg 



After grmdmg 

1 

^ 

<* 


16 

18 

43 

47 

22 

22 

41 

52 

19 

21 

48 

53 

Mean 19±3 

20±2 

44±4 

61±3 


Table 6 Action of various substances on 
colloidal suspension of DDT 

(Weighed portions of the substances under tnal were 
agitated with 20 ml portions of 0 05% DDT coUoidal sus 
pension m 6% ethanol in water The amount of DDT 
retamed was estimated unmediately after addition of the 
material and at some later time Blanks were also run to 
detonnme the amounts of DDT retamed by the fitters ) 

DDT (mg, corrected 

retamed for blank) 

r- , 

At zero tune After 2 hr Blank 


Since the agitation of sand "with a colloidal sus- 
pension of DDT does not cause any significant 
increase in the amount of DDT re tamed by the filter 
itself from an untreated suspension (Table 1), it is 
clear that clutm must sorb DDT from its suspension, 
and does not cause the disperse phase to separate 
merely by mechamcal action The DDT retamed by 
asbestos and filter paper fibres (Table 6) appears to 
be held mechamcaUy, smee the amount retamed is 
apparently mdependent of time If the actiomvere 
other than mechamcal, cellulose m other forms than 
filter paper pulp would be expected to retam DDT 
fi’om colloidal suspensions, but cellulose m the form 
of cotton wool, m which the fibres are longer, and 
thus do not form such a compact pad, does not retam 
DDT It therefore appears that DDT is not sorbed 
by cellulose A small amount of DDT is re tamed by 
sheep’s wool (Table 6), but much less than that 
sorbed by chitm This rather weak alfimty of wool 
for DDT IS m Ime with the results reported by West & 
Campbell (1946) 

Smee the structural configuration of ohitm and 
cellulose are very similar (Clark & Smith, 1936), it 
may be concluded that sorption occurs by a physico- 
chemical or chemisorption process associated with 
the presence of ammo groups m the sorbmg sub 
stance 


Gooch asbestos, 0 10 g portions 


60 

1 8 

08 

11 

-01 

08 

62 

64 

07 

64 

10 

03 

65 

34 

1 9 

28 

07 

Sheep’s wool, 0 20 g portions 

14 

-05 

06 

1 1 

0-0 

1 1 

08 

-04 

1 4 

— 

00 

00 

09 

00 

12 

08 

00 

06 

08 

Cellulose, 

(1) Fibres of cotton wool, 0 10 g 

portions 

08 

09 

09 

00 

08 

08 

12 

0 20 g portions 


1 6 

1 1 

07 

1 5 

1 0 

1 1 

18 

13 

1 1 

Cellulose, (2) 

Fibres from pulped filter paper, 0 

lOg portions 

78 

7 7 

06 

83 

88 

05 

83 

88 

After After After 

06 


05hr lOhr 16hr 

Blank 

34 

21 19 30 

1 0 

6 4 

30 24 44 

14 


I 




HOCH 


1 

, CH HO 


HCOH 


HCOH 
^CH 


HO 

HO 


I I 

CH HC 
'^CH 


0 Hy N— C CH, 


HO CH, CH HC OH 


r 


CHjOH 


CH, C— N CT 
HO 


,CH 


CH O 

in HC 


CH,OH 


Cellulose 


Chitm 


The relative lack of sorptive capacity' of wool as 
compared with chitm may possibly be related to 
molecular configuration rather than to differences m 
surface area of equal weights of the two substances 
The mcrease m sorptive power of chitm as a result 
of grmdmg (Table 6) mdicates that sorption is a 
surface) phenomenon Unfortunately, owing to the 
irregular shapes of the lammar particles, it was not 
possible to estimate the surface area of the chitm 
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powders, and thus to relate qu£intitativel 5 ’' surface 
area and the amount of DDT sorbed 

Comparison of the two sets of results m Tables 2 
and 4 show that the rate at which the imtial rapid 
sorption takes place depends on the concentration of 
the suspension used This is further home out by the 
results set out m Table 3, which records the amount 
of sorption by a fixed amount of clutm m a fixed 
time from colloidal suspensions of differing concen- 
trations 

Consideration of the amount of DDT sorbed by 
a given mass of chitm (Tables 2 and 4) suggests that 
sorption takes place rapidly at first, and then either 
proceeds much more slowly or ceases altogether 
Although the rate of sorption of DDT by clutm is 
partly dependent on the concentration of the sus 
pension used, the apparent cessation of sorption 
(Tables 2 and 4) can be explamed on the basis of the 
clutm becoimng saturated with DDT, which again 
IS the only possible explanation for the apparently 
constant amoimt of DDT sorbed by a umt weight of 
clutm m some experiments (Tables 1 and 2) 

Although the molecular amounts of DDT aualo 
gues sorbed by a given weight of ohitm from eqm- 
molecular suspensions (Table 4) are not significantly 
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different, there appears to be a tendency for the less 
toxic analogues to be sorbed to a greater extent than 
the more toxic analogues The rates at which the 
various analogues are sorbed appear to be approxi 
mately equal, the differences bemg well within ex 
penmental error > 

SUjMALARY 

1 DDT and its analogues are readily sorbed by 
chitm from colloidal suspension The sorptive power 
appears to be pecuhar to clutm smce cellulose, wool 
(protem fibre) and silica powder do not possess this 
power 

2 The rate of sorption depends on the concen 
tration of the colloidal suspension 

3 The total amount sorbed by a given weight of 
clutm appears to depend on the surface area of the 
chitm 

4 The molecular amounts of DDT and its 
analogues sorbed from suspensions of equimolecular 
concentrations are approximately equal, as are 
apparently the rates of sorption 

6 There is no sigmficant correlation between the 
sorption of DDT analogues on clutm and their 
toxicity 
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Studies on Biological Methylation 

11 THE ACTION OF MOULDS ON INORGANTC AND 
ORGANIC COMPOUNDS OF ARSENIC 


By MARJORIE L BIRD, F CHALLENGER, P T CHARLTON J 0 SMITH 
Depariment of Orgamc Ohcmlslry, The University, Leeds 

{Received 8 December 1947) 


Methylation by moulds general and selective 

The conversion of arsemtes, selenites and tellurites 
to tnmethylarsme, dimethyl selemde and dimethyl 
tellunde m cultures of Scopulanopsis brevicaulis has 
been described by Challenger & Higgmbottom (1936) 
and m Parts I— VH and iX of this series (for refer- 
ences see Challenger, 1946) The theoretical aspects 
of the subject are discussed m Part VTH (Challenger, 
1942, 1946) This methylating action is also 
exerted on salts of alkyl- and diaikyl arsomo acids, 
i?ABO(OH)j and RjAsO OH (Challenger, Higgm- 
bottom & EUis, 1933 , Challenger & BUis, 1936, Chal- 
lenger & Rawlmgs, 1936) givmg i?As(CH 3 ). and 


RjAsCHg, and on salts of the alkylselenimo acids, 
RSeO»H (Bird & Challenger, 1942) givmg RSeGHj 
Thom & Raper (1932) reported that several other 
moulds volatihzed morgamc arsemc, doubtless as 
tnmethylarsme, although they did not examme the 
product Some of these orgamsms have been studied 
by Bird & Challenger (1939, 1942) with similar 
results PenictUvum chrysogenwn, P notatum and P 
notatum sp produce dimethjd tellunde from potas 
Slum tellurite and dimethyl selemde from both 
sodium selemte and methaneselenmic acid The three 
last named moulds are, however, moapable of pro 
ducmg trunetbylarsme from arsemous acid under 
the usual conditions Tlus recalls the statement of 
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Se^le (1903) who had obtained a mould (tin 
speoifiedf which produced a volatde unidentified 
selemum compound, but was inert towards arsenic 
No other workers have recorded any examples of 
this selective methj'lation Further instances are 
now presented, and the mterestmg fact lias emerged 
thatP chrysogcmim, P noiatuin, P nolatumsp and 
two strains of Aspergillus niger exert a selective 
action on compounds of arsemc and readily methyl- 
ate sodium methylarsonate, CH 3 AsO(ONa)s, and 
m most cases sodium cacodj late, (CH 3 ) 3 AsOONa to 
tnmethj larsme, but are mert to araemous acid It 
could, however, be suggested that this conversion is 
not necessarily a methylation, but might mvolve a 
reduction followed by a disproportionation 

(«r) PAsO(OH).-+ii!As{OH)j., 

(6) 3i?As(OH)3->i?3Aa + 2As(OH)3 

Thus, Gnschkwitsch Trochunovski (1928) states 
that the oxide C 3 H 5 ABO which results from the 
action of alkah on ethyldichloroarsme CjHsAsClj, is 
converted to tnethylarsme and sodium arsemte This 
possibihty 18 , however, excluded by the behaviour of 
sodium ethylarsonate CiH 5 AsO(ONa)j and sodium 
alljdarsonate CHj CHCH.A 80 {ONa )2 m bread cul 
tures of A mger and of Penictlhum chrysogenum 
respectii’ely, dimethylethyiarame and dimethylallyl 
arsine bemg produced m a pure condition If re 
duction and disproportionation only had occurred, 
the products would have been tnethylarsme and 
tnallylarsme respectively Had methylation of any 
arsenious oxide, simultaneously produced (see 
equation (b)), taken place, trimethylarsme would 
have been formed m addition Smee only dimethyl 
ethylarsme and dimethylallylarsmo are evolved 
from the cultures, the reaction -with these tliree 
moulds is therefore a methylation, as m the case of 
the analogous experiments with Scopulartopsis 
brevicauha 

Tliree of the moulds under discussion, Pemcvlhum 
ehrysoganum, P nolatum and P notatum sp exert no 
such selective action on selemum compounds, but 
coniert sodium selemt© and methane ethane and 
propane 1 selenimc acidsto dimethyl , methj lethyl 
and methyl n propyl selomdes respectively (Bud 
Cliallengor, 1942) TJie mabihty of the five organisms 
mentioned above to methylate inorganic arsemc 
must be associated ^vlth the earhest stages of the 
methylation process, which, according to ony theory 
of biological methylation, involves the formation 
of methylarsonic acid CH 3 AsO(OH)j The green 
Pemcillia and Aspergillus ntger readilj convert tlus 
compoimd to trimetliv larsme The seleetiv e action 
ninj, be connected with the electron releasing effect 
of the alkvd groups, w Inch would render electrons 
more rondih a\ ailnble on the arsenic atom and the 
oxv'gen atom to which it is attached thus facilitating 
both reduction and attachment of a methv 1 group 


Aromatic arsontc acids and Scopulanopsis brencauhs 

Phenjdarsomc acid yields no volatile arsme m 
cultures of S breincauhs (Challenger & Rawlmgs, 
1936, 1937) Itseemedpossiblethat 2 4 xylylarsomo 
acid contaimng two electron releasmg methyl 
groups might be more reactiv e, but m bread cultures 
of S brcmcaulis no xylyldunethylarsme or other 
v’-olatde arsine was produced 

We have now found that phenyldimetliylarsme is 
not evmlved from cultiues contammg phenyl 
arsenoxide (CeHjAsO) or phenylmethylarsomc acid 
(C,H 5 A 8 (CH 3 ) 00 H) An explanation based on the 
difficult volatdity of phenyhneth 5 darsines would 
appear to be excluded, because it has now been 
shown that the mtrate of phenyldimethylarsme 
oxide (C,HjAs{CH 3 )jO) is readil 3 reduced by bread 
cultures of S brevicanlis givnng phenyldunethyl 
arsme (CcH^AB(CH 2 )i), which can be removnd m 
sterile au and characterized as the mercuricliloride 
Were the mould able to methylate phenylarsomc acid 
to phenyldimethylarsme the oxide C!,HjAs{CH 3).0 
would be an mtermediate compound, on the basis 
of either the transmethjdation or the formaldehyde 
theory of biological methjdation (Challenger, 1942, 
1945) 

This easy reduction of phenyldimethylarsme oxide 
mtrate (phenyldimethyUiydroxyarsomiun mtrate) 
recalls the formation of tnmethyl- and tri n propyl 
arsmes from tnmethylhydroxyarsomiim mtrate and 
tn n propylarsme oxide respectively (Challenger i, 
Hjggmbottom, 1936), of diethyl sulphide from di 
ethjl sulphoxade, and of dimethyl selemde from di- 
methylhj droxyselenomum mtrate (Challenger & 
North, 1934), m cultures of S brtvicaidis On the 
other hand, tnmethylamme oxide hj'drate and tn 
methylhj^droxyammomum chloride give no tri- 
methjdamme m bread cultures of this mould In 
view of the enzjunic formation of tnmethylamme 
from its oxide m fish this negative result is m- 
terestmg 

Attempt to test the, formaldehyde hypothesis of biological 
melhylalion 

This hjqoothesis assumes the formation of hj - 
droxymethj larsomc acid (HOCH;AsO(OH).) from 
nrsemous oxide and its subsequent reduction to 
CH 3 AsO(OH )3 This acid lioS not been synthesized 
and a crucial test of the hj’pothesis has not been 
possible (Cliallenger etal 1933 , Cliallenger Higgm- 
bottom, 1935) It appeared possible that the be 
hav lour of the condensation product of phenvdarsine 
(0,HjAsH.) and acetaldohj de {C(,H 5 As(CHOHCH 3 ) 3 ) 
(Pabner &, Adams, 1922) in cultiues of S brcitcauiis 
might throw some light on the problem, smee tlus 
should vield phenv Idiethvlarsme In glucose 
Czapek Dox cultures of the mould, howev er, the 
compound underwent hv drolvsis yieldmg acotalde 
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hyde, its instability recalbng that of the conden- 
sation product of ethj’-lthiol and acetaldehyde (Levi, 

1932, Challenger & Rawlings, 1937) The b6ha\uour 
of this hydroxyarsme to mercuric clilonde was 
studied m new of its possible % olatihzation from tlie 
cultures and reaction with tins reagent m the 
absorption tram With excess of a saturated aqueous 
solution the arsine gave a wlute precipitate, which, 
on boihng with ethanol, gave mercury, mercurous 
cMoride, phenylmercurj' chlonde, arsenobenzene, 
acetaldehyde, and a trace of a phenj Dialogenarsme, 
probably phenyldichloroarsine 

It IS -neU known that cholme and betame con 
engage m transmethjdation m rats (Simmonds, 
Colm, Chandler & du Vigneaud, 1943 , du Vigneaud, 
Simmonds, Chandler A/ Cohn, 1946), andm} cological 
metliylation may proceed by a similar process 
(Cliallenger, 1945) No appreciable effect on tn- 
methylarsme production was observed by Clial- 
lenger & Higgmbottom (1936) on addition of chohne 
or betame to bread cultures of S brevicauhs con- 
tammg arsemous oxide Tlie effect of ‘tnethyl- 
cliohne’ chlonde [(CjHsljNCHjCHjOHJ'^Cr and 
‘triethylbetame’ ^(CnHsljNCHjCOO” m similar cul- 
tures has now been investigated Careful examina 
tion of the dimercuricliloride so obtained failed to 
show the presence of an eth j 1 dern atu e Tlus recalls 
the work of du Vigneaud (1941), who showed that 
when ethionme {S ethj'Uiomocysteme) and cholme 
are fed to rats on a methionme free diet no growth 
resulted, mdicatmg that de ethylation of etluonme 
to homocysteme does not occur Results of the 
present and earher papers are summarized m 
Table 1 

EXPERBIENTAL 

Behaviour of different moulds in bread cultures to 
various sources of arsenic 

Unless otherwise stated the moulds were obtamed from the 
National Collection ol Type Cultures at the Lister Institute, 
London (N C T C ) 

Arsemous oxide The foUowmg moulds were found to 
convert As-Oj to tnmethylarsme when the oxide was present 
to the extent of about 0 2 % m the bread Aspergi llus glaucus 
(Bu-kbeck) (N C T C no 1210) and A versicolor (N C T C 
no 1883) The quantity produced was, however, much 
smaller than with the organisms and substrates described 
below The tnmethylarsme was absorbed in acid HgCl, 
(Bigmelh’s solution) (Challenger ei al 1933), and char 
actenzed as the dimerounchlonde, the meltmg pomt 
(decomp ) of the unrecrystallized product vaned from 265 to 
260° Satisfactory mixed meltmg pomts were earned out m 
these and most of the followmg expenments Tnmethyl 
arsme dimerounchlonde has been repeatedly exammed 
during the course of these mvestigations (Challenger ei al 

1933, Challenger Higgmbottom, 1936) We find that, 
usmg bread cultures of Scopulanopsis brevicauhs (Sacc ) 
Bamier (Baam List of Fungi, 1932) contammg about 0 1% 
of AsjOj, roughly 70% of the added arsemo may be 
recovered as tnmethylarsme dimercunchlonde during 
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24 months’ aspmition S brcvtcauhs (strain Ders N C T C 
no 1362) yielded about 80% in 10 months An attempt -was 
made by Dr C Simons m these laboratories to mcrcase the 
rate of tnmethylarsmo formation by this mould by culti 
vatmg the stram S brcvtcauhs (Saco ) Banner (Baam List of 
Fungi, 1932) for 33 generations on a potato agar medium 
containmg 0 12-0 16 % of AsjOj No appreciable alteration 
m the rate of methyktion could be detected, when the 
‘ tramed’ mould ■wasmoonlated on to sterile bread containmg 
01%ofAs.O, 

Sodium mefhylarsonafe (CH,A60(0Na),) The foUovrmg 
moulds gave tnmethylarsme, ohamctenzed as the dimer 
cunchlonde (unTeoryst ), the meltmg pomt (decomp ) 
Tatyingfrom262to203° PentciUtumchrysogtnumfi^ CTC 
no 680), P notaium (N C T G no 4222), P nolaium sp (see 
Bud & Challenger, 1939), Aspergillus nigcT and' A niper 17’ 
(ohtamed from Dr T K Walker of the Biochemistry Depart 
ment, The College of Technology, Manchester), A fscheri 
(NCTC no 3779), A glaucus (Birkbeck) (NCTC 
no 1216) and A uersi color (N C T C no 1883) The concen 
tration of the sodium methylarsonate in the bread was 
0 2-9 25%ev.eeptinthecnsoof A mper,'whereit'wasO 07% 
In the case of BeniciBiiim uotalum and Aspergillus niger 17 
the tnmethylarsme ivaa also chamotensed as tnmethyl 
hydroiyarsomnm nitrate (CHj),As(OH)NOj (Challenger el 
til 1933), m p and muted m p 124 and 120° respectively 
Sodium cacodylate ((CHj),A800Na) Trimethylarsme was 
agam ohtamed and characterized os before in cultures of the 
foUomng Pentcflhum chrysogenum, P uolatum, Aspergillus 
nifftrand'A niperl7’ The usual concentration tv as 0 2 and 
0 25% in the bread PentcUUum nolaium sp gave only a 
trace of the dimercnnchlonde 
Eihylarsontc aad (C,H 5 AsQ(OH).) at a concentration ujf 
0 1S% m the bread gave tnth Aspergillus niger dimethyl 
ethylarsme, characterized as the mercunchlonde, m p and 
mized m p 238° (Challenger ei aX 1033) 

•Sodium allylarsonaie (CHj CHCH^80(ONa),), concen 
ttation 0 2%, gave tnth PeniciUium chrysogenum dimethyl 
allylarsme, characterized as the mercunchlonde, m p and 
mixed m p 209° Here again no reduction of the double 
hnkage in the allyl group occurs (Challenger & EUis, 1936) 
Ethyl n propylarsonic acid (C,H,(CjHj) AsOOH), concen 
tration 0 17 % m the bread cultures, gave tvith ' Aspergillus 
U'Pfr 17’ methylethyl n propylarsme, characterized as the 
dimercnnchlonde, m p and mixed m p 171—172° decomp 
bettreen 189 and 192° (Challenger & Ratvhngs, 1936) 
n Propylarsonic acid (C 3 H,AB 0 ( 0 H)t), concentration 
0 34% in the bread cultures, gave tvith Peniciliium notaium 
dimethyl ii propylarsme dimercunohlonde, m p and mixed 
m p 106-197°, dccomp 199-200° (Challenger A EUis 1936) 

The non-occurrence of mcthylatwn of arsenious 
oxide With certain moulds 
In prehmmary expenments the foUotnng organisms 
appeared nnablo to convert ASjO, to tnraethvlarsine in 
read cultures P chrysogenum P nolaium, P notaium sp , 
Aspergillus niger, A niger 17’ (AbjO,=0 02%) and A 
pschen (A8j0j=Q 2%) Nevertheless, it tvas decided to 
mat five of these organisms with tnrying concentrations 
° cultures of each mould on 60 g of bread 

tnthout added water were incubated for 9 days, and 
“fioeous solution of ASjOj (16 ml 20 ml m F) 
ed to each group of five flasks (groups A-E) to give con 
rwtmtions m the bread of 0 02, 0 06, 0 10, 0 20, 0 30 and 
Biochcm 1948 43 


0 40% Dnnng the first 3-4 days the Penicillnim nolaium 
flasks D, E and F had a very famt odour, barely detectable 
on the 10th dav On the 14th day an odour was detected m 
flash, C, though with difficulty WithP chrysogenum s. \CTy 
famt odour appeared to be present m E and E The two 
strains of Aspergillus niger gave no odour, nor did PeniciUium 
nolaium sp , until after about 2 months, by which tune shght 
contammation may have occurred 

Appearance of the cultures With the six cultures of P 
nolaium the bread was covered with mycehum about 3 days 
after addition of As_0, After 9 weeks the cultures showed 
almost black patches, especially flasks D, E and P Sub 
cultures from these on to wort agar faded to grow dnnng 
46 davs, although they were remoculated on the 6th day 
All the cultures of P chrysogenum and P notaium sp grew 
well The strains of Aspergillus niger grew weU m groups A 
and B, but m D, E and F very httle growth occurred after 
addition of the As,Oj 

Pcnicilhum notatum and arsenious acid It was decided to 
test for tnmethylarsme evolved by P nolaium by chemical 
means Five 11 flasks, each containmg 160 g of bread, were 
Btenhzed, inoculated with spores of P nolaium and incubated 
for 7 days at room temperature To each were added 46 ml 
of sterile 1% (w/v) AbjOj solution (cone m bread 0 3%), 
and aspiration commenced through two tubes of Bigmelli’s 
solntion No deposit appeared and no odour was doteoted 
diinng 30 days The cultures m two flasks were then qmte 
white, the green sponng area bemg completely covered 
Subcultures were made finm these two flasks, each to two 
wort-agar slopes, to see if this white growth was con 
tammation or stenle mycehum due to the As-O, After 
6 days’ monbation at room temperature all four slopes 
showed only typical green colomes of P nolaium One plate 
culture was also made from each flask with the same result 
P notatum would therefore appear not to produce tnmethyl 
arsme from AsjOj, m agreement with the ongmal obser 
vntion 

Oroioth of P notatum on a liquid medium containing 
arsenious oxide from the outset Seven 260 ml corneal flasks, 
each contaimng 100 mb of 6% (w/v) glucose Czapek Dox 
solution with concentrations of AsjO, of 0 01 0 02, 0 04, 0 08, 
0 10 0 32 and 0 64%, were stenhzed, mocnlated and in 
cubated at room temperature After 10 days aU the flasks 
except the last show^ a white surface growth which was 
compact, raised and abnormal Dnnng another 4 days, 
growth contmued in concentrations 0 01-0 16%, increase 
was slow with 0 32 % 

Arsonic acids containing the phenyl group 
and Scopiilanopais brevicaulis 

The strain used was designated S brevicaulis (Saco ) 
Bauuer m the Baarn List of Fungi (1932), and was dig 
tinguished m the Leeds laboratones as stram A (Challenger 
el al 1933) It was grown on 150 g of bread in 1 1 flasks 
Solutions contammg the nrsomc acids were made up thus 

(а) Phcnylarsomc acid (1 2 g ) carefuUv purified by three 
crystallizations from water, m p 161-162°, was dissolved m 
water (100 ml ) containmg NaHCO, (1 1 g ) and stenhzed 

(б) 2 4 Xvlvlarsonic acid (0 G g ) (Jlichaelis, 1002) was dis 
solved m stenle water (80 ml ) contaimng NaHCO, (0 65 g ) 
(c) Benzj larsonic acid (0 76 g ), three times recrystalhzed 
from water without change in m p 196-198° after air drymg 
(the acid readilj loses water), was suspended in sterile water 
(80 ml) 


0 
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26 ml of solutions (o) and (6) and of suspension (c) ivere 
added to bread oxdtures of the mould (three m each case), 
and volatile products aspirated through acid HgCl. solution 
A precipitate formed after some vreeks m each case, but vas 
shown to be See from the mercunchlonde of a tertiary 
arsme ifAB(CHj). and to consist of the ammoma compound 
of HgCl, which was prepared for comparison 

Behamour of arsentous oxide in bread cultures of 
Scopulanopsis brevicaulis containing ‘ tnethylcho- 
line' chloride and the tnethylbetaine of aminoacctic 
acid 

‘Tnethylchohne’ chlonde (25 ml of a stenlized 8 % (w/r) 
aqueous solution) was added to each of three flasks of stenle 
bread, which were then moculated with the mould and 
mcubated for 4 days at 32“ and 4 days at room temperature 
Each flask then received 26 ml of a stenle aqueous 12% 
(w/v) solution of AsjOj Aspiration through Bigmelli’s 
solution gave durmg 40 days only 0 22 g of tnmeth} larsme 
dimercimchlonde, m p 205-267° decomp A mixed meltmg 
pomt confirmed its identity ‘Tnethylbetame’ (26 ml of 
a sterilized 3 % (w/v) aqueous solution) was added to each 
of four 1 L flasks contammg 160 g of stenle bread, which 
were then moculated and mcubated for 4 davs at 32° and 
2 days at room temperature Addition of 26 ml of stenlized 
aqueous 1 2 % AsjOj solution gave as before dunng 28 days 
0 2 g tnmethylarsme dimerounchlonde, m p 200-207° mth 
smtermg from 203° The mixed melting pomt with an 
authentic specimen of m p 207° was 200° On the 40th da^ 
a further deposit was removed, m p 206 and 200° after 
reoiystallization from very dilute HgCl. solution Similar 
results were obtamed with two cultures contammg 2 % and 
one with 1 % of added ‘tnethylbetame’ connected m senes 

Scopulanopsis brencaulis and aromatic 
compounds of arsenic 

S brevicaulis ojidp/ieni/lorsonic acid The acid (4 g ) and 
NajCO, (2 g ) were dissolved in water (160 ml ) 26 ml of 
the solution were added to each of six 1 1 flasks contammg 
3% (w/v) glucose Czapek Dox medium (260 ml ) on which 
a good mycelium had formed Stenle air was then drawn 
through the flasks m senes with Bigmelh’s solution durmg 
30 days, but no deposit formed, mdicatmg the absence of 
phenyldimethylarsme The whole of the medium was then 
filtered, concentrated to 400 ml and a portion tested for 
phenyldimethylarsme oxide with picno acid, but no pre 
cipitate formed The mam bulk was then extracted ten times 
with ether, which only removed traces of phenylarsomc acid 
A portion of the concentrated medium gave with HCI, SOj 
and Ij (see p 82) a yellow oil, which with ethanolio HgCl. 
yielded phenylmercury chlonde, m p and mixed m p 247° 
m admixture with a specimen obtained m a similar manner 
firom authentic phenylarsomc acid (see p 83) From the 
bulk of the concentrated medium 30 % of the total phenyl 
arsomo acid was recovered as the thonum salt (Rice, Fogg A 
James, 1926) Quantitative recovery was not expected due 
to the material having been used for preliminary tests 
Removal of thonum as oxalate, andof oxahc acid with HjOj 
yielded phenylarsomc acid It sintered at 168°, in agreement 
with an authentic specimen 

S htevicaxiliB and phenylarsenoxide Addition of 0 2 % of 
the oxide to each of four cultures of the mould prepared as 
m Exp 1 gave no odour durmg 0 months, and the insoluble 
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oxide apiiearcd unchanged Neither reduction to phenyl 
arsme nor production of phenyldimethylarsme occurred 
S brevicauhs and phtnylmethylarsonic acid For the pre 
paration of the acid see Burrows A Turner (1020, 1921), 
Gibson A Johnson (1928) Five 1 1 conical flasks, each con 
tammg a good growth of the moidd on 6% (w/v) glucose 
Czapek-Dox solution (200 ml ), were treat^ with 26 ml of 
stenle 2% aqueous sodium phenylmethylarsonate There 
was no odour and no precipitate m aqueous HgCli after 
aspiration for 6 weeks Evaporation of the shghtly acidified 
medium, extraction with ethanol and treatment with HCI, 
SO. and excess Ij gave a yellow oil This with ethanohc 
HgClj yielded a white precipitate, which on recrystalhzation 
firom ethanol smtered at 148°, but did not melt Its be 
havionr ivas identical with that of the mercunchlonde 
of authentic phenylmethyhodoarsme (Found, for the 
specimen from the culture C, 14 6, H, 1 8, halogen, 33 2 
C,Hj(CH 3 )AsI HgClj requires C, 14 9, H, 142, halogen 
36 0% ) The medium therefore appeared to contam un 
changed phenylmethylarsonic acid or phenj Imethylarsen 
oxide 

S brevioaulis and phenyldtmelhylhydroxyarsontum nitrate 
Six 1 1 flasks, each contairung 160-200 g of bread shghtly 
moistened with water, were moculated with an aqueous spore 
suspension of the mould (stram Saccharomyces Bamier, see 
p 80) After 4 days the odourless solution of the h\ droxy 
arsomum mtrate m stenle water was added, the concen 
tration m the bread bemg 0 17 % In a few hours an 
arsemcal odour was apparent, and the flasks were connected 
with stenle bungs and dehvery tubes as in earher expenments 
(Challenger et al 1933) A stream of stenle air was then 
aspirated through the cultures mto saturated aqueous HgCl 
A deposit formed after 2 days, which when recrystaUized 
from hot water had m p and mixed m p 196° with authentic 
phenyldimethylarsme mercunchlonde, m p 196° A second 
crop smtered from 186 to 195° After one reciystalhzation 
the meltmg pomt rose to 190° Later on, due to the pro 
duction of NHj m the cultures, the precipitate moreased 
rapidly It was extracted with ethanol and then with boding 
water leavmg the ammoma compound of HgCl j The phenyl 
dimethylarsme mercunchlonde obtamed (0 02 g ) repre 
sented 23 % of the ongmal hydroxyarsbmum mtrate In 
a control experiment six test tubes, each contammg approxi 
mately 7 g of stenle bread and 0 17 % of the hydroxy- 
arsomum mtrate, gave no odour or any deposit m aqueous 
HgCl, durmg 28 days 

S brevicaulis and pJienylbis(l hydroxyelIiyl)arsine The 
arsme (3 g ) was suspended m stenle water (160 ml ), and 
26 ml added to each of six well grown cultures on glucose 
Czapek Dox solution (200 ml ) Stenle air was drawn over 
the cultures mto saturated HgClj After a few days the only 
odour recogmzable was that of the ongmal arsme A slight 
precipitate m the absorption bottles was shown to be HgCl 
On placmg aqueous 2 4 dimtrophenylhj drazme hydro 
chlonde at the end of the absorption tram a yellow sohd 
formed When recrystaUized from ethanol this melted at 
166° alone and m admixture with authentic acetaldehyde 
2 4 dimtrophenylhydrazone of m p 156° 

Eeactions of some aromatic compounds of arsenic 

Conversion of phenylarsomc acid to phenylmercury 
chlonde The acid was converted to phenylduodoarsme In 
acetone this gave a white addition product with aqueous 
HgCl, Heating this with water gave a red solid and hot 
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acetone produced a red solution, doubtless due to Hgl_ 
Crystallization from ethanol yielded white glistening plates, 
m p 242° On successive recrystnllizations from acetone, 
ethanol and acetone, the m p were 247, 240 and 247°, not 
depresamg the m p (261°) of phenylmerourj ohlondo 
PAeni/Mietfii/larsme mercunchlonde The arsmo (c 1 g) 
(Burrows i. Turner, 1020) was shaken with excess of 
saturated aqueous HgClj until the mixture was odourless 
The white precipitate was recrystallized from ethanol (m p 
127,129,129°) (Found Cl, 16 2, Hg, 42 2 CioHuCUAsHg 
requires Cl, 14 74, Hg, 41 05% ) 

PhenyJbis{l hi/droxyelhy!)aret>!e and mercuncMonde A 
concentrated ethanohe solution of the arsme (Palmer A 
Adams, 1922) was shaken with excess of saturated aqueous 
HgClj for several hours The white precipitate quioklj 
became yellow It still smelled shghtly of the arsine and was 
washed with water and a httle ethanol It blackened and 
decomposed from 90° Warming with ethanol gave Hg,Clj 
and mercury but no HgjO The ethanohe filtrate (B) gave 
white crystals, m p 254°, an identical product also slowlv 
separated from the aqueous filtrate (A) from the crude 
mqrcunchlonde It contamed halogen and merouiy but no 
arsemo, and was shown by mixed m.p (255°) to be phenyl 
mercury ohlonde (m p 262°) Concentration of the filtrate 
(B) gave a white oryataUme material, m.p 187-194°, which 
was twice reorystalhzed from benzene-ether, m p 212 and 
213° It contamed arsenic but no halogen or mercuiy, and 
was unaffected by NaOH, HH, or HCl It was readily 
attacked by HNO,, KilnO,, HjOj and Ij and was insoluble 
m water (Found C, 48 3, H, 3 5, moLwt (camphor), 491 
Calc forCuHijAsj C,47 4,H, 3 3%,mol wt 304) Arseno 
benzene, m p 212°, gives high values in ebulhoscopic 
molecular weight determinations m benzene (Miehaehs A 
Schafer, 1913) Its identity was confirmed (1) liy oxidation 
with BDIOj when the product (phenylarsomo acid) gave a 
white gelatmous thorium salt (see p 82), and (2) b> 
treatment with Cl, giving a yellow oil (C.HsAsCI,) which 
soon crystallized (C.HiAsCl,) A portion of the filtrate (B) 
with 2 4 dmitrophenylhydrazme hydrochloride gave a 


copious yellow precipitate, m p and mixed m p 169°, 
with authentic acetaldehyde 2 4 dmitrophenylhydrazone, 
m p 160° This was alw obtained from the aqueous 
filtrate (A) Complete evaporation of (B) left only a few 
drops of a yoUou lachrymatory oil containing chlonne 
It was probably phenyldicbloroarsme 

SmCMARY 

1 Scopulariopsia brcvicauhs converts orsemous 
acid and mefchylarsomc acid to trimethylarsine , 
other nlkjlarsomc acids yield alkyldimethylarsines 
Pemctlhurmiotatum, P notatumBp,P chrysogenum 
and two strains of Aspergillus mger are inert to 
arsenious acid, but can methylate alkylarsomc acids 
A glaucus gi\ es trimethylarsme with arsemous and 
methj larsonic acids All cultures were on bread 

2 Phenylarsomo and phenylmethj larsomc acids 
m glucose Czapek Dox medium, and^ni xylylarsomc 
and benzylarsomc ooida m bread cultures giv'^e no 
volatile arsemc compoimds with Scopulanopsis 
brevicauhs Phenyldunethj Ihj droxj'’arsomum m- 
trate, howev er, is readily reduced m bread cultures 
to phenyldimethylarsme which readily vmlatihzes 

3 In cultures of S brcvicauhs on glucose Czapek- 
Dox medium phenylbiB(l hydroxyethjl) arsme does 
not give phenyldiethylarsme, but is hydrolyzed to 
acetaldehyde The behavnour of the hydroxy arsme 
to mercuric chloride has been studied 

4 In bread cultures of S brcvicauhs containing 
arsemous acid and ‘ tnetbylchohne ’ chlonde or ‘tn 
ethylbetame ’ only trimethylarsme is evolved , trans 
ethylation apparently does not occur 

The authors thank the Royal Society and the Department 
of Scientific and Industrial Research for grants m aid of this 
mvestigation 
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Tlie natural phosphoproteins such as casein and 
ovovitellin offer much of mterest, chemically and 
immunologically, and many mvestigators have 
studied both these and artificially phosphorylated 
proteins, to determine how the phosphate groups are 
hnked to the protem molecule , comparisons of the 
chemical properties of both types of protem have 
also been made by several workers Phosphoryl 
chloride was used as phosphorylatmg agent by 
Bechhold (1901), Neuberg & Poliak (1910) and 
Neuberg & Oertel (1914) These methods were 
modified by Runmgton ( 1927), who treated the ice- 
cold protem solution with phosphorjd chloride m 
carbon tetrachloride, adding alkali at mtervals to 
keep the solution famtly alkahne Runmgton 
described the preparation and properties of phos 
phorylated proteins prepared from casern, denatured 
serum globuhn and dephosphonzed casein 

A comprehensive chemical and immunological m 
vestigation of phosphorylated egg albumm was made 
by Heidelberger, Davis & Treffers (1941) They 
foimd that phosphorylation, which was eiccompamed 
by some denaturation, effected a profound change m 
the serological reactions of the egg albumm Im- 
munological mvestigations have also been made on 
phosphorylated casern (Ecker & Simon, 1928) and 
casern, dephosphonzed casern and rephosphorized 
casern (Kesztyus & Kocsis, 1942) 

Our own mvestigations with phosphorylated pro 
terns were started with two mam objects It was 
hoped that the mtroduction into the protem mole 
cule of phosphate groups contaming radioantive P 
would yield labelled antigens wlucli could be used 
for serological mvestigations, e g for studies on the 
fate of mjected protem antigens and for quantitative 
studies on the precipitm reaction It was also m- 
tended to study the nature of the hnkage between 
the phosphate group and the protem m phospho 
protems and phosphorylated protems, by immuno- 
chenucal and isotopic tracer methods Some of the 
results of these mvestigations are given m the present 
paper 

EXPERIMENTAL 

PJioaphorytalion and dialysis The method used was 
essentially that descnbed by Runmgton (1027) Freshly 
distilled FOCI,, dissolved m about 8 vol of carbon tetra 


chloride, was added slowly to the protein solution cooled m 
ice water, varying amounts of PO(71, were used, usually 
rangmg from 0 1 to 0 5 g /g of protem The mixture was 
stirred continuously and mamtamed at an alkahne pH (pmk 
to phenolphthalein added as an mtemal mdioator) by the 
addition of ^ or 4lf NaOH at mtervals durmg the adition 
of the POCHj and for some time afterwards When no more 
NaOH uas required, the aqueous layer was dialyzed at 
about 6° in ceUophan sacs agamst 0 9 % (w/v) NaCl (to which 
a httle toluene had been added) until free from morgamo 
phosphate In some of’ the earher erpenments distilled 
water was used as the dial5izmg fluid To determme the 
extent of the phosphorylation, total P and total N deter 
minations were made on the ongmal solution and on samples 
of the phosphorjdated protems precipitated from the 
solution in vanous ways The results are usually expressed 
as a ratio (wt ofP/wt ofN) 

Precipitation of the phosphorylated proteins In most of 
the experiments the phosphoiylated protem was precipitated 
from solution by adjustmg the pH to 4-4 6 with 0 In HCl, 
using external mdicators, the best results were obtamed by 
nsmg 2 % (v/v) acetic acid for final adjustment of the pH to 
give maximal precipitation Precipitation was least satis 
factory and sometimes impossible with phosphorylated pro 
terns of low P/N ratios In several experiments the proteins 
were precipitated by the addition of 4 voL of a 10% (w/v) 
solution of tnchloroacetic acid (subsequently referred to as 
TCA) When these precipitates were washed with ethanol or 
acetone to remove TCA, some protem dissolved, but this 
was precipitated agam by the addition of N NaOH and a few 
drops of cone MgClj solution The unwashed jfreoipitates 
obtamed with TCA, when dried over CaCIj, had a homy 
texture In other experiments the phosphorylated protem 
was precipitated with 6 vol of ethanol, smee the precipitates 
obtamed with TCA gave lower P/N ratios than did those 
obtamed with HCl, it was thought possible that some of the 
less firmly attached phosphate groups had been removed 
fiom the protem by treatment with TCA The P/N ratios of 
ethanol precipitated phosphorylated protems were almost 
always the same as those for the HCl precipitated product 
from the same solution, where this solution was free from 
morgamc phosphate Where, however, the solution con 
tamed morgamo phosphate, the ethanol precipitated pro 
terns gave a relatively high P/N ratio, and tests made with 
’•P contammg morgamo phosphate showed that this was 
due to the precipitation of appreciable amounts of morgamo 
phosphate by the ethanol The results obtamed with 
ethanol precipitated products have therefore been discarded, 
except where they refer to precipitates obtamed from solu 
tions free fiom morgamc phosphate ^ 

P determinations These were made by King’s (193-) 
modification of the Fiske & Subbarow (1925) method 
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Fnparafion of phosphor ylaied proteins 
for %mmumzalton 

'JJig/i P’ proteins Sterile human serum (110 ml) uua 
phosphorj lated in two equal batches, using a POClj/protem 
ratio of 0 S/1 After dialysis, the phosphorjlated proteins 
were precipitated by acid (N HCl end 2% acetic acid) and 
redissolved in. sterile 0 0 % NaCI with the addition of a httle 

NaOH Phenol (final concentration 0 25%) was also 
added This solution had a protem content of 6 1 % (w/v) 
and a P/N ratio of 0 14 

'JjOtoP’pro/eitis Sterile human serum (105 ml ) wasphos 
phorylatcd, dialyzed, precipitated and redissolved ns nbove 
The final solution contained 7 26% protein (P/N ratio 0 14) 
and 0 25% phenol A mixture of this solution and 0 26 vol 
of 0 76 It NaHCO, H,CO, buffer (pH 7 5) was placed m a 
stoppered bottle, the au: m the bottle displaced by COj and 
the bottle sealed and kept at 39° for 139 hr The solution 
was then dialyzed against cold 0 9% NaCl to remove any 
five phosphate which had been spht off at 39°, and 0 26% 
of phenol added This solution contamed 6 2% protem 
with a P/N ratio of 0 02 

Preparation o/ antigenefor precipitin tests Rabbit plasma 
and chicken serum were phosphoiylated using a POClj/pro 
tern ratio of 0 5/1 The phosphorylated rabbit plasma had a 
P/N ratio of 0 17 , some of this solution, was kept at 37° with 
an equal volume of 0-76 m NaHCOj HjCO, buffer (pH 7 6) 
for 4 days, followed by dialvsis ( low P’ rabbit proteins) In 
an attempt to obtain a phosphorylated antigen having a 
higher P/N ratio, rabbit serum was phosphoiylated usmg a 
POCflj/protem ratio of 2 6/1, but the product had the same 
P/N value (0 17) ns the phosphorylated rabbit plasma pre 
paration described above Gelatm solutions (0 25 and 0 6 %) 
were treated with different amount* of POCl, (POCl,/pro 
tern ratios of 0 6 and 2 6/1 respectively) The amount of 
protein present after dialysis was, however, very small, and 
in both oases there was insufficient matenal for accurate P 
determinations 

Immuntzalfon The ‘high P' and ‘low P' phosphorylated 
human serum protems were each mjected mto a group of 
five rabbits Two rabbits of each group received an initial 
mtra venous injection of 4 6 or 6 mb of the solution, followed 
by five or six mtrapentonenl mjections of 6 ml (rising 
gradually to 10 ml ) at mtervals of 7-10 days Sera fiom 
these rabbits vere tested after tlie third and subsequent 
mjeotions The remauung three rabbits of each group 
received three courses of mtmpentoneal injections each 
course consisted of four or five mjeotions (each of 1 8 or 
2 0 ml of 6 % protem solution) at intervals of 2-4 days, uith 
an interval of 8-12 days between the conises Sera for 
precipitm teste were collected after the second and third 
courses 

Precipitin tests The tests were made as described pre 
viously (Hopkms A Wormall, 1933) The concentration of 
antigen m the Tables refers to dilution (with 0 9 % NnCl) of 
a solution of the antigen containing approx. 6 % protem 

RESULTS 

Phoaphorijlahon of ‘dephosphorized casein 
acnim gfobiifm and scrum albumin 
‘Dephosphorized casein' was prepared from ‘soluble casein 
(British Drug Houses Ltd ) by the action of 0 25^ NaOH 
(Phmmcr A Bay has, 1000, Rimmgton A Kay, 1020), the 


product bemg punfiod by two precipitations The globulin 
and albumin were prepared from human serum by half and 
full saturation with (NHiljSOi, they were purified by re 
peated precipitation, and were finally dialyzed agamst 0 9 % 
NaCl until free from (NHj)jS 04 Sufficient 0 0 % NaCl was 
added to each solution to give n protein concentration of 
4 8%(w/s) 

Each solution (20 8 ml of dophosphoiylated casein, glo 
bulln or albumm) was phosphorylated with 0 5g ofPOCljli e 
a POCIj/protom ratio of 0 6/J), ns described above During 
the coarse of phosphorylation the globnhn and dephos 
phonzed casern solutions became gelntmoiis, and adequate 
stirrmg was difficult, 0 S% NaCl, equal to about 0 25 of the 
total V olumo of the solution, was therefore added before the 
phosphorylation had been completed The albumm solution 
wasBinularly diluted before phosphorylation After dialysis 
the phosphorylated protems were repeatedly precipitated 
with HCl, tho precipitates bemg washed with distilled water 
to which a few drops of acetic acid had been added P/N 
ratios, determined on the precipitates obtamed m tho 4th, 
6tb and 6tb prccipitationa are given m Table 1 

The results showed that, under these conditions, 
phosphorylation of serum albumm, serum globulm 
and dephosphorized casern with POCI 3 readily effects 
the mtroduction of one P atom for every 33-38 N 
atoms m the protem molecule, tlus represents a P 
content of 1 0-1 07 % for the phosphorylated pro- 
tema, calculated on the basis of 16% N m the 
protein. It is mterestmg to not© that appro-omately 
the same amount of P was mtroduced mto three 
different types of protem The results also show that 
after tliree precipitations of these phosphorylated 
protems witli HCl, further acid precipitation yielded 
products of approximately constant P content 

Table 1 P contents of 'rcphosphorized' casein and 
phosphorylated human serum albumin and globulin 


P/N (weight ratios) 


Precipitation 

Phos 

phoiylated 

albumm 

Phos 

phoiylated 

globnhn 

4 

Rephoa 

phonzed 

casein 

4th 

0 062 

0 067 

0 063 

6th 

0 060 

0 070 

0 062 

6th 

0-057 

0 065 

0 060 


Conditions of preparation of phosphorylated 
1 human serum proteins 

Sffect of varying the POGlj/jirofein ratios and other expert 
menial conditions Smoe it was out mteation to introduce 
”P mto proteina for immunological investigations several 
expenments have been earned out to determine the amount 
of P which enters the protem when it is treated with 
amounts of POCl, considerably less than those used by 
Rinimgton (1927) and other mvestigators In a typical 
oipenment, three samples, each of 14 3 ml of pooled human 
serum and contauung 1 g of protem, were treated with 0 6, 
0 3 and 0 1 g of POCl, respectively The P/N ratios of the 
dialyzed solutions and of the acid precipitated products 
from the 1st, 3nd and 3rd precipitations showed that with 
the smaller amounts of POCl, less P vnis introduced mto the 
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Table 2 Comparison oj P/N ratios of human serum proteins phosphorylated under larytng conditions 


P/N ratio 

A 


N 

Protein 

Ratio 

f 


HCl precipitate 

' 


content 

POCI3/ 

Dialyzed 

^ 

A 


Jlatenal 

(%) 

protem 

solntion 

1st 

2nd 

3rd 

Human semm 

7 25 

05 

0104 

0 111 

0100 

0101 



03 

0 078 

0 083 

0 074 

0 071 



01 

0 030 

0 033 

0 031 

0 033 

Freeze dried 

70 

03 

0 075 






human serum 

12 5 

03 

0 095 








protein (Table 2) With POClj/protein ratios of 0 5/1, 0 3/1 
and 0 1/1, the resulting phosphoiylated proteins contained 
1 62, 1 14 and 0 53 % of P respectively, calculated on a 16 % 
N contentfortheprotem This irould correspondrespectively 
to the introduction of about 52, 37 and 17 P atoms into each 
protem molecule, assunnng a mean moL ivt of 1(P for the 
serum ^irotems 

Phosphorylation of a concentrated solution of human serum 
proteins It ivas thought possible that less POCI3 would be 
lost by hydrolysis if the solution to be phosphorylated had 
a higher proteuncontent This pomt was tested using a con 
centrUted solution of serum protems and a relatively low 
POClj/protem ratio Samples of freeze dried human serum 
(kmdly presented by Dr R R Race) were dissolved in water 
to give 12 5 and 7 % protein solutions These solutions were 
phosphorylated with sufficient POCI3 to give a POQj/protem 
ratio of 0 3/1 and then dialyzed The results recorded m the 
lower part of Table 2 showed that a savmg of POCl, could 
be effected by .the use of the more concentrated protem 
solution, but this method was not used m later experiments 
smee it gave a greater amount of insoluble matenal than did 
phosphorylation of normal serum 

Stability of the phosphoryl group attached 
to proteins 

Preliminary investigations had suggested that loss 
of phosphoryl groups occurred when the phosphory- 
lated proteins were kept at 37°, even at or near 
neutrahty, and the following exx>emnents were 
therefore earned ont to determine to what extent 


this loss might occur under physiological conditions, 
e g after mjection into the animal body 

Loss of P from phosphorylated human serum pro 
teins, 'rephosphonzed' casein and casein at 37° 
Solutions of phosphorylated human serum proteins, 
casern, and m one case rephosphonzed casern (all 
phosphory lated with a POClj/protem ratio of 0 6/1 
and precipitated by' HCl), were treated with equal 
volumes of either 0 7Bm NaHCOj-BljCOs buffer 
(pH 7 5) or veronal buffer (pH 6 8) and the mixtures 
sealed m bottles with a httle toluene, and kept at 
37° Samples were taken at mten'als and the pro 
terns precipitated by TCA The results (Table 3) 
showed that the phosphorylated hmnan serum pro 
terns had lost appreciable amounts of combmed P 
when the solutions (at pH 6 8 or 7 5) were kept at 
37° , at least one fifth of the combmed P m 24 hr and 
well over half m 6 days Somewhat similar results 
were obtamed in an experiment with rephosphonzed 
casern (at pH 6 8) The P of casein is, however, much 
less labile under these conditions, and the loss m 
6 days was usually less than 10 % In another ex- 
periment the mcubation at pH 7 6 was contmued 
for 20 days, with results similar to those recorded m 
Table 3 , analysis of the TCA precipitated protems 
showed that the phosphorylated serum protems had 
lost about half their combmed P dunng the m 
cubation, whereas casern had lost httle or none 


Table 3 P content of phosphorylated proteins hept at 37° and pH 6 8 or 7 6 


Duration of 
mcubation 

Exp pH (hr ) 

1 75 0 

24 

72 

147 

68 0 
24 
72 
147 


P/N ratio of TCA precipitated protems 


Phosphoiylated 
human serum 

Rephosphonzed 

Casein* 

proteins 

casern 

0 051 

— . 

0 052 

0 041 

— 

0 048 

0 027 

— 

0 047 

0-024 ' 

— 

— 

0 067 

0 0^ 

0 048 

0 049 

0 039 

0 047 

0 027 

0 025 

0 046 

0 022 

0 021 




2 75 


0 

142 

306 


• The casern separated out from both buffer mixtures 
pension after shalong 


0 041 

0 018 

0 020 
/ 

during the mcubation. 


_ 0 042 

_ 0 039 

_ 0 036 

but samples were taken from the sus 
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Loss atZToJ Ffromphosphorylated serum proteiiis 
prepared withdiffcrcnt^OCl^lproteinratios Different 
preparations of phospliorylated serum proteins 
showed differences in the rate of loss of combmedP* 
when the solutions were kept at 37° and it was 
thought that there might be quahtative differences 
m this respect between the phosphate groups most 
readily attached to the protem (i e by the use of 
lesser quantities of POClj) and those attached by 
more drastic phosphorjdation 

Human eerum (20 ml ) was phosphorylated with 0 14 g 
POCl, (lb a POClj/protem ratio of 0 1/1) The product was 
dialyzed agamst distdled water for 6 hr , and then against 
0 9 % NaCl until ffee from morgamo phosphate The solution 
was brought to pH 7 6 with 0 2 n NaOH and added to an 
equal volume of 0 76m NaHCO, HjCO, buffer Toluene was 
added and the mixture was kept m a sealed tube at 37°, 
samples bemg withdrawn after 141 and 260 hr for pro 
cipitation of the proteins with TCA 

The results (Table 4) showed that even with the 
‘hglitly phospho'rylated ’ proteins there was fairly 
rapid loss of P when the solution was kept at 37° 

Table 4 Loss atyi° and pH 7 6 o/ P from phosphory- 
lated human serum proteins prepared with a POCI3/ 
protein ratio of 0 1/1 


Duration of 
monbation 

Type of 


(hr) 

precipitation* 

P/N ratio 

0 

(Dialyzed hquid) 

0 042 


HCl-t- acetone 

0 040 


TCA 

0 021 

141 

TCA 

0 005 

260 

TCA 

0 004 


* The precipitates obtamcd with TCA were washed with 
ethanol and acetone 

A further experiment was made to cover a greater 
range of POClj/protem ratios, VIZ 0 026-0 06/1 All 
these resultmg phosphorylated human serum pro 
toms, with P/N ratios rangmg from 0-017 to 0 096, 
lost 80 % of their combmed P when the solutions 
wore kept at 37° for 142 lir (Table 6) The possibility 

Table 6 Loss of F at 31° and pH 7 6 from phosphory 
latcd human scrum proteins prepared with different 
'POClJprotcin ratios 

P/N ratio 


POClj/protoin 

f 

After 142 hr at 37' 

ratio used in 

Dialyzed* 

and subsequent 

the preparation 

solution 

dialysis* 

0 026 

0 017 

0 005 

0 05 

0 024 

0 005 

0 10 

0 038 

0 008 

0 20 

0 055 

0-010 

0 30 

0 070 

0 015 

060 

0 096 

0 023 


• Dialysis at 4-6° 


that some of the phosphorylated protem was spht 
up mto smaller molecules of P contammg orgamo 
substances durmg the incubation, and that these 
smaller molecules subsequently passed tlirough the 
dialyzmg sac, was not explored 

Immunization with phosphorylated 

serum proteins 

Two different antigens were used for immum- 
zation m the hope that antisera of differing sero 
logical specificity might bo obtained The ‘high P’ 
phosphorylated serum protem was prepared by the 
action of the usual great excess of POCI3 on human 
serum pro terns, and the ‘low P’ protem was 
obtamed by meubatmg a solution of the ‘high P’ 
proteins at 30° and pH 7 6, with subsequent dialysis 
to remove free phosphate, moubation for 0 day^ 
removed about 6/7 of the combmed P of the ‘high P ’ 
phosphorylated proteins 

Precipitm tests earned out with the sera of the 
mjected rabbits over a long penod Of immunization 
showed that all the rabbits had produced antibodies 
capable of reactmg strongly with the antigens used 
for the mjections (phosphorylated human serum 
pro terns), with no marked difference between the 
results with the ‘high P ’ and those with the ‘low P ’ 
protems The antisera also gave strong or very 
strong precipitm reactions with untreat^ human 
serum, sliowmg that phosphorylation had not 
destroyed the species specificity of the serum pro- 
teins In a few cases only, the antisera reacted 
shghtly with phosphorylated rabbit serum protems, 
but no precipitate was obtamed with phosphory- 
lated chicken serum protems or with phosphorylated 
gelatm The results of some typical precipitm tests 
are given m Table 6 

DISCUSSION 

The phosphorylated proteins obtamed by the action 
of POCI3 on serum protems are readily precipitated 
by dilute acid (at pH 4r-6 for the strongly phos 
phorylated protems) In many other respects also, 
phosphorjdation effects a distmct change m pro 
perties With a moderate excess of phosphoryl 
chloride, the amount of P introduced mto the pro 
terns under the conditions of our experiments may 
correspond to as much as 60 phosphoryl groups/mol 
of protem, assuming a mean mol wt of 10'^ for these 
protems Heidelberger et al (1941), m similar m- 
vestigations, found that crystaUme egg albumm 
could take up 20-30 phosphoryl groups/mol on the 
basis of a mol wt of 36,000 for egg albumm, and 
they noted that ‘the mtroduction of these polar 
groups IS accompamed by a remarkable senes of 
changes m the chemical, physical and immunological 
properties of the protem ’ 
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Table 6 Prcoipitin 1 caclions with antisera to phosphoryluted human serum proteins 

, Antisera to phosphorylatcd human serum proteins 


, , 

‘LowP’ ‘HighP’ 

A. « 




Dilution 

Rabbit 

Rabbit 

Rabbit 

Rabbit 

Antigen 


of antigen 

no 461 

no 403 

no 480 

no 482 

Human aerum 


1 

20 

+ 

+ ± 





1 

100 

+ +± 

+ + i 

+ 

+ +± 



1 

600 

+ + 

+ ± 

± 

+ 



1 

2600 

± 

tr 

tr 

+ 

Phosphorylated 

‘Low P’ 

1 

20 

+ ± 


tr 


human serum 


1 

100 

+ + ± 

+ +± 

+ 


protems 


1 

600 

+ ± 

+± 

tr 




1 

2600 

± 

tr 

tr 



‘High P’ 

1 

20 

+ 


tr 

+ ± 



1 

100 

+ + rt 


+ 

+ +± 



1 

600 

+± 


dt 

+ +± 



1 

2600 

± 


tr 

+ 

Phosphorylated 

(n)* 

1 

20 


_ 



rabbit serum 


1 

100 





protems 


1 

600 







1 

2600 

- 

- 




(6)* 

1 

20 



_ 




1 

100 

- 

- 

— 

f tr 



1 

600 

- 



tr 



1 

2600 

- 

- 

- 

± 


• The phosphorylatcd lubhit serum preparations (o) and (5) were obtamed by the uso of a POClj/protem ratio of 0 6/1 
and 2 6/1 respectively, both products were dialyzed free from morgaruc phosphate 

Precipitm readmgs - (no precipitate), f tr (famt trace), tr (trace), ±, +, +±, + +,eto m mcreasmg degrees of 
precipitation 


In most of the e'^penments described in tins paper 
we have used phosphorylated mixed serum proteins, 
the chief object bemg to prepare antigemc protems 
containmg ®*P, and a mixture of the phosphorylated 
serum globulins and albumins seemed most siutable 
for many of the serological tests For some of the 
experiments reported here, however, and for others 
to be described later, purified and less complex 
mixtures of phosphorylated protems have been used 
Another difference between our experiments and 
those of Heidelberger etal ( 1941 ) is that m nearly all 
cases we have used considerably less phosphoryl 
chloride than was used by them, or by Rnmngton 
(1927) Our object was to ensure minimum loss of 
valuable m parallel experiments with ‘radio’ 
POClj Even with this smaller amount ofphosphoryl 
chloride (0 6 g /g of protem as compared with the 
2-3 g /g ofprotem used by Heidelberger eiaZ and by 
Rimmgton in most of their experiments) the protems 
were phosphorylated to a comparable degree for 
example, 1-1 6 % of P, as compared with 1 62 % for 
heavily phosphorylated egg albumm (Heidelberger 
et al 1941), and 0 71% for phosphorylated de- 
naturedsenimglobulm (Rirmngton, 1927) Further- 
more, m one of our experiments it was found that 
a fivefold mcrease m the amount of phosphoryl 
chloride used did not lead to any significant mcrease 
in the amount of P attached to rabhit serum proteins 


The amount of P mtroduced mto the serum pro 
terns varied somewhat from one preparation to 
another, and the reason for this variation is not 
known Freshly distilled POCl, was used m 
practically all our experiments, and the techmque 
of phosphorylation was kept as constant as possible 
Different samples of human serum may differ in 
then capacity to react with POCls , but it is diffi cult 
to understand why, for example, a P/N ratio of 
0 06-0 07 was obtamed for the phosphorylated 
human serum albumm and globulin m one expen 
ment (Table 1), whereas most subsequent experi 
ments with serum proteins, and mvolvmg the use 
of the same relative amount of phosphoryl chlonde, 
gave products with a P/N ratio of approximately 
0 10 Similar variations were also noted by Heidel 
bergereZoZ (1941) one of then phosphorylated egg 
albumm preparations contamed 2 71 % of P and 
had a P/N ratio of 0 18, as agamst P/N ratios of 
0 104^0 115 for other preparations obtamed by the 
same method of phosphorylation It seems probable, 
as they suggest, that part of the P of phosphorylated 
proteins with a high P/N ratio is m a very labile form, 
and that variable amounts are spht off when the 
experimental techmque for isolatmg the phos 
phorylated protein is varied even shghtly We, like 
they, have found that this labihty is very marked 
at 37° 
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Of the vanous protein preoipitants which we have 
used for the separation of the phosphorylated pro 
terns, ddute acid (HCl, followed by final adjustment 
of the pH with ^cetic acid) has proi ed most satis 
factory Tnohloroacetio acid was less satisfactory, 
and it is possible that the lugh acidity caused by this 
reagent (about pH 0 6m tlie experiments referred to 
m Table 3) may have resulted m appreciable removal 
of P firom the phosphorylated proteins MTiere 
a 'solution of phosphorylated protem "was required 
for immunological purposes, purification was effected 
by dialysis, folio-wed by repeated acid precipitation 
where the preparation was required for mjection 
The results of the immunological experunenta 
showed that the antibodies produced by the m 
jection of phosphorylated human serum protems 
were not specific for the phosphoryl groups of the 
protem, for the antisera obtamed gave httle or no 
reaction with phosphorylated rabbit or olucken 
serum protems This result was rather surpnsmg, 
for the mtroduction of an appreciable number of 
polar groups mto the molecule of on ontigemo pro 
tern usually leads to the acquisition of a new sero 
logical specificity characteristic for the mtroduced 
groupings It IS probable, howev ere, that the phos 
phorylated human serum protems rapidly lost most 
of their oombmed P after mjection mto rabbits, 
there was certainly no lack of antigemc power m the 
mjeoted matenal, smee powerful antibodies against 
the mjeoted antigen (phosphorylated human serum 
proteins) were formed This mew is supported by the 
in vitro lability of the combmed phosphate groups at 
37° and pH 7 6 (Tables 3-6) , mcubation for several 
days resulted m a very marked decrease, sometimes 
as much as 80 % , m the combmed P of the protems 
precipitable by tncliloroacetic acid or those freed 
from dialyzable P contammg compounds 

If the injected phosphorylated proteins rapidly lost their 
combined P, as the expemnents described in this paper and 
in the related investigations inth ”P containing phoaphory 
latcd proteins (Banks, Boursnell, Dewey, Francis, Tupper & 
Wonnall, 1048) suggest, the fadure of the mjeoted rabbits to 
produce antibodies to phosphorylated heterologous protein, 
and the produotion of antabodios capable of rcactmg with 
untreated human serum protems, can reoddy be oiplamed. 
It seems probable that our phosphorylated human serum 
protem preparations differed considerably, m their in vivo 
stahihty, from the phosphorylated egg albumm of Heidel 
borger el al (1941), for the antisera produced by the mjection 
of the latter antigen reacted only slightly with unchanged 
egg albumm Heidelberger cl al obtamed specific antibo^es 
against phosphorylated egg albumm, but they observed that 
the now specificity conferred on egg albumm by the intro 
duction of phosphoryl groups is not entirely a hapteno 
specificity m the sense defined by Landstemer (1930) 

The possibihty of an enzyimo removal of P finm phos 
phorylated protems, either bv an enzyme present m our 
preparations of phosphorylated human sorum protems or m 
rabbit blood, cannot be excluded, hut this possibihty has 


not as yet been mvestigated We mtend, however, to study 
the in eiio stabditv of phosphorylated human semm pro 
toms, phosphorylated egg albumm and other phoaphory 
lated proteins It seems probable from the evidence already 
available that phosphorylated human serum protems may 
not be the most smtablo protems for out mvestigationa with 
^’P contammg protem antigens For some of these purposes 
vitellm is more satisfactory (Francis & Wormall, 1948), but 
unfortunately it is almost insoluble in water when freed from 
firmly combmed phosphatide 

The action of phosphoryl cUonde on protems may 
concern several groups of the protem, e g the 
hydroxy groups of serme and threonme, and possibly 
the phenol group of tyrosme, the free ammo group of 
Ij'sme, and the guamdme group of argmme Some 
of the attached pliosphorjd groupmgs will, of course, 
be less firmly attached thau others, and the existence 
of different P protem linkages might reoddy explam 
the considerable variations m the rate with which P 
IS removed from phosphorylated proteins It is 
difficult to Understand, however, why this process is 
so rapid, particularly at 37°, m solutions kept^t 
pH 7 6, for some phosphorylated ammo acids are 
quite stable Plimmer (1941), for example, found 
that the phosphoric esters of tyrosme, hydroxy- 
prolme, tlireonme, serme and wesermo were all 
stable to 0 6 k or even n NaOH at 37° It is our 
mtention to study this problem further, with the aid 
of serological methods 

SUMMABY 

1 Human serum protems have been phosphory- 
lated by phosphoryl chloride, and some of the 
chemical and immunological properties of the pro 
ducts have been studied 

2 These phosphorylated protems lost appreciable 
amounts of their combmed P when they were kept 
m solution at 37° and pH'7 6 or 6 8 

3 Immunization of rabbits with phosphorylated 
human serum protems produced antibodies which 
reacted strongly with the mjected protems and also 
with untreated human serum proteins 

4 These antisera gave httle or no precipitation 
■with phosphorylated rabbit serum protems or phos 
phorylated chicken serum proteins No evidence, 
therefore, was obtamed of the formation of anti 
bodies specific for the phosphoryl group of phos- 
phorylated protems It is probable, however, that 
the phosphorylated serum protems rapidly lost a 
considerable fraction of their combmed P after m 
jection mto the rabbits 

The authors are indebted to the Medical Research Council 
for a personal grant to one of them (H MJ) ), and for an 
expenses grant They are also grateful to Dr G E Francis 
for his collaboration in some of the earber experiments, and 
to Dr T E Banks for his help with the Geiger Muller cotmter 
sys terns 
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Clutterbuck, Mukliopadhyay, Oxford & Raistrick 
(1940), m a commumcation from tins laboratory, 
described the results of a quantitative survey of the 
clilorme metabohsm of 139 species or strains of 
moulds grown on Czapek-Dox 6 % glucose solution 
contaimng 0 6 g KCl/1 as the sole source of chlorme 

The results are now given of a parallel quan 
titative survey of the sulphur metabohsm of 116 
species or strains of moulds grown on the same 
medium contammg 0 6 g MgSO^ 7H3O and 0 01 g 
FeSO^ 7H2O/] as the sole source of sulphur 

EXPERIMENTAL 
CuUural conditions 

The medium used throughout this mvestigation was the well 
known Czapek Dos solution of the foUowmg composition 
glucose, 60 g , NaNOj, 2 0 g , KH,POi, 1 0 g , KCl, 0 6 g , 
MgS04 7H,0, 0 6 g , FeSO^ 7HjO, 0 01 g , distilled woter, 
1 L AH the constituents of the medium were of analytical 
reagent punty Hence the sole source of sulphur was present 
as the sulphates of magnesium and iron, and amounted to 
22 9 mg /flask (6 6 mg /lOO ml ) at the tune of sowmg This 
medium (360 ml ) was accurately measured mto each of a 
number of 1 1 comcal flasks plugged with cotton wool, and 
sterilized by steammg for "0 6 hr on each of 3 consecutive 
days The flasks were then moculated with a pure culture of 
the chosen species of mould, and moubated at 24° for the 
reqmsite penod of days 

The sulphate content of dupheate unmooulated flasks 
from each batch was determmed by the method described 
later The moculated flasks were treated as foUows The 
mycehum fivm each species was separated quantitatively by 
filtration through a Buchner funnel, and was thoroughly 
washed with warm water It was then dried to constant 


weight in vacuo, weighed, ground and stored m a closely 
stoppered bottle prior to esammation The oulture filtrate 
and washmgs were made up to a total volume of 600 ml , and 
analyzed by the methods desenbed m the nest section 

Analytical methods 

I Sulphur as inorganic sulphate in culture filtrate 
The concentration of morgamo sulphate present in the 
unmooulated medium is quite low (eqmv to 22 9 mg S/ 
360 ml , or 4 68 mg /lOO ml after dilution to 600 ml ) The 
medium also contains relatively considerable amounts of 
mtrate, phosphate and ohlonde Further, the oulture filtrate 
resultmg from the growth of different moulds may contam 
metaboho products of complex and unknown nature and 
may vary from almost colourless to deeply coloured After 
a considerable amount of exploratory work, details of winch 
will be published elsewhere, on a number of pubhsbe^^ 
methods the one finally chosen as bemg the most generally 
useful for our purpose was that based on 011gaard’8 (1934) 
method This method mvolves the precipitation of morgamo 
sulphate with henzidme m acetone and titration of the 
precipitate, after liberation of the sulphate with a httle 
NaOH, with a standard Bad, solution using sodium rhodi 
zonate as mdicator Usmg this method we found that, m 
solutions contammg 0 3 mg of sulphate S/10 ml portion, 
a precision of ± 1 % m dupheates can m general be assured, 
and of ±6% with certamty 

Beagents 

Tnchloroacelic acid 20% (w/v) solution m water 
Benzidine 1 % solution m pure acetone, freshly prepared 
each day 

Sodium hydroxide, n NaOH, m water 
Elhandicmagneetamixture NH^dlOg )andMgCl, 6H,0 
(6 g ) m water (100 ml) and made up to 1 1 with absolute 
ethanol 
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Barium chloride 0 02n BaCl„ m water 
Indicator A freshly prepared aqueous solution of sodinni 
rhodizonate of a fairly deep orange colour 
All reagents should be A R 

Method The solution (20 ml ) to be examined is acidified 
with trichloroacetic acid (10 ml ) Any precipitate formed is 
separated by filtration Duplicate 10 ml samples of the clear 
solution are pipetted mto 50 ml centrifuge tubes Benzidme 
solution m acetone (25 ml ) is added to each tube m a fine 
stream, and the tubes are capped and allowed to stand for at 
least 0 5 hr They are then centnfuged at medium speed for 
16-20 mm and the clear supernatant fluid is carefully 
decanted The tubes are nowmverted on filter paper to drain 
residual acetone It was found by control experiments that 
washmg of the precipitate with acetone is unnecessarj , and 
that even when the culture filtrate is highly coloured the 
precipitate left after decantation is almost white, and the 
amount of residual coloimng matter was never sufficient to 
mterfere with subsequent titration The precipitate is now 
prepared for titration by dissolvmg m 0 1 ml of K NaOH 
Shaking and warmmg Ihcihtate solution Ethanohe magnesia 
mixture (10 ml ) is added to the solution to precipitate phos 
phates, and the tubes are kept at a temperature.of 66-70“ m 
a thermostat durmg the titration Sufficient sodium rhodi 
zonate solution is added to give a defimte yellow colour to 
the solution, and care must be taken to add the same amount 
of mdioator to each tube of a senes of estimations 0 02 n 
B aClj IS added drop by drop from a imcro burette graduated 
m 0 01 ml Durmg the titration the contenta of the tube are 
rotated gently The yellow colour changes through orange 
and reddish orange td a rather bnght red The BaCl| should 
be added carefully untd there is a defimte and permanent 
blue tmt m the red, oontmuing heatmg m the thermostat and 
farther addition of BaClj if necessary Illumination needs 
to be good, a blue glass eleotno hght placed close to the tube 
and a white background help considerably 

1ml of0 02NBaCl,=0 3207 mg S 

Of the 119 species and strains of moulds exammed only 
four, which were discarded, gave trouble and then only after 
a very long penod of mcubation In three cases, i e Pern 
ciUium /rejuenfons Westlmg, P 28, P lufeum Zukol, P 42, 

P rugulosum Thom, P 60, the mterference was due to the 
extreme viscosity of the culture filtrate, and m the fourth, 
Aspergillus niger van Tieghem, no 33, a heavy precipitate 
prevented titration 

n Sulphur as total inorganic sulphate in culture 
filtrate after heating unth 0 3n HCl 

The method commonly used for the hydrolysis of the 
ethereal sulphates m urme has been modified and apphed to 
the mould culture filtrates A x>ortion of the culture filtrate 
IS ncoumtely measured mto a comcal flask and acidified with 
■jV voL pure cone HCl, so that the final concentration of 
HCT IS approx 0 3v A small funnel and watch glass ore 
inserted m the neck of the flask to lessen evaporation, and ite 
contents are boiled gently for 30 min After coolmg, the 
solution IS transferred to a measurmg flask, a little bromo 
crcsol green is added and the solution neutralized with 
NnOH The total morgnmo sulphate now present is deter 
mmed m portions by the method described m § L Reagents 
are checked by means of a blank experiment Phenyl 
potassium sulphate, imtially free from morganio sulphates, 
gave a 90 2% vield of morganio sulphate when estimated by 
this method 
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HI Sulphur as inorganic sulphate generated tn 
culture filtrate after heating unth 0 3n HCl 
This IS obtamed by subtracting the value given by the 
estimation m § I firom that obtamed as described m § II 

IV Total sulphur in cidture filtrate 

To a sample of the culture filtrate (usually 100 ml ) is added 
fuming UNO, (10 ml ) and KNO, (0 6 g ) The mixture is 
evaporated abnoat to dryness m a Kjeldahl flask, and is then 
treated exactly as m the estimation of total sulphur m the 
mycehnm described m § VI 

V Sulphur in culture filtrate not present as inorganic 
sulphate after heating with 0 3n HCl 

This IS obtamed by subtractmg the value given by the 
estimation m § n firom that obtamed as desenbed m § IV 

VI Total sidphur in the mycelium 

About 1 g of dried and powdered mycelium is accurately 
weighed, and is gently digested for 4 hr m a Kjeldahl flask 
with fnmmg HNO, (10 ml ) and KNO, (0 6 g ) The acid is 
then removed m a stream of air on a water bath A farther 
10 ml filming HNO, are added, the contents heated for 
2 hr and the acid removed as before The residue is now 
digested on a sand bath for 1-2 hr with H,0, (10 ml of 
100 voh) added at mtervals 2 ml at a time The clear 
solution IS evaporated on the water bath, taken up m 0 26 n- 
HCl (20 ml ) and evaporated to dryness Evaporation with 
HCl IS repeated, and the final white residue is dissolved m 
100 ml of a mixture of water and tnohloroacetio aoid (final 
acid concentration, 6 %) The amount of morganio sulphate 
18 estimated m 10 ml samples by precipitation with benzidme 
as described m § I 

Vif Residual glucose tn the culture filtrate 
This 18 estimated polanmetnoaUy 

RESULTS 

The utilization of sulphur initially present as 
inorganic sulphate, by 116 mould species or strains 

In tins part of the investigation only the culture 
filtrate was examined 

Two flasks, each containmg 360 ml of Czapek Dox culture 
medium with a sulphate content eqmvalent to 22 9 mg of 
snlphur/flask, were inoculated at the same tune and from 
the same culture of the species or stram of mould bemg 
exammed One flask was m general, harvested after an 
moubation penod of 17-26 days, after which tune the 
residual glucose was usually between 0 1 and 10% The 
second flask was harvested after a much longer moubation 
Iienod, usually 6-10 weeks, by which tune the glucose had 
either been completely metabolized, or its utilization had 
become extremely slow The residual morgamo sulphate was 
estimated m each flask by the method desenbed above 

The results obtamed are given m Table 1 The 
figures given m column 6 show the percentage 
utihzation of sulphate, so that a figure of 97 6 % 
means that only 2 4 % of the sulphur ongmally 
present m the culture medium as morgamo sulphate 
remamk m that form m the culture filtrate Tlie 
moulds exammed are listed m descendmg order of 
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Table 1 Utxlxzaiion of 

Organism 

P piiberulum Bamier 
P nolaium Westlmg 
P citnnum Thom 
P olivino vinde Biourge 
P brunneo rubrum Dierchx 
P Zanoswm Westlmg 
P Candida fulvum Dierckx 
P cbrysogenum Thom 
P jAaeo janthinelliitn Biourge 
P gnseo brunneum Biourge 
P Hagetni Zaleskt 
P cxtreo nigrum Dierckx 

P citnnum Thom 
P digitcUum Saooardo 
P auranlio brunneum Dierckx 
P cifreo vinrfe Biourge 
P commune Thom 
p pains inei Zaleaki 
p soUtum Westhng 
P caseicolum Bamier 
P citreo roseum Dierokx 
P chloro leucon Biourge 
P chloro-pbatum Biourge 
p ocSracetim Bamier 
p baculatum Westlmg 
p cAryaids Biourge 
p grtseo-roseum Dierokx 
p fiavido marginatum Biourge 

* London 


tnorgantc eidphate by 116 species 
Catalogue 


Incubation 
penod 

no • (daj's) 

Species of Penialhum 

24 
38 


and strains of fungi 

Kesidual glucose 
by polanmetor 
(g /lOO ml ) 


P 47 
P 46 
P 27 
P 40 
P 8 
P 86 
P 12 
P 67 
P 91 
P 30 
P 84 
P 20 
P 26 
P 33 
P, 2 

P 24 
P 30 
P 90 
P 62 
P 11 
P 22 
P 14 
P 16 
P 88 
P 7 
P 16 
P 39 
P 78 

School of Hygiene and Tropical Medicme (L S 


23 

38 

21 

39 

24 
37 

21 

68 

21 

08 

18 

65 

26 

39 

22 

56 

22 

37 

21 

68 

21 

67 

24 

60 

43 

66 

20 

00 

24 

65 

21 

38 
22 
68 
24 

39 
18 
60 
21 
67 
18 
56 
18 

67 
22 

68 
21 
69 
18 
61 
22 
39 
20 
67 


02 

00 

07 

00 

00 

01 

02 

02 

04 
00 
1 0 
00 

30 
0 1 

00 

00 

0 1 
00 
02 
00 
03 
00 
12 
00 
01 
00 
00 
05 
08 
00 

03 
00 

04 
00 

03 
00 
00 
01 
20 
00 
07 
00 

04 
01 

1 4 
00 
04 
00 
03 
0-0 
31 
00 
08 

02 
01 
0 1 

HTJd ) 


Utilization 
of SO 4 
(%) 


97 0 
96 0 

95 6 

96 4 

85 3 
70 3 

80 6 

97 4 

80 3 
68-0 

80 2 
69 0 

79 6 

72 0 
79 1 
406 

76 6 
00 4 
76 1 
458 
74 0 
668 

73 4 
96 6 
73 4 

66 7 

73 0 
79 7 
688 
95 2 
68 8 
68 4 

67 8 
60 7 
66 6 
60 6 
66 1 
60 9 
66 0 
33 9 
66 6 
98 1 
648 
62 8 
648 
70 6 
03 5 
47 2 
63 4 
68 0 
00 6 

68 4 
604 
38 9 

69 8 
20 2 
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Table 1 {cont ) 




Incubation 

Residual glucose 

Utilization 


Catalogue 

period 

by polanmeter 

of SO, 

Organism 

no * 

(days) 

(g /lOO ml ) 

(%) 

P Btalowtezenee Zaleaki 

P 71 

19 

02 

69 7 


50 

00 

36 9 

P alreo roseum Iherokx 

P 23 

24 

04 

69 2 


66 

01 

61 1 

P ci/nnum Thom 

P 0 

20 

11 

68 6 


60 

- 00 

68 4 

P fwco-glaucum Bionige 

/ 

P 81 

21 

60 

05 

00 

681 

82 3 

P chrysogenum Thom 

P 10 

21 

04 

67 7 


66 

00 

60 6 

P frequmlaM'Westhng 

P 20 

31 

39 

08 

00 

60 3 
801 

P gristo-fulmm Dierokx 

P 38 

22 

20 

641 


43 

07 

48 9 

P cilrto nigrum Dierokr 

P 21 

21 

22 

63 7 


61 

02 

66 8 

P Paciborskii Zaleaki 

P 02 

22 

01 

62 8 



67 

00 

42 8 

P Stilton Biourge 

P 64 

25 

20 

62 8 


64 

01 

62 8 

P atreo sulfuralum Biourge 

P 06 

18 

23 

607 


71 

00 

66 2 

P exjpansum lank 

P 41 

23 

1 1 

602 


43 

01 

95 8 

P hiforme Thom 

P 72 

19 

01 

49 8 


67 

01 

246 

P atreo sulfuralum Biourge 

P 50 

20 

1 7 

49 7 


85 

01 

62 0 

P anerascens Biourge 

P 66 

18 

28 

486 


71 

1 0 

62 0 

P spinulosum Thom 

1 

P 96 

26 

01 

480 


67 

00 

39 8 

P atnnitm Thom 

P 26 

24 

0-3 

47 4 



65 

00 

66 6 

P cyaneo fulvum Biourge 

P 34 

22 

12 

464 



66 

06 

66 0 

P OledzlAX Zaleaki 

P 89 

22 

24 

446 



69 

00 

609 

P Stemaszki Zaleaki 

P 96 

25 

1 0 

441 



69 

01 

31 0 

P sublatentium Biourge 

P 66 

26 

03 

428 


42 

00 

609 

P purpurogenum Stoll 

P 48 

24 

03 

406 



39 

01 

46 4 

P vtrtdt-dorsum Biourge 

P 66 

26 

1 3 

406 


42 

01 

43 7 

P fdlutanum Biourge 

P 67 

19 

06 

40 2 



56 

00 

486 

P Pierctxi* Biourge 

P 32 

22 

2-0 

39 7 



43 

01 

612 

P rogueforti Thom 

P 93 

22 

31 

37 6 



69 

00 

406 

P cyan CO fulvum Biourge 

P 31 

21 

1 6 

37 6 



66 

05 

607 

P auranlio-grtseum Dierokr var 

P 60 

19 

02 

30 3 

poznauiensis Zaleski 


66 

0-0 

660 

P Ntkleicskii Zaleaki 

P 61, 

26 

09 

36 2 



65 

01 

37 6 
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Incubation 

Eesidual glucose 


Catalogue 

penod 

by polaruneter 

Organism 

no • 

(days) 

(g /lOO ml ) 

P obsciirum Biourge 

P 87 

21 

08 

1 0 

00 

P fellutanum Biourge 

P 00 

20 

05 

2 1 

01 

P Biourgei Dierckx 

P 73 

20 

07 

1 8 

00 

P roseo cxirexim Biourge 

P 94 

26 

09 

1 4 

09 

P Adameizt Zaleski 

P 68 

26 

04 

26 

01 

P granulalum Baimer 

P 35 

22 

38 

04 

02 

P flaii-dorsum Biourge 

P 79 

20 

70 

22 

00 

P gorgonzola Weidemann 

, P 83 

21 

09 

20 

01 

P eubctnfreum Westling 

P 98 

25 

09 

28 

0 1 

P ierlil'oiDslit Zaleski 

P 03 

18 

07 

26 

02 

P decumhens Thom 

P 70 

20 

71 

29 

00 

P chrysogetium Thom 

P 18 

21 

00 

24 

0 1 

P hntnneo rubrum Dierckx 

P 9 

18 

03 

29 

08 

P /regueufaiia Westling 

P 80 

20 

70 

32 

00 

P chrysogenum Thom 

P 17 

21 

01 

33 

1 6 

P /reguenlons Westling 

P 82 

21 

70 

3 1 

0 1 

P carmino vwhceum Diercks 

P 04 

18 

71 

33 

00 

P hatxolum Biourge 

P 70 

19 

07 

14 

00 

P Paezoshi Zaleski 

P 02 

18 

71 

25 

00 

P aurantio wrens Biourge 

P 4 

20 

107 

35 

00 

P mtleagnnum Biourge 

P 43 

23 

78 

34 

22 

P, atramentosum Thom 

P 1 

20 

04 

34 

01 

P gnseo fulwm Dieroki 

P 08 

19 

71 

36 

00 

P flato-ctnereum Biourge 

P 77 

20 

70 

36 

01 

P spjcuhsporum Lehman 

P 63 

25 

43 

1 0 

01 

P schneggii Boas 

P 51 

24 

04 

42 

24 

P jijtnio luteum Dierckx 

P 44 

23 

78 

3 8 

18 

P jonMo cttnnum Biourge 

P 40 

23 

78 

38 

32 

P aurantio-candtdum Dierckx 

P 3 

20 

05 

46 

30 

P brunneo vidlaceum Biourge 

P 10 

18 

01 

28 

02 
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Utilization 

ofSO« 

(%) 

36 8 
607 
35 4 
60 2 
35 0 

39 8 
341 

37 2 
34 0 
68 2 
32 8 
46 4 
32 4 
43 2 
32 3 
63 3 
32 0 

38 4 
301 
642 
29 4 

40 0 

29 2 
63 3 
28 8 
60 1 
28 8 
442 
27 0 
344 

27 1 
054 

20 7 
60 7 
268 
43 2 

25 0 

46 0 
22 9 
32 0 
22 7 

30 7 

21 7 

47 7 
20 1 
74 8 

19 0 
446 
17 0 

20 0 
12 4 
32 8 
11 7 

28 0 
10 6 

26 8 
70 

42 0 
68 
73 4 
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Table 1 (conf ) 




Incuhation 

Residual glucose 

Utdization 


Catalogne 
no * 

pen6d 

by polanmeter 

ofSO« 

Organism 

(days) 

(g /100 ml) 

(%) 


Species of Aapergittua 



A f-umgatus TrcBenins 

No 47 

19 

47 

2-4 

03 

99 3 

85 1 

A ierreua Thom 

Am 1 

17 

06 

93 0 


69 

00 

82 6 

A terrene Thom 

No 3 

17 

06 

90 6 


69 

00 

98 2 

A terrene Thom 

Ah 2 

19 

04 

855 


67 

00 

97 2 

A terrene Thom 

No 37 

17 

08 

75 6 



69 

/ 00 

99 6 

A fiavus Link 

No 61 

19 

06 

74 8 


47 

02 

98 7 

A terrene Thom 

Ao 24 

17 

06 

71 1 



67 

06 

100 0 

A Sydowi Banner & Snrtory 

No 43 

18 

06 

68 5 


46 

00 

88 6 

A ierreua Thom 

Am 2 

19 

02 

67 1 



67 

0-0 

97 7 

A ochroccoue Wilhelm 

No 69 

19 

I 5 

66 2 



47 

02 

97 9 

A ierreua Thom 

Ah 1 

19 

08 

610 



69 

00 

69 9 

A ierreua Thom 

Ac 107 

17 

03 

68 6 



67 

00 

63 9 

A oryzae (Ahlbnrg) Cohn 

A 11 

26 

06 

67 0 


48 

03 

60 7 

A Wentix Wehmer 

No 2 

19 

20 

428 



46 

06 

37 1 

A ntdulane Eidam 

No 40 

18 

16 

414 



46 

01 

69 0 

A versicolor VmlL (Tirahoschi) 

No 18 

19 

22 

41 0 



40 

01 

62 2 

A ierreua Thom 

Ao 100 

17 

26 

31 6 



60 

00 

67 9 

A fomoni Bata 

No 66 

20 

34 

19 7 



47 

06 

428 

A candidua Link _ 

No 32 

26 

38 

17 9 



49 

0 1 

446 


MiacellaneoiiB species 



Claateroaporium sp 

Ag 64 

18 

07 

39 7 


46 

01 

420 

Biyaanua elemomlea (Beta ) Corda 

No 137 

20 

24 

33 2 



48 

01 

41 0 

Slemphyhurrx lanuginoaum Harz 

No 60 

20 

42 

316 



47 

26 

21 8 

Byncephalaairunx ctnereum Banner 

No 112 

20 

44 

22 7 



48 

04 

36 2 

Ahaidia epinoea Lendner 

No 118 

20 

4-0 

19 7 



48 

06 

29 7 

Allernaria sp 

Ag 17 

20 

43 

118 



49 

33 

24-0 

Trichoderma vtrtde PeiB ex Fnes 

No 85 

19 

4 1 

113 



48 

1 8 

24 0 

Caldariomycts jumago Woromchin 

Ag 02 

18 

29 

70 



40 

16 

68 4 

CepTiaioaponum ap 

Ag 30 

25 

43 

48 



49 

3 1 

14 4 
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the amount of sulphate metabolized after tlie shorter 
mcubation period Eiglity seven species or strains 
of Pcmcilhutn, 10 of Aspergillus and 9 miscellaneous 
species were esammed 

' Sulphur balance sheets of fourteen species or 
strains of moulds 

The aims of this part of the investigation winch, 
because of the large number of estimations mv'olved, 
was of necessity somewhat restricted, were tn ofold 

(o) To explore the variations m sulphur meta- 
bohsm of different strains withm a smgle species of 
mould For tins purpose six authentic strains of 
Aspergillus terreus Thom were chosen, smee it was 
already known, from mvestigations earned out m 
this laboratory, that different strains of this species 
give nse to a large number of different metabolic 
products Two of these strains, no 46 and Am 2, 
metabolize considerable amoimts of inorgnmc 
clilonde (Clutterbuck ct al 1940) 

(6) To explore the variations m sulphur meta- 
bohsm of different species of moulds within a smgle 
genus Sev'en different species of Pemctlltum were 
chosen for this purpose 

Eight flasks, each containing 360 ml of Czajiek Dox 
medium, were stenhzed, inoculated with the species or 
stram imder investigation, and meubnted at 24® Four flasks 
of each stram or species were harvested, and the filtered 
contents made up to 2 1 after (o) substantially all the glucose 
had been utilized, and four flasks after (6) extended in 
cubation for 9-11 weeks In the culture filtrate, residual 
morgamc sulphate, sulphate generated after acid hydrolysis 
and total sulphur m solution were determined, and total 
sulphur m the mycelium, by the methods previously 
desonbed The results obtained are given m Table 2 

DISCUSSION 

An outstandmg fact, that emerges from the results 
presented m Table 1, is the evident importance of 
sulphur m the metabohsm of moulds, os mdicated by 
the large amoimts of morgamc sulphate absorbed 
from the nutrient medium Tims, of the 115 species 
or strams exammed, sev^en species of PenictUium and 
nine species or strains of Aspergillus, mcludmg six 
strams of A terreus Thom, utihzed, after either the 
shorter or longer mcubation period, 90 0 % or more 
of the morgamc sulphate ongmally present m the 
nutrient medium Similarly, 40 species or strams 
utilized from 60 0to89 9 % of the morgamc sulphate 
With 29 species or strams the percentage utihzation 
of morgamc sulphate was more than 6 % greater 
after the shorter period of mcubation than after the 
longbr period In some of these cases, where the 
difference is relatively small, it is possible that 
the difference represents variations between single 
flasks In others, it is probably due to the hydrolysis 
of ‘ethereal sulphates’ formed as metaboho pro- 
ducts (see below) 


1948 

Tlie sev-en different species of Pentctllium, six 
different strains of Aspergillus terreus Thom and one 
of A fn)nignlusFTeBomu3,8ho\vmg alargepercentage 
utilization of morgamc sulphate, were chosen for 
a more detailed exammation of their sulphur meta 
holism With the results given in Table 2 Con 
sideration of these results leads to the followmg 
conclusions 

(1) Utilization of inorganic sulphate (column 6, 
Table 2) All seven species or strains of Aspergillus 
and three species of Pcnicillium utihzed the whole of 
the mofgnmc sulphate originally present m the 
medium withm the limits of experimental error 
± 6 % , and after either the shorter or longer period 
of mcubation Two of the four remainmg species 
utilized ov er 90 % The results are thus m substantial 
agreement with those given m Table 1 

(2) inorganic sulphate generated after acid hydro 
lysis (column 8, Table 2) With most species or strams 
exammed the amount of morgamc sulphate re 
generated after acid hj'drolysis under relatively mild 
conditions (boilmg with 0 3 n-HC 1 for 30 mm ) is 
considerable, reachmg a maxrmiun of 60 1 % with 
Penicillium citreo roscum, and exceedmg 26%vvith 
ten other species or strains The nature of this 
sulphur has not yet been established, but it is clear 
that it 18 present m some relatmely labile form 
possibly as ‘ethereal sulphates’ 

The presumed formation of ‘ethereal sulphates’ 
does not, liowever, appear to be a'|property possessed 
by all the species examined Thus the percentage 
amount of ‘ ethereal sulphates ’ formed by P notatwn 
(6 3 and 3 9% after 35 and 75 days' mcubation 
respectively), and by P aurantio brunneum (5 2% 
after 36 days’ mcubation) falls withm, or very close 
to, the experimental error of the method of esti- 
mation (+5%) A similar observation was made by 
Rippel & Behr (1936) who cultivated Aspergillus 
ntger on a chemically defined medium, somewhat 
different m nature to Czapek Dox medium, and con- 
taming the sulphates of potassium, magnesium and 
zme Tliey observ^ed the utflization of morgamc sul- 
phate, and showed that boilmg the metabohsm 
solution with 0 5n- or N HCl for 2 hr gave no 
appreciable mcrease m morgamc sulphate We have 
confirmed the absence of ‘ethereal sulphate ’ forma 
tion by our stram of A niger L S H T M stram 
Ac 1 when grown on Rippel & Behr’s medium 

So far as we are awareonly one ‘ ethereal sulphate 
lias been isolated m a state of purity from mould 
cultures Woolley & Peterson (1937) extracted cyclic 
ehohne sulphate 

(CH,), N CH, CH,0 SO, 

(fi snlphfttoethyltmnethylainmoniuni betaine 

(CH,),& CH,OH,OSo7) 
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as coloiirless crystals from the mycehum "of A 
Sydoxvi Bamier & Sartory grown on a glucose 
mmeral salts medium This substance yields chohne 
and sulphuric acid on acid hydrolj’sis 

(3) Stdphur in the culture filtrate not present as 
inorganic sulphate after acid hydrolysis (column 10, 
Table 2) AU the species and strains exammed con- 
vert considerable amounts of morgamc sulphate mto 
water soluble, sulphur-contammg compoimds, which 
do not give nse to morgamc sulphates on rmld acid 
hydrolysis In some cases the conversion is sur- 
prismgly large, e g Pemcilhum notatum, 75 days’ 
mcubation, 84 3%, Aspergillus terreus, stram Ac, 
24, 71 da 3 ^’ mcubation, 64 6 %, Pemcilhum puber- 
ulum, 70 days’ mcubation, 47 6 % 

Nothmg IS known at present as to the nature of 
these sulphur compounds, though it is probable that 
the sulphur is m orgamc combmation Hydrogen 
sulphide and mercaptans were not encountered, 
although Birkinshaw, Fmdlay & Webb (1942) 
established the formation of methyl mercaptan by 
the wood-rottmg fungus SchizophyUum commune 
Fr , when grown on a synthetic medium contammg 
glucose with ammomum and magnesium sulphates 
as sources of sulphur 

It is improbable that the sulphur is present to any 
considerable extent as protem or peptone Thus, 
although Clutterbuck, Lovell & Raistrick (1932) 
isolated from culture filtrates of strains of PeniciUium 
chrysogenum Thom and P notatum Westhng, m- 
cludmg the stram P 46, a protem contammg 3 6 % 
of cystme, the yield, expressed as a percentage of the 
morgamc sulphate m the medium, IS small Similarly, 
Rippel & Behr (1936) state that, of the morgamc 
sulphate utilized by Aspergillus niger, less than one 
seventh is present as protem and none as peptone 

Very few mould metabohc products contammg 
sulphur have been isolated m a state of purity It 
may be sig nifi cant,, however, that the different pem- 
cilhns, metabohc products of Pemcilhum notatum, 
all give |3|S dimethylcysteme on hydrolysis, and 
that another antibiotic, gliotoxm, produced by a 
variety of fungi, mcludmg Aspergillus fumigatus 
Fresemus (IVIenzel, Wmterstemer & Hoogerheide, 
1944) and PeniciUium cinerascens Biourge (Bracken 
& Raistrick, 1947), has the empirical formula 

Ovcharov (1937) has demonstrated qualitatively 
the formation of thiourea by cultures of V erticiUium 
albo-atrum and Botrytis cinerea grown on Richards’s 
(1897) medium, containing magnesium and ferrous 
sulphates as sole source of sulphur 

(4) Sulphur in mycelium (column 11, Table 2) 
Although the total sulphur m the mycehum amounts 
m some cases, particularly with strains of AspergiUus 
terrens, to about half that supphed origmally as 
morgamc sulphate, the percentage of sulphur m the 
dried mycehum is, with three exceptions, fairly 
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uniform, and is consistently small The percentage 
sulphur content m the dried mycehum of the 
different species and strains exammed is as follows 
(d = mcubation period m days) A terreus, Ac 24 
29d , 0 24 %, 71d , 0 23 % A terreus, no 46 29d , 
0 34%, 78d , 0 36% A terreus no “A 0 21%, 
71d,0 27% A terreus. Ah 2 33d , 0 20%, 62d , 
0 24% A terreus, no 37 30d , 0 22%, 63d, 
0 22% A terreus,Am 2 30d , 0 27 %, 74d , 0 33 % 
A fumigatus, no 47 41d , 0 29%, 76d , 0 34% 
Pemcilhum citreo nigrum, P 20 41d , 0 30 %, 74d , 
0 25 % P olimno virtde, P 46 36d , 0 15%, 70d , 
0 26 % P puherulum, P 47 27d , 0 23%, 70d , 
0 36% P expansum, P 41 41d , 0 26%, 68d , 
0 31% P citreo roseum, P 22 36d , 0 26 %, 67d , 
0 22% P rwiatum,P 46 36d ,0 26%,76d ,0 10% 
P aurantio brunneum, P 2 36d , 0 26%, 68d , 
0 41% 

Thus, although the maximum and miniTnnm 
weights of dried mycehum/flask for the shorter m 
cubation period are 6 04 g {AspergiUus terreus, no 
37, 30 days) and 2 13 g {PeniciUium expansum, 
P 41, 41 days), then respective sulphur contents 
are 0 22 and 0 26 % 

The dry weight of mycehum (Table 2, column 6) is 
less after the longer period of mcubation than ^fter 
the shorter period, m every case except for Asper- 
giUus fumigatus, no 47, clearly mdicatmg that auto 
lysis has taken place m the mterval Disregarding 
any results which fall withm the limits of experi- 
mental error ( + 6 %) there has been durmg this 
mterval ' 

(o) A loss of sulphur from the mycehum to the 
metabolism solution m seven cases (limits — 8 7 % 
with PeniciUium citreo nigrum, P 20, to — 17 8 % 
with AspergiUus terreus, no 46) and a gam m three 
cases (limits -t- 6 7 % with PeniciUium ohmno vinde, 
P 46, to -fl2 4% with AspergiUus fumigatus, 
no 47) 

(6) A gam m ‘ethereal sulphates’ m the meta 
bohsm solution m seven cases (limits -1-6 2% with 
Pemcilhum expansum, P 41, to -1-38 3% with P 
citreo roseum, P 22) and a loss m two cases (—106% 
witliP puberulum,P 47, and —11 l%withA^6r- 
gillus terreus, Ac 24) 

(c) A gam m sulphur compounds, other than 
‘ethereal sulphates’, m the metabohsm solution m 
BIX eases (hmits-t-6 7% with PeniciUium citreo 
nigrum, P 20, and P aurantio brunneum, P 2, to 
-f 20 0 % with P notatum, P 46) and a loss m one 
case of - 7 9 % with P citreo roseum, P 22 


SHMULARY 

1 A sun ey has been made of the utilization of 
morgamc sulphate by 116 species or strains of 
moulds, grown on Czapek-Dox glucose solution con 
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tammg magnesium and ferrous sidphates as the sole 
source of sulphur 

2 This has demonstrated the umversal unport 
ance of morgamo sulphates in the metabolism of 
moulds, smoe all species or strains tested utihzed 
10 % or more, 66 utilized 60 % or more, and 16 over 
90 % of the morgamc sulphate m the medium 

3 A more detailed examination of the sulphur 


metabolism of seven species of PemciUmm, six 
strains of AapergiUns terreus Thom, and one stram 
of A funugatm Fresemus, grorm on the same 
medium, revealed the fact that some of them form 
considerable amounts of ‘ethereal sulphates’ “(vlule 
others, particularly PtntciUrum rwlatnm Westlmg, 
give large yields of other, probably orgamc, sulphur 
compounds, of at present unknoivn nature 
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Studies on Ruminant Saliva 

1 THE COMPOSITION AND OUTPUT OF SHEEP’S SALIVA 

I 

By E I MoDOUGALL, InsMute of Anxmal Pathology, UntveraUy of Cambridge 


{Received 10 October 1947) 


In all domestic animals the principal function of 
sahva is that of a lubricant to assist mastication and 
deglutition In ruminants however, sahva has a still 
more important role, for the rumen has no secretion 
of its own and the sahva forms a flmd medium for 
the transport of mgesta both back to the mouth for 
remastication and onwards through the stomach 
to the small mtcstme It forms also a buffered 
medium m which the micro organisms of the rumen 
can flourish Particular mterest therefore is attached 
to the sahi o of the rummant, to its composition and 
the amounts m which it is formed 

Tile literature on rummant sahva is not very ex- 
tensn'O except for a few more recent papers, most 
of it has been reviewed by Mangold (1929) The sub 
lingual and submaxillary glands, when stumilatod 


by eatmg; secrete a sahva of low ash and alkahmty 
which contains mucm and whose function is limited 
to lubricating the bolus of food The parotid gland, 
on the other hand, secretes durmg eatmg andmmma- 
tion, at a greater rate on the side on which the bolus 
18 bemg masticated, and its flow contmues -at a re- 
duced rate durmg the mtervals of rest Tlie parotid 
sahva is formed m large amounts, it contains no 
ptyalm but has a high alkahmty and buffering 
power It IS consequently the most important 
secretion for the mamtenance of normal rumen 
function 

The output of sahva by various ruminants as 
reported m the hterature is summarized m Table 1 
The quantity produced per day has been estimated 
at 66 kg fortheoxbyCohn (1888) andat 601 for the 


Table 1 Published values for outputs of ruminant sahva 


Species 

Secretion 

Ox 

Parotid 

C!ovr 

bGxed 

Sheep 

Parotid 


Parotid 

Goat 

Parotid 


Parotid 


Output of Baliva 


ml fbr 

Total/day 

800-2400 

66 kg 

— 

601. 

25 



3 6-21 0 


10 

_ 

60 




• Quoted by Babkm (1944) 


Reference 
Colm (1886) 

Jlarkoff (1913) 

Scheunert A Trautmaim (1921) 
Popov (1921)* 

Bo 

Babicbev (1925)* 



Table 2 Published compoatUon of ruminant saliva* 
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cow by Markoff (1913), the diet being hay m each 
ease Tlie analyses of the sahva of various rurmnants 
reported in the literature are given in Table 2 
Zuntz (1913) claimed that the amount of alkah 
secreted each day m the saliva of the ox must be 
about six tunes that contamed in the blood and 
Markoff (1913) calculated that his cow produced 
300-360 g alkah expressed as sodium bicarbonate 
The latter figure may be compared with the value of 
329 g volatile acid (calculated as acetic acid) m the 
rumen and reticulum of an ox, reported by Elsden, 
Hitchcock, Marshall &, Phillipson (1946) It is 
evident that in this species the saliva flowmg mto 
the rumen each day supphes a large -volume of 
hquid for the suspension of the mgesta and a large 
amount of alkah for the neutralization of acids 
produced m the rumen 

Tlie analj'ses m Table 2 are rather mcomplete, 
often being limited to the dry matter and titratable 
alkahmty In view of the importance of the saliva 
to the ruminant, a more detaded knowledge of its 
composition seemed to be required 

In the present work a study has beep made of both 
the mixed and parotid secretions of sheep First, the 
composition was mvestigated by analyzmg samples 
for dry matter, ash and vanous constituents, parti- 
cularly inorgnmc ions, -which might be supplied 
fiom the blood of the animal Secondly, special 
attention was paid to the determination of the 
carbon dio-ade content and the hydrogen ion con- 
centration Durmg the mvestigations a number of 
observ'ations was also made on the rate of'Seoretion 
and the daily output of sahva 

METHODS 

Collection of samples Muted saliva -vVaa obtained either as 
it dripped fiem the tongue of a sheep under chloralose or 
Nembutal (pentobarbital) anaesthesia, or from a normal 
sheep by means of a sponge gag, PI 1 o and b, devised for the 
purpose The samples were usually uncontammated, though 
occasionally they appeared to contam small amounts of 
regurgitated rumen contents ^ 

Parotid saliva was obtained by cannulatmg the duet from 
the parotid gland under Nembutal anaesthesia and leading 
thesahvaoffthrongh valve rubber tnbmg, PI Ic Collection 
of samples was commenced about 1 hr after the effect of the 
anaesthetio had ceased and a portion was taken under 
parafiSn oil to prevent loss of carbon dioxide for the estima 
tion of the pH and carbon dioxide content 

Rumen hquor -was obtained either from a sheep with a 
rumen fistula or fium freshly killed animals Care was taken 
to avoid undue exposure to air by covenng -with a layer 
of hqmd paraffin, and bacterial activity was arrested by 
the addition of merthiolate (sodium ethylmerounthiosah 
oylate) 

Chemical methods The diy matter and ash were deter 

mmedbypipettmgfiml ofsabva mto a small tared crucible, 

evaporatmg on a water bath and drymg m a hot-air 

110° to constant weight, finally it was ashed and weighed 

agam 
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Nitrogen was determined by the micro Kjeldahl method, 
redncmg substances by Maclean’s method for blood sugar, 
the carbon dioxide content \nth Van Slyke’s volumetno 
apparatus, and the hy^rogeji ion concentration potentio 
metrically usmg a qumhydrone electrode 
Inorgamo ions were estimated by standard methods for 
blood serum as follows sodium, Kramer i, Gittleman ( 1 924) , 
potassium, Kramer & TisdaU (1921), calcium, Clark & 
Colhp (1026), magnesium, Dems (1022), phosphorus, Fiske 
L Snbbarow (1926), chloride, at first by the method of 
tVhitehom (1921) and Inter by the method of Sendroy (1937) 

RESULTS 

Detailed analyses of saliva 
Mixed saliva Eleven aamples were obtained from 
four anaesthetized and one normal sheep The 
particulars of the samples and the results of the 
analyses are given m Table 3 

The dry matter was 1 0—1 39 and the ash 0 73— 

0 9 g /lOO ml , the orgamo matter was thus qmte 
low A small amount of mtrogen was found but its 
nature was not determmed Nojeducing sugars were 
ddtected The chief constituents were morgamc 
sodium and bicarbonate predominated, potassium, 
clilonde and phosphate were present m smaller 
amounts, and calcium and magnesium were foimd 
m traces 

As the samples were not very umform m ongm 
they call for mdividual comment With sheep 2, 
sample A was obtamed early, and B late, m the 
period of anaesthesia, the analyses show, however, 
that a fairly steady composition wd? being mam 
tamed Of the samples from sheep 3 and 4, sample a 
appeared to contam a small amount of regurgitated 
rumen contents, whereas sample b was imcon- 
tanoinated , it is evident that the effect of this con- 
tammation was neghgible 

Four samples were obtamed from sheep 6 at 
mtervals during 24 lir by means of the sponge gag 
Some constituents, notably the phosphorus and 
carbon dioxide, showed considerable variation 
dunng this period 

The differences m the composition of sahva from 
different animals were more marked for certam con- 
stituents, particularly potassium, phosphorus and 
carbon dioxide, than for others These differences, 
liowe\ or, cannot be understood without an adequate 
knowledge of the composition of the mdividual 
saluarj’- secretions Of the latter, that from the 
parotid gland is the most important and has there 
fore received Bpocial attention m this m\ estigation 

Parotid saliva Samples were obtained nt mten-als 
throughout the daj from six sheep with parotid 
fistulae Of these sheep, no 2 and tliree others were 
■aethers, no 4 an appro-ximately 6 months old lamb 
and one an aged ram For four of the animals the 
experiments lasted until the third day after cannu- 
lation bj \\ hich tune the rate of production of sahi a 
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liad become mconvemently slow In two animals 
the experiments were stopped on the Ist and 2nd 
days after cannulation respectively as the secretion 
had dried up and become almost neghgible At the 
end of the e-spenment one sheep had an infection of 
the duct but not the reduction m size and structural 
alteration m the gland reported by Scheunert & 
Trautmarm ( 1 921 ) to occur some time after establish 
ment of a parotid fistula In two other arumals 
exammed there was no apparent reason for the 
stoppage of secretion , m fact, the gland subsequently 
healed up and was observed to function normally 
agam 

Of the results obtamed, those for two sheep only 
are given m Table 4 because of limitations of space 
In addition to these analyses, a number of samples 
was exammed quahtatively by the biuret, feme 
chloride and Benedict tests for protem, thiocyanate 
and reduemg sugars but aU these tests pro-ved 
negative 

The results for sheep 2 showed lo-wer values for 
carbon dioxide content and pH than those for the 
other sheep and are considered atypical though the 
reason for their bemg so is not apparent Tlie results 
for sheep 4 were typical of those obtamed for the 
four remammg sheep Only those samples collected 
on the first 2 days of the experiments on these fi've 
animals ha-ve been considered as normal Those 
obtamed on the 3rd day were excluded m tahmg 
average values becausb by tins tune the secretion 
was drying up as already noted and also changes 
m its composition had often become evident On 
the whole these results showed that the composition 
of the parotid sahva was not affected by the age of 
the amimals, that it was similar to that of the mixed 
sahva quoted m Table 3, and hence that the latter 
secretion was largely composed of parotid sahva 
The results for the cations do not call for much 
comment but those for the amons showed the fol- 
lowmg features Thephosphorus (morgamc), average 
81 mg /1 00 ml , showed extensive ■variations, both 
between one ammal and another and among 
samples from the same animal The values tended to 
decrease shghtly when the anim al was eatmg or 
rummatmg and to fall gradually durmg the course 
of the experiment to a fraction of the original 
amount The chlonde content, average 61 mg / 
100 ml , also vaned defimtely fixim animal to animal 
but, on the other hand, it mcreased considerably 
durmg the course of the e^xperiment, m the most 
extreme case, that of sheep 4, from 23 to 238 mg / 
100 ml These two effects were approxunatelj com 
pensatory, as the third chief amon, the carbon 
dioxide content, was more steadjs though m three 
cases there were mdications of lower v alues settmg 
m on the 3rd day of an e^xpenment Its value, 
average 233 ml /lOO ml , was approxunatelj eqm- 
■valent to 0 1 it bicarbonate solution and showed an 
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increase during eating, when the rate of secretion 
was also higher 

Thtform of phosphorus \n saltva In the analyses 
recorded above it was the inorganic pho^horus that 
was determined To see to whatextent this accounted 
for all the phosphorus and whether other forms were 
secreted from the blood, both total and morgamo 
phosphorus were determined in a number of samples 
of mixed and parotid sahva The results mdicated 
that, withm the hmite of experimental error, aU of 
the phosphorus exists m the morgamc form 


The carbon dioxide content and hydrogen ion 
concentration of saliva 

The carbon dioxide content of mixed saliva This 
quantity is important as it is the best mdicator of 
the buffermg power of the hquid flowing mto the 
rumen As it appeared from the analyses of the 
mixed sahva of sheep 6, Table 3, that this con 
stituent may vary considerably throughout the day, 
it was decided to mvestigate it further For this 
purpose samples of mixed sahva were collected at 
regular mtervals during the day, from seven normal 
sheep, by means of the sponge gag 
At first the carbon dioxide content was deter 
mined on the samples as collected, but as the mixed 
secretion cannot be obtamed without exposure to the 
air, the question arose whether the carbon dioxide 
content, and consequently the hydrogen ion con 
contration of samples collected m this way, were 
representative of the ongmal secretion It was 
possible to mvestigate this pomt when studjmg the 
parotid secretion (see later) Samples were collected 
under liqmd paraffin from five sheep from a cannula 
in the parotid duct The carbon dioxide content was 
determined on the sample as collected The sample 
was then exposed to tho air overmght and the carbon 
dioxide content redotemnned Tho exposed sample 
was then equihbmtod with human ah eolar air and 
tho carbon dioxide content measured agam Tlio 
throe sots of figures showed that there was usually 
a loss of carbon dioxide on exposure of tho sample to 
tho air, but that tho imtial values were restored by 
oquihbration with human alveolar air, although no 
data could be found m the hterature to compare tho 
partial pressure of the carbon dioxide m the alveolar 
air of tho sheep witli tliat m man Tlie rema inin g 
samples of mixed sahva wore therefore analyzed 
after equilibration to obtain tho true value of the 
carbon dioxide content Some samples were 
nnah-zod both before and after oquihbration m order 
t-o determine tho magmtudo of tho error mvoh ed m 
collecting tho sample 

Tho results are giien m Table 6 The unequih 
bra ted samples a slion ed the same general trends 
ns the equilibrated samples 6 but were some 
10-20 % lower Therefore the figures gix en m 
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Table 3, and probably most of those hitherto re 
ported m the hterature for ruminant sahva, must be 
regarded as mdicatmg too low a carbon dio-ude 
content and thus too alkahne a reaction 

The variation m the carbon dioxide content at 
different tunes of the day was often as great as 100 % 
but was not regular enough to suggest any corre- 
lation with the time of feedmg wluch took place 
after the first sample had been taken Such a corre 
lation might become apparent if the observations 
were repeated ivith more detailed mformation avail 
able about the feedmg and riiminatmg habits of the 
animals As the variation was greater than that 
reported m Table 4 for parotid sah\ a, it was probably 
due to changes m the proportions, rather than the 
composition, of the mdmdual secretions 

The carbon dioxide content of these samples was 
on the vhole lower than was recorded for the 
anaesthetized sheep m Table 3, the values after 
equihbration showed a range of 25-200 ml /lOO ml 
The lowest figures were mamly due to sheep 1 and 2,* 
but it 13 not possible to say that these were defimtely 
abnormal owmg to the small number of anunals 
which have been studied so far 
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sahva is not drastically reduced on entermg the 
rumen and is ample for its function as a buffer 
The carbon dioxide content and pH of parotid saliva 
The number of sheep whose parotid saliva could be 
studied in such detail as reported m Table 4 was 
limited, but it was possible to obtam smgle samples 
sufficient for the determination of the carbon dioxide 
content and of the pH from seven other sheep which 
were being us5d for acute experiments under spinal 
anaesthesia, and thus to obtain more representative 
figures for these values The results are given m the 
second and third columns of Table 6 The carbon 
dioxide content of these samples was fairly uniform 
(average 237 ml /lOO ml ) and of the same order as 
reported for sheep 4, Table 4 The average pH was 
8 23 

Bate of secretion and daily output Of 
parotid saliva 

Durmg the expenments on sheep with parotid 
cannulae, frequent observations were made on the 
rate of secretion of the saliva Some of the data are 
mcluded in Table 4 and some additional results are 
given m Table 7 Both eatmg and rumination 


Table 6 The COj content and the pH of pure parotid saliva of sheep 


I ^ 




Foimd, 

Calculated, for 

Sample from ewe 

CO, 

at room 


A 


anaesthetized on 

(mL/100 ml ) 

temperature 

16® 


38® 

24 1 44 

277 

8 30 

8 26 


8 16 

26 1 44 

241 

8 46 

8 20 


8 10 

29 1 44 

263 

8 23 

8 22 


812 

2 u 44 

227 

8 05 

8 17 


8 07 

29 11 44 

176 

811 

8 06 


7 96 

1 m 44 

254 

814 

8 22 


8 12 

3 m 44 

232 

8 35 

8 18 


8 08 

Average 

237 

8 23 

819 


8 09 


On fiowmg into the rumen, the nnxed saliva 
becomes diluted with the food and water of the diet 
and partly neutralized by the acids produced by 
fermentation m the rumen The carbon dioxide con- 
tent of the rumen hquor may therefore be expected 
to show considerable variation m relation to the diet 
of the ammal and the tune smee feedmg However, 
a few samples of rumen hquor were analyzed for 
comparison with the mixed sahva The results 
showed values of 40-170 ml /lOO ml from which it 
appears that the bidarhonate content of the mixed 

* Sheep 2, Table 4 and sheep 1 and 2, Table 6, had well 
established rumen fistulas As the carbon dioxide content 
of the sahva from these animals was particularly low, one 
wonders whether the rumen fistulas had made them 
ahnormal m this respect Sheep 6, Table 4, however, 
possessed a rumen fistula for years but it had become closed 
at the tune of the sahvaiy studies, the sahva of this sheep 
had a normal carbon dioxide content ' 


brought about a considerable morease m the rate of 
secretion The mere sight of food, on the other hand, 
caused no psychologcal stimulation The effect of 
pdocarpme was not apparent untd 30 mg had been 
given mtravenoiisly lifiien 6 grains Nembutal 
was gven mtravenously, this was sufficient to 
cause the sheep to stagger on its feet, but 
appeared to have only a transient effect on the 
rate of secretion 

It was possible m these experimente to collect the 
sahva from the cannulated parotid of some of tte 
sheep for considerable periods and thus to obtam a 
rehable estimate of the daily output The results are 
summarized m Table 8 The volume from one gland 
was 930-1840 (average 1310)ml /241ir Atslaughter 
of sheep 6, Table 8, the cannulated parotid gland was 
found to weigh 36 g As it secreted 930 ml m 24 lir , 
its activity can be expressed as 27 ml /24 hr /g of 
tissue 
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Table 7 Observahons on the rate ofparotxd secretion %n the sheep 


Sheep 

- / " "A 

Condition 

Idle 

Bnminating 

Idle 

Rujmnating 

Idle 

Kummating ' 

Idle 

Rmmnatmg 
Before mjeotion 

After 2 mg pilocarpme aubcutaneously 
Aflef 30 mg pilocarpme auboutaneouely 
After 30 mg pilocarpme mtravenoualy 
Before injection (6 2, 3, 3 dropa/mm ) 

After 6 grains Nembutal intravenously (14, 7, 3, 6, 4, 
4, 7, 6 drops/mm ) 


Time to secrete 10 ml samples 

* — ^ 

(a) (6) 

A ■ ■ 


mm 

sec 

min 

seo 

8 

0 

7 

0 

2 

30 

2 

30 

8 

30 

6 

0 

2 

16 

2 

30 

10 

30 


— 

4 

0 

4 

30 

11 

12 

- 



4 

38 

4 

44 

43 

0 

- 

— 

41 

0 

- 

— 

32 

0 

- 

— 

7 

0 

10 

30 


Table 8 FoZwffie of sahva collected from a 
parotid gland of sheep 

Sheep no mL/24 hr 
1 1100 

3 1440 

4 1840 

6 1240 

6 630 

Average 1310 

DISCUSSION 
Mixed sahva 

Comparison with human saliva The sjiecial im 
portanco of sahva to the ruminant v-as emphasized 
m the introduction It is therefore relevant to com 
pare the present results for sheep with those for an 
nnininl with a simple stomach To this end, figures 
quoted for the composition of milled human sahva 
111 a number of tevt books are presented in Table 9, 
together with the range of the data given m Table 3 
The sahi a of sheep has less drj matter and calcium, 
n higher nsli, sodium, carbon diovide content and pH 
and about the same lo\ el of magnesium and 
chloride, ns compared with human saliva The 
potassium and chloride are v anable m both 


Helatton to function These differences m com 
position are clearly related to the special role of 
sheep’s sahva The large amount of carbon dioxide 
as bicarbonate together with the high phosphate con- 
tent are functionally moat important for rendering 
the fluid an ideal buffer for the bactenal digestion 
that goes on m the rumen The bicarbonate secreted 
each day by the parotids can be calculated from the 
present data to be on the average 2 73 equiv This 
may be compared with a total of 63 6 g (lOSeqmv ) 
of volatile acids, as acetic acid, found m the rumen 
of sheep by Elsden et al (1946) The eahvary phos 
phate may have a function m addition to that 'of 
a buffer, as it w^ suggested by Watson (1933) that it 
might be important m mamtammg the bacterial 
population of tlie rumen This may well be the case 
as veui der Wath (1942) showed that the number of 
these organisms was stimulated by a supplement of 
phosphate to a diet low m tlus constituent 

Parotid saliva 

Typical composition The results'obtamed m the 
expenmonts on sheep with cannulatod parotid duets 
(see Table 4) hav e been a\ eraged to giv'e a tj’pical 
composition for the sheep’s parotid sahv a shown m 
Table 10 In amvmg at this, the data obtamed on 


Table 9 Comparison of the composition of mixed sahia of sheep and of man 


Literature 
■\mmal reference 
Sheep — 

Man (Thorpe 1038) 
Man (Shohl 1030) 
Man (Fearon 1040) 


Content 
(g /lOO ml ) 

' , 

Dr\ 

matter Ash 
1-0-14 0 7-0 9 
0 3-1-4 0 2 

— 0 210 

00 — 



Content (mg /lOO mk) 

A 



CO. 
(ml/ 
100 niL) 


nI 

K Ca SIg 

P 

Cl 

pH 

370-402 

10-40 16-3-0 O-O-l-O 

37-72 

25-43 

117-283 

8-4-8 7 

20 

33 8 1 

10 

50 

--- 



20 

100 6 2 

18 

40 

22-33 

60 

20-30 

30-100 8 1 

3-19 

40-50 

— 

0 35-0 85 
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the 3rd day of the experiments and all those for 
sheep 2 were excluded for reasons already stated 
(p 101) Tlie composition IS expressed as mg /100ml 
and m equiv /I In calculatmg the latter, it has been 
assumed that at the pH of the sahva, the carbon 
dioxide exists as HCOJ and the phosplionis as 
HPOr 
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total carbon dioxide content and the partial pressure 
of the carbon dioxide, provided the composition of 
the solution is known The hydrogen ion concen 
trations of the samples of sahva in Table 6 were 
therefore calculated from tlie carbon dioxide content 
(1) at room temperature for comparison with the 
values actually found and (2) at body temperature 


Content (g /lOO ml ) 

— -- - A 

t 

Dry 

matter Ash 

1 28 0 97 


Table 10 Average composition of the parotid saliva of sheep 

Content (mg jlOO ml) CO, 

I — (ml / 

N Na K Cn Mg P Cl 100 ml) 

20 408 32 0 8 0 8 81 61 233 

Content (m eqmv fl •) 

, , ^ 

177 8 0 4 0 6 52 17 104 


* P assumed to exist as HPO,-, CO, assumed to exist os HCO,' Total cations, 186, total amons, 173 m eqmv 


Completeness of the analyses The amounts of the 
various ions given m Table 10 can be calculated 
to be equivalent to a dry matter content of 1 29 
g /100 ml This figure is m good agreement with 
the average dry matter actually foimd, viz 1 28 
g /lOO ml , and indicates that no major constituent 
had been overlooked On the other hand, when the 
results are expressed as m eqmv , it is apparent that 
the total cations, 186 m eqmv /I , exceed the total 
amons, 173 m eqmv fl This difference might be ac- 
ooimted for as sulphate wlucli exists m small amounts 
m the blood or as volatile acids which were shown by 
Barcrofb, McAnally & Phillipson ( 1944) to occur m 
the blood of the rummant, though the amount found 
m arterial blood was very small Another possibihty 
might be the presence of an organic acid, such as 
lactic acid, derived from the metabolism of the gland 
itself Tlie present results, however, are sufficient to 
enable one to suggest a formula for synthetic sahva 
winch may prove useful to biochemists and bacteno 
legists wislimg to simulate the conditions m the 
rumen of the sheep m the study of rummant di 
gestion Such a formula is given in Table 1 1, and is 
based on the data m Table 10 

Table 11 Suggested composition for synthetic saliva 


Salt 

mmol fl 

eft 

NaHCO, 

117 

98 

Na,HPO, 12H,0 

26 

93 

NaCl 

8 

0 47 

KCl 

8 

0 67 

CaCl, anhyd 

02 

004 

MgCl, anhyd 

03 

0 06 


Hydrogen ion concentration The sahva was found 
by potentiometnc determmations to have a pH of 
c 8 23 (Table 6), due to the large amount of bicar- 
bonate present The hydrogen ion concentration maj'^ 
be calculated mdirectly m such a solution from the 


to give the reaction of the sahva as secreted The 
steps m the calculations, the assumptions made and 
the values taken for the various constants are given 
below 

An approxungte value of the lomo strength (p) of the 
saliva was calonlated, assuming the typical composition 
given m Table 10, whence 

li=i'2mfZi^=0 18, 

where nt( =molar concentration of an mdividual ion and Sj its 
valency 

Thefirst apparent stoicheiometno dissooiatioa constant of 
carbomo acid at this lomo strength was calculated from the 
thermodynamic ionization constant The simplified Debye 
Hfiokel equation for tim univalent electrolytes in dilute 
solutions gives the relation of these three quantities as 
pK'=pK -A-fff 

in which A IS a constant for a given solvent This equation 
was found by Hastings L Sendroy (1926) to hold for carbomo 
acid m solutions containing sodium bicarbonate and 
chlonde As the predonunatmg lonio species m sahva are 
sodium and bicarbonate and as Bray (1926) found that the 
activity of the bicarbonate ion is different in solutions of 
potassium as compared with sodium salts, the above 
equation was employed m the present calculations, rather 
than any more recent but empinoal equation based on 
measurements made with potassium salts Values for pK, 
at the two required temjieratures were taken from Shed 
lovsky & Macinnes (1936) and for 4 from Maolnnes (1939) 
Then for carbomo acid m sahva 

at 18°, pKi' = 6 43 - 0 50 VO 18 = 6 22, 
at 38°, pKi'=6 32-0 62V018=6 10 

Before the pH of the sahva can be calculated it is necessary 
to know the value [H,COJ, representing the concentraton 
of unionized carbomo acid and physically dissolved carbon 
dioxide, a value dependmg on the carbon dioxide tension 
As no data oould be found m the hterature for the carbon 
dioxide tension of sheep’s saliva, blood or alveolar air, t e 
value for human arterial blood was taken, givmg 
[H.COjJ =2 4 mk/lOO ml 



Vol 43 

This teamed jOBUfied for two reasons (1) It has been shown 
that equilibration with human alveolar air restored the 
onginal carbon dioxide eontent to samples of sheep’s saliva 
which had lost carbon dioxide through exposure to air The 
differences in the partial pressure of carbon dioxide in the 
two species cannot therefore he very great (2) Small 
differences between the assumed and actual values of 
[HjCO,] wiU have only a small effect on the oalcnlated pH 
values 

The pH of the samples of saliva were calculated Horn their 
carbon dioxide tontent given m Table 6, employmg the 
Henderson Haaselbach equation, vm 

pH =pK' + log [Salt]/[Acid] 

This becomes, when apphed to the sheep’s parotid sahva 

at 16”, pH = 6 22 + log [Total CO, - 2 4]/[2-4], 
at 38°, pH=6 10+log [Total CO, -2 4]/[2 4] 

The cftlculated pH values at 16 and 38° are 
given m Table 6 together with the evpienmental 
data on these samples It will be seen that the cal 
culated values at 16° are in good agreement with 
those found potentiometncally at room temperature, 
the averages being 8 19 and 8 23, respectively The 
colculatod values at 38° show that the sahva is 
secreted at a pH of about 8 1 This value la less 
alkabne than many reported for ruminant sahva 
but IB considered more accurate 
Galcwtn The saliva of the sheep contains much 
less calcium than the blood This is probably because ’ 
m the absence of signrfioani amounts of protem the 
calcium must bo largely ionized and at the pH of the 
saliv a only small amounts of calcium ions can be 
m oquihbnum with the carbonate and phosphate 
present The maximum lomzed calcium possible at 
bodj temperature was calculated for a solution with 
the composition of sheep's parotid sahva, as follows 

The concentration of the carbonote ion was obtamod from 
nn equation derived from tho negative loganthmic ex 
prcssiouB for tho first snd second stages of ionization of 
carbomo acid 

pKi'=pH + p[HCO,-]-p[H,COJ, (i) 

pK,'=pH+p[CO,-]-p[HCO,-] (iS) 

Adding (i) and (u) and rearranging 

P [CO,-] = pK,' + pK,' - 2pH + p [H,CO J (ui) 

Tho values pKi'=0 10 at 38° and p=0 18 have already been 
calculated The value of pK,' under these conditions was 
obtained from tho equation of Hastings A Sendroy (1025) 

pK,' = 10-22-l lV;i=9 7C 

Tiie pH was taVen as S 1 and tho apparent concentration of 
uuiomred carbonic acid ngom assumed to be 2 4 ml /lOO mb 
Tlie Intter expressed as molar quantities gives 

CH,CO,l=^l07xl0-», 

and therefore p [H,CO,]=2 97 Substitutmg these values 
in equation (m) gives 

p[CO,-]=0 10 + 0 75-2x81+2 97=2 02 

Tlie cqudibnum concentration of calcium ions cone 
spending to this amount of cvrlxmatc wax calculated from 


107 

the aolubihty product of calcium carbonate The value of the 
latter at 38° was taken from Sendroy & Hastings (1927 a) 

Then p [Ga++3 =pB:',.p. - p [CO,"] 

=7 40 - 2 62 =4 78 
Whence [Ca++] = 1 7 x 10"® 

=0 07 mg /lOO ml 

A senes of similar oaloulations was made for tertiary 
calcium phosphate, employing the values for the three dis- 
sociation con^nts of phosphono acid and the solnhibty 
product of the calcium salt, given by Sendroy A Hastmgs 
(1927 o, 5) The equflibnum concentration of the calcium ion 
with the phosphate concentration found m sahva was found 
to be [Ce++] =01 mg /lOO ml 

It follows from the above considerations that tihe 
low eohvary calcium is secondary to the high bicar- 
bonate «m.d phosphate contents The values actually 
found are higher than the calculated figures One 
can only speculate whether the discrepancy is due 
to experimental error m determmmg the small 
amount present, to the existence of colloidal calcium 
phosphate, to supersaturation or to an imdissociated 
complex 

Companson mih sheep’s serum As the dry matter 
of the parotid sahva of sheep is largely mmeral and 
the mineral constituents of such secretions must be 
derived from the blood, it is mterestmg to see how 
the mmeral compositions of these two flmds com 
pare Tlie average composition of the parotid sahva 
has therefore been presented m Table 12 together 
with figures for the composition of sheep’s serum 


Table 12 Comparison of the composition of 
parotid sahva and serum of sheep 


Constituent 

Parotid 

sahva 

Serum 

Dry matter (g /lOO ml) 

D28 

83 

Nitrogen (mg /lOO mb) 

20 

865 

Reduemg sugars (mg /lOO ml ) 

Absent 

105 

Na (mg /lOO ml ) 

408 

3S0-360* 

K (mg /lOO ml ) 

32 

30-40* 

Ca (mg /lOO ml ) 

08 

10-11 

Mg (mg /lOO ml ) 

08 

2-5 

P (morgamc) (mg /lOO ml ) 

81 

45-a* 

Cl (mg /1 00 ml ) 

01 

370 

CO. (mb/100 ml ) 

233 

50 


* From Shearer A Stewart (1931), remamder from 
Dukes (1943) 


Tlie concentrations of tho prmcipal cations, 
sodium and potassium, are similar m both fluids 
Tlio concentrations of both calcium and magnesium 
are less m the sain a Tlie greatest differences, how - 
c\ er, are shown bv the anions Tlie carbon dioxide 
content of the sain a is about four times the normal 
alkali reserv e of sheep’s blood It might be expected 
that the contmuous loss of so much alkah from tlie 
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blood as bicarbonate would ta\. the ability of the 
sheep to maintain the acid-base balance m the blood 
This loss, howe\ er, may be offset not onl3'- by re 
absorption lower down m the digestive tract but also 
by the abomasal secretion winch m the sheep is not 
only acid but also contmuous The phosphorus of 
sahva is entirely morgamc, \ ariable m amount and 
has a concentration about fifteen tunes that of the 
serum morgamc phosphorus This is m agreement 
with the data of Watson ( 1 933) v ho found m addition 
that the phosphorus m the sahva appeared to depend 
on the morgamc phosphorus in the serum The 
clilonde occurs to about one sivth of the extent of 
its normal lei el m the serum 

Nature of the secretion It is evident from Table 12 
that the parotid gland mainlj' secretes ionized salts 
This suggests that the difference between the lomc 
composition of serum and sahva might be due to 
a Donnan effect of the serum proteins However, it 
IS evident by inspection of the data that the required 
relation for um umv^alent electrolytes, namely, 

[Base] [Acid]g^,,= [Base] [Acid] 

Smim 

does not hold Hence sahv’a cannot bo regarded as 
a transudate m equilibrium with the blood 

If the two fluids are m static equihbnum, the general con 
dition must hold that there is no net gam or loss of free 
energy mvolved m the formation of the sahva Assuming 
that aU the constituents of the latter are denved from the 
serum, the associated change m free energy can be calculated 
without makmg any assumptions as to the mechanism of 
sahva formation 

The decrease m free energy, - AF, for 1 L of sahva is 
given by the expression 

- AF = log, {a,^a^„), 

where n is the number of mol of a constituent transferred 
from a very large volume of serum to 1 1 of sahva and o its 
activity The ratios of the activities can be sufficiently 
approximated by the ratios of the molar concentrations In 
calculatmg the latter, the median value has been employed 
for those serum constituents for which a range only has been 
quoted m Table 12 Serum calcium has been assumed to be 
60 % ionized Phosphate m the sahva has been regarded as 
entirely HPO," and the proportion existmg m this form m 
the serum has been calculated for pH 7 4 using the expression 
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of Hastmgs & Sendroy (1927 a) for pKj' of phosphoric acid 
The work of transference of other phosphate ions has been 
taken as neghgible 

In this way it is estimated that 

-AF= -130-163= -293 cal , 
the first term refers to the transference of salts and 
the second to the transference of water The sahva 
IS therefore not a dialysate m equihbnum with 
serum as its formation requires a small but definite 
supply of energy HTiether this can be obtamed from 
the work of ultrafiltration done on the sahva or 
whether it must be supphed through the metabolism 
of the gland itself is a problem for further mvesti 
gation 

SUlVniARY 

1 The composition of the mixed and parotid 
sahv'aiy secretions of the sheep has been studied 

2 The dry matter, 1 0-1 4 g /1 00 ml , of both 
fluids was mamly morgamc but contamed small 
amounts of mtrogen, 9-36 mg /lOO ml The mixed 
secretion usually appeared to consist largely of 
parotid saliva The concentrations of total salts m 
the latter, 180mequiv/l, and of the principal 
cations, sodium and potassium, were similar to those 
occurrmg m serum The concentrations of the amons, 
of bicarbonate, and ofpho^hate and chlonde, were 
approximately four times, fifteen times and one- 
sixth respectively as much as those obtamed m the 
serum 

3 The carbon dioxide content of the parotid 
sahvm, mixed secretion and rumen hquor was found 
to be 233, 26-200 and 40-170 ml /lOO ml , re 
spectively Tlie parotid sahva had an average pH of 
8 2 and was calculated to be actuaUj'^ secreted with 
a pH of 8 1 

4 The amount of sahva formed by a smgle parotid 
gland ranged from 930 to 1840 ml m 24 hr 

I must thank Dr A T PhiUipson, Unit of Animal Physio 
logy, Cambndge, for cannnlatmg the parotid ducts of the 
experimental ammals and for his contmued help and en 
couragement in this mvestigataon 
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Studies m Vitamin A 

6 CONVERSION IN VIVO OF VTTAMIN A ALDEHYDE (RETINENE,) TO VITAMIN A^ ' 

By J GLO^’ER, T W GOODWIN and R A MORTON 
Department of Btochemtslry, Umvereity of Liverpool 

* {Received. 19 December 1947) 


Retmenej is a fairly stable protein free substance 
first obtained from rhodopsm (visual purple), the 
photolabile chromoprotein of the dark adapted 
retma It has recently been sliown to bo the aide 
hyde of vitamm Aj (Morton & Goodwin, 1944 BaU, 
Goodwin A Morton, 1948) Chemical methods for its 
preparation have been described (Himter A Haw- 
kins, 1944, van Dorp A Arens, 1947), and a very 
simple method, m which a solution of vitamm Aj 
alcohol m light petroleum is left to stand over 
powdered pjTolusite in the cold (Ball et al 1948), has 
mode it easily accessible 

Tlie present paper is concerned with the fate of 
retmenei when presented to body tissues other than 
the retina In particular, it was desired to find out 
whetlier it possessed per se vitamin Aj activity The 
substance, in a preparation containing no detectable 
vntamin Aj but some 76% of retmenoi, has been 
admimstered orally and parenterally to vntamin Aj- 
depleted rats It has been found to be easily con- 
vertible to vntamm Ax, particularly m the gut wall 

EXPERIMENTAL 

, Retiiiene^ 

Preparation and storage Vitamm Aj aldehyde was pre 
pared bj the method of Ball tl al (1948) The material used 
had been purified by chromatography and contamed about 


76% of the pure aubstanoe, but unchanged vitaimu Aj could 
not be detected Bpeotrophotometncally It was stored as 
a solution m light petroleum at 0° in the dark, under which 
conditions it was qmte stable 

Sduhon in oil A known quantity of refined ground nut 
oil was added to a measured volume of tho stock letmene 
solution m hght petroleum The volatile solvent was removed 
by warming under reduced pressure The resulting solntion 
m oil was used for oral administration 
Sdution in propylene glycol A similarly prepared solution 
m propylene glycol was administered intrapentoneally 
Determination The amounts of retmenoj administered 
were determined by speotrosoopio metbods using the 
absorption maxima at 368 rap. (cyclohexane solntion) and 
604 mu (SbClj colour teat) followmg Ball et al (1948) 
Similar methods uamg the ultraviolet maxima at 326 mp 
end the visible maximum at 617 mji (SbClj colovir test) were 
used for vitamin A, For the few extracts m which vitamin 
A, and retmenci occurred together, the correction procedure 
of Morton & Stubbs (1948) was applied to the ultraviolet 
absorption curves so as to determine both constituents 

Animals 

Preparation for tests Twenty five newly weaned rats were 
depleted of vitamin Aj Because of a shortage of nee starch, 
the diet low m vitamm Aj which was previously used (Glover, 
Goodwm & Morton 1947 a) was modified by mtiiodnung 
boiled potatoes m place of nee starch The cooked potatoes 
contamed very amall amounts of provitamin A (mainly as 
/? carotene) Careful analyses show^ that each rat may haie 
received the equivalent of 2—3 lu /day of pro vitamm A- The 
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diet contained enough provitamin to ward oEF frank de 
fioienoy, but too httle to delay depletion of the small hver 
reserves After 21—28 days, the rats had become almost 
stationary m veight, and, when the two largest ammals were 
lulled, the hpids extracted from hvers and mtestmes gave 
negative Carr Price tests for vitamin Aj 

Admimslralwn of rehnene^ {a) Oral Retmenej (1-8 mg ) 
m od was given either by drops from a oahbrated syrmge mto 
the hack of the mouth, or through a fine rubber catheter, 
mtemal vol 0 2 mL, direct mto the stomach For the more 
quantitative work exactly 1 ml of oil solution was placed m 
a small flask, and c 0 7 ml was withdrawn mto a 1 mL 
syrmge, which was then at once connected to fhe rubber 
catheter which had previously been inserted into the rat’s 
stomach As much as possible of the od was expelled from 
the syrmge, and the catheter was then carefully withdrawn 
whde still connected to the syrmge The syrmge and catheter 
were then washed with ether and the nnsmgs added to the 
0 3 ml m the flask. The retmene m the flask was then deter- 
mmed and the amount given to the animal calculated by 
difference The method was convenient for administering 
c 0 6 ml of ody solution The dose of retmencj was varied by 
adjustmg the concentration of solute rather than the volume 
of solution Groups of 3-6 animals were used at each dose 
level, and the mdividuals were kdled at definite mtervals of 
time after dosmg 

(6) Parenteral Each rat m two groups of three each was 
given 1-6 mg retmenej m 0 5 ml of od by subcutaneous 
mjection Two rats were given 4 2 mg retinenei m 0 6 ml 
propylene glycol by intrapentoneal mjeotion All eight 
animals grew normally and showed no dl effects 


tamed vitamm Aj with no trace of retmenej These 
results mdicate that the vitamm Aj aldehyde was 
reduced to vitamm Aj alcohol immediately on 
absorption mto the mtestmal mucosa The re 
duction must have taken place extremely rapidly, as 
no trace of the retmene was detected m the extract 
from the mtestmal tissue 



Preparation of tissue extracts 

The hver, stomach and small mtestme were removed from 
the anaesthetized ammal The stomach and the small m 
testine were separately flushed with sahne, and the contents 
with the washmgs were retamed for exanunation The 
tissues (e g hver) were ground m a mortar with c 6 times 
their weight of anhydrous NojSO, and a httle acid washed 
sdver sand, and thoroughly extracted with redistdled ether 
(Glover ei al 1947 a) Betmenej is unstable m the presence 
of concentrated alkah, and saponification has therefore to 
be avoided In the extraction of macerated and dried 
mtestmal tissue, addition of a httle ethanol promotes 
filtration through the smtered glass funnel (G4), which is 
otherwise liable to become clogged 

The contents of the stomach and mtestmes were trans 
ferred to a mortar and tnturated with ethanol (10-20 mL) 
The mixture was then extracted with ether m a separatory 
funnel 

The hpid extracts were always freed from ether and taken 
up m a known volume of chloroform or cyclohexane 

RESULTS 
Oral administration 

In the animals which received the retmenej by 
mouth, the contents of the stomach and the small 
mtestme often contamed unabsorbed and unchanged 
vitamm Aj aldehyde but no trace of vitamm Aj On 
the other hand, the mtestmal wall and the hver con- 


Fig 1 Absorption spectra of hpid extracts (m cyclohexane) 
of tissues of a rat killed 24 hr after dosmg with 8 0 mg 

retmenej m 1 0 ml oil Retmenej (max 368 my ) 

(1) stomach contents, (2) contents of small mtestme 
Vitamm Aj (max, 328 mp ) (3) gut wall, (4) hver 

Fig 1, which records the absorption spectra of the 
various, extracts m a typical experiment, shows the 
clear-cut nature of the results The absorption 
curves for the hver and small mtestme show maxima 
at 328 mp , characteristic of vitamm Aj , whilst those 
for the contents of the stomacli and mtestme hai e 
maxima at 368 mp , characteristic of vitamm Aj 
aldehyde Table 1 summarizes the results obtamed 
in this senes of experiments The excellent recoveries 
of vitamm Aj m the animal as shown by the quan 
titative experiments mdicate that retmenej is stable 
m the lumen of the gut and its reduction to vitamm 
Aj alcohol tn vivo must be a very efficient process 
The site of absorption of the retmenej mto the 
mtestme was bnefly mvestigated A rat was given 
a dose of retmenej by stomach tube, and was killed 
after an mterval of 1 6—1 7 hr The small mtestme was 
ligatured at the pylonc spluncter and caecum, and 
was then cut mto four parts corresponding as near 
as could be judged ■with the duodenum, upper half o 
jejunum, lower half of jejunum and ileum Each 
portion of tissue was exammed for vitamm Aj and 
the lumen contents checked for the presence of 
retmenej The results are presented m Table 2 
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COlf^^RSION OF RETINENEi TO VITAMIN IN VIVO 


Expen 

ment 

1 * 


2 » 


3* 


4t 


Table 1 Conversion of retmene^ into mtamin Aj tn the intestine of 

Retinenei recovered 

from Vitatmn A, (pg ) 




Time 

( 

1 

recovered from 



between 


Contents 


— 


Dose of 

dosmg 


of small 

Wall of 


Rat 

retinonej 

and test 

Stomach 

mtestme 

small 


no 

(Mg) 

(hr) 

(Mg) 

(Mg) 

mtestme 

Liver 

2I 

Nil 

Controls 

— 

— 

Nil 

Nil 

3 

4000 

24 

Nil 

Nd 

661 

1072 

4 

8000 

4 

4610 

91 

18 

08 

e 

8000 

7 6 

4183 

4 

80 

438 

6 

8000 

10 

2003 

240 

141 

1619 

7 

8000 

24 

709 

141 

724 

2405 

8 

2000 

6 

162 

09 

103 

618 

9 

2000 

10 

4 

2 

60 

657 

10 

2000 

16 

21 

0 

03 

689 

11 

2000 

20 

1 

0 

47 

726 

12 

2000 

25 

1 

0 

43 

639 

13 

1054 

6 

821 

0 

10 

04 

14 

1887 

8 

1080 

0 

126 

646 

16 

1732 

16 

0 

4 

176 

1070 


• Retmene admiiuatered orally as drops of oil solntion 
•f" Retmene mtrodnced by stomach tube 


the rat 


Total recovery of 
rotmonoi + vitamm Aj 
^ 


(Mg) 

Percentage 
of dose 

■ Nil 

— 

1023 

41 

4817 

60 

4705 

69 

4063 

^ 61 

4009 

61 

842 

42 

623 

31 

803 

40 

773 

39 

683 

29 

895 

86 

1761 

93 

1249 

72 


Table 2 DistnbtUion of the absorption of retiwencj 
along the amall intestine of a rat killed, 17 hr after 
receiving 1 mg in oil by stomach tube 


Retmene^ in 
intestum 
contents 


Dnodennm 0 

Jejunum Upper half 0 

Lower half 0 

Henm Trace 


Vitanun Ai m 
intestinal woll 
(pg) 

6 

16 

38 

129 


It -was further of interest to determine if the 
vitamin Aj^ formed m the gut -wall became estenfied 
on its way mto the blood stream Light petroleum 
solutions of the hpid e-vtraots from the mtestinal 
tissue of rata 14 and 16 were exammed chromato 
graphically usmg a bone meal column In the 
e-vtract from rat 14 there were 6 parts of estenfied 
vitamin Ai to 1 part of free -vitaiiun Aj , and m rat 16, 
3 jmrts of ester to 1 part of alcohol 


Parenteral administration 

Tlie tliree mtanim Aj depleted rats m the first 
group mjected with 4 2 mg of retmene concentrate 
dissolved m 0 6 ml of refined ground nut oil were 
killed after mten als of 1 day, 6 days and 6 weeks 
respectively after dosmg La each case only vitamm 
Ai was foimd in the hver Tliis suggested, on first 
thought, that the hver is the locus of conversion of 
injected rotmonej, but an exatmnation of the site of 
mjoction proved otherwise The surroundmg sub 
cutaneous tissues were not exammed m detail for 


rate 17 and 18, but from their bnght yellow colour 
obviously contamed large amounts of unabsorbed 
retmenej The tissue near the pomt of injection m 
rat 19 had m 6 weeks become pale yellow The pig- 
mented portion of tissue was therefore dissected out 
and extracted Analysis of the extract by the Carr- 
Pnee reaction showed that only vitamm A^ was 
present There was no trace of a reaction product 
with an absorption band at 064 mp , i e retmenOj 
was absent This observation clearly mdicates the 
presence m the subcutaneous tissue of an enzyme 
capable of convertmg -vitamm A^ aldehyde mto 
vitamm Aj alcohol 

The rats m the second group of three were each 
given 3 6 mg of retmene^ concentrate Two of the 
animals were killed 3 weeks after dosmg and the 
third 4 weeks later The Buboutaneous tissue and 
hver -weremeach case exaimnedasbefore for residual 
retmenoj and for -vitamm Aj The results are sum 
manzed m Table 3 and confirm the conclusion 
already reached In the case of rat 2 1 , both retmenej 
and -vitamm A^ were found m the subcutaneous 
tissue The ultra-violet absorption spectrum of the 
extract m cyclohexane is recorded m Fig 2 (curve 1) 
Usmg the -vitamm A correction procedure (Morton & 
Stubbs, 1946), the true contribution of -vitamm Aj 
m the extract was calculated (curve 2) Subtracted 
from the whole (curve 1 ) this gave the absorption due 
to retmenej plus some irrelevant absorption (curve 
3) The co-existence of retmene^ and vutamm Aj m 
the subcutaneous tissue is clear proof that the re 
duction of the aldehyde to the alcohol can take place 
there 



Extinction 


112 


J GLO'V^R, T W GOODWIN AND R A MORTON 


1948 


Table 3 Rediiclion of rcftnenc^ {vitamin A-^ aldehyde) to vUamin Aj alcohol in subcutaneous tissue 
of vitamin A^-depleted rats, esterification in situ and liver storage 


Dose of Time Eecoveiy from subontaneous tissue 

retmenej between f >• 


Expen 

Kat 

injected 
m od 

mjection 
and test 

Retmenej 


Vitamm Aj (pg ) 


Vitamin A, 
in liver 

ment 

no 

(/ig) 

(days) 

(gg) 

Total 

Ester 

Free 

(fig) 

6 

17 

4200 

11 

Observed as deeply 




- 

64 


18 

4200 

6f 

stained tissue 



■ ■ 



600 


19 

4200 

36 

0 

446 

— 



1618 

7 

20 

3500 

21 

0 

311 

214 

71 

739 


21 

3500 

21 

201 

714 

631 

71 

1264 


22 

3500 

49 

0 

200 

190 

200 

1176 / 


Portions of the subcutaneous tissue extracts from 
this series of rats were dissolved m hght petroleum, 
and exanuned chromatographically usmg a bone- 
meal column A considerable portion of the vitamm 
Aj was found m the eatenfied form Thus, the sub- 
cutaneous tissue fluid contams, in addition to a 
reductase, an esterase or hpase capable of esteniymg 



Wave length (mpl 


Fig 2 Absorption spectrum (1) of the bpid extract (m 
cyclohexane) from the subcutaneous tissue of a rat, 21 days 
aftermjeotion with 3 5 mg retmenOim 0 6 ml ground nut 
oil, together with the corrected vitamm Aj curve (2) and 
difference curve (3) with maximum at 308 mp (retmenej 

free vitamm A^ This is comparable to the findings of 
Sclibnheimer & Yuasa (1929), who had previously 
noted that free cholesterol mjected subcutaneously 
becomes estenfied on absorption As with the 
administration of retmenej by mouth there is no 
mdication’that the liver has any opportunity to 
effect the reduction 

With mtraperitoneal admmistration the result 
was much the same The livers of the two rats, killed 
24 and 36 hr after mjection, were found to contam 
491 and 636 pg of vitamm A^ respectively Un- 
absorbed retmenoj was observed m the peritoneum 


DISCUSSION 

In Exp 3, Table 1, where smaller doses of retmenej 
were administered (rats 8-12), the amount of 
vitamm Aj m the gut wall diminished rapidly after 
absorption from the lumen was complete This fact, 
together with the failure to detect retmenei m either 
the gut wall or the hver, shows that the retmenoj is 
immediately converted to vitamm Aj on absorption 
mto the gut 

The accumulation of vitamm Ai m the gut wall 
dunng active absorption (rats 4-7, Table 1) shows 
that entry of retmenej mto the mucosa, and its con- 
version to vitamm Aj , are rapid processes compared 
with the transport of the vitamm away from the gut 
wall 

The mode of absorption of retmenej appears to 
be very similar to that of vitamm (Popper & Volk, 
1944) Absorption can occur readily along the whole 
length of the small mtestme, but normally does so m 
the duodenum In the experiment referred to m 
Table 2 the retmenci m 0 6 ml oil was fed to the 
fastmg animal by stomach tube, and 17 hr after 
dosmg a small amount of imabsorbedfet contammg 
a little retmenci had passed well down mto the 
ileum Under these conditions retmensj is apparently 
very stable m the digestive flmds Tiiis was con- 
firmed by the excellent recovery of vitamm A^ m 
rats 13 and 14, Table 1, which received accurately 
measured doses of retmenej 

In these quantitative experiments, where retmenej 
was fed by stomach tube, the recovery as vitamm Aj 
was exceedmgly high (70-90 %) This is very much 
better than the recovery expected after dosmg with 
vitamm Aj itself Accordmg tp Reifman, Halhnan & 
Deuel (1943) the recovery of vitamm A^ at low 
dosage levels IS only c 30%,. Gray & Cawley (1942) 
recovered from 40to70%of different preparations 
of vitamm Aj admmistered to rats m moderate daily 
doses (c 100-600 1 u ) A -control experiment was 
earned out to estimate the recovery of single doses 
of -vitamm Aj ester given by stomach tube at doses 
matchmg those in Exp 4, Table 1 Each of four 
young rats (not -vitamm Aj depleted but -ivith low 
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Table 4 Becovcry of vtfamtn Ai esler adfmntstcred 
tn single doses by stomach tube 

Percentage of dose recovered 


Dose of 


Vitenun Ai recovered from 


Bat no 

VlMlllUU 

in 0 5 ml oil 
(f*g) 

r — 

Intestine 

(gg) 

23 

1613 

22 

24 

1699 

14 

25 

1451 

20 

26 

1888 

38 


hver Estores, 30 fig /rat) was dosed, with c 1 6 mg of 
vitamm Aj ester concentrate m 0 6 ml oil The 
recovery of the vitamm from the ammals killed 
25 hr after dosmg ranged from 17 to 37 % (Table 4) 
It IS worth notmg, therefore, that if large hver stores 
are a therapeutic objective, retmenej is better than 
vitamm for attammg that end 

Thea&sorption ofretmena^ from the subcutaneous 
tissue resembles that from the gut wall, except that 
it is very much slower Retmenej has been detected 
21 daj^ after subcutaneous mjection and vitamm Aj 
after as long as 49 daj-s This is not unexpected, as 
the turn over of tissue flmd (lymph) m a small piece 
of skm 18 much slower than m the mtestmal wall, 
which IB specially adapted for absorption The fact 
that the vitamm Aj alcohol, formed from the 
retmene, m the skm, underwent esterification before 
absorption is suggestive that the latter took place 
mainly via the lymphatic system as from the gut 
wan The smulanty m the modes of absorption from 
the skm and the mtestme suggest that the enxymes, 
responsible for the reduction and esterification pro 
cesses, are widespread m the body tissues 
Bliss (1947) has reported the isolation of a soluble 
protem from frogs’ retmaS capable of reducmg 
retmene to vitamm A. Now that tissues other than 
the retma have been shown to contam the same or 
a similar enzyme, it may be possible to learn more 
regardmg the nature of the enzyme m the eye It is 
probably a reductase, because (o) the excellent 
recovery of vitamm Aj from retmenej suggeste that 
ono molecule of the aldehyde gives nse to one mole 
cule of the alcohol, and (6) it is not likely to be an 
oldeliyde mutase which catalyzes reactions of the 
Canmzzoro type, producmg the alcohol and the 
acid, smce vitomm Aj aldehyde contains an activated 
H atom m the a position to the carbonyl group The 
fact that the aldehyde is reduced easily to the 
alcohol, instead of bemg oxidized to the acid, 
favours the view that the alcohol groupmg is 
necessary for vitamm Aj activity 

The oxidation of p carotene tn tn/ro yields a small 
amoimt of rotmenCj (Hunter & Hawkms, 1944), 
winch can be reduced to vntamin Aj m a subsequent 
stage 

The recent work of Sexton, Jlehl A, Deuel (1946), 
Biochcra 1948, 43 


liiver 

(Mg) 

Total 

Liver 

only 

510 

35-7 

343 

267 

16 5 

16 7 

482 

346 

33 2 

679 

36 6 

343 


Glover et al (1947 b), Thompson, Ganguly & Kon 
(1047), Mattson, Mehl & Deuel (1947), and Wiese, 
Mehl A Deuel (1947) has shown that the small 
mtestme is the mam site of the conversion of p 
carotene mto vitamm Aj The earher work of 
Goodwm, Dewar & Gregory (1946) also suggests that 
m the goat the mtestme is capable of carrymg out 
the conversion In the light of all this evidence, 
together with the present observationB, there is no 
longer any difBoulty m acceptmg the suggestion that 
the transformation of jS-carotene to vitamm A in 
VIVO can take place by oxidation of the former to 
vatamm Aj aldehyde, which is subsequently reduced 
to the vitamin Aj alcohol Such a process of oxida 
ticm and reduction is more probable than a hydro 
lytic fission 

SUMMARY 

1 Retmenej (vitamm Aj aldehyde) administered 
to rate orally, subcutaneously, or mtrapentoneally 
is converted mto vitamm Ajdurmg absorption This 
suggests that the alcohol group (either free or esten- 
fied) of vitamm Aj is essential for its transport and 
storage 

2 After oral admmistration the conversion takes 
place m the gut, and after subcutaneous mjection m 
the subcutaneous tissues The site of conversion after 
mtrapentoneal mjection is imcertam 

3 There is no direct evidence that the hver can 
convert retmenej to vitamm Aj 

4 The conversion represents a simple reduction 
of the aldehyde 

5 The extracellular spaces of subcutaneous tissue 
contam an enzyme capable of estenfymg vitamm Aj 
alcohol 

6 It IS suggested that the transformation of p~ 
carotene mto vitarmn Aj tn mvo is more likely 
achieved by oxidation of the former to retmenej, 
which IS then rapidly reduced to vitamm Aj, rather 
than by hydrolytic fission 

We are indebted to the Medical Research Council and the 
Ministry of Food for financial assistance One of ns (J Q ) 
held a Sfuagrave Stndentahip of Queen’s University, Belfast, 
and a Senior Research Award of the Northern Ireland 
Oovemment. 
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The Composition and Reactivity of Medullated Keratins 

By S BLACKBURN, TFooZ Induslnee Research Association, Torndon, Leeds 

{Received 27 December 1947) 


One of the features wluch distinguishes the coarser 
wools from the finer mermo types is the presence of 
a medulla AVliereas the finer wools consist only of 
a cortex and outer scaly structure, the coarser wools 
contam also a medulla The chemistry of wool and 
other keratms has been fauly mtensively studied, 
but, apart from the considerable evidence wluch 
suggests a low sulphur content, relatively httle is 
known about the composition of the medulla 
Barritt & Kmg (1931), from a comparison of the 
sulphur contents of medullated and non medullated 
wools, calculated that the meduUa substance con 
tamed httle, if any, sulphur Jordan Lloyd & 
Marriott (1933) found that the medullary cells of 
goat hau, after separation by treatment with 4 n- 
sodium hydroxide at room temperature, contamed 
only 0 23 % sulphur Bekker & Kmg (1931) showed 
that the medulla dissected from porcupme quiU con- 
tamed less sulphur than the cortex The absence of 
oystme from the medulla was inferred from the 
appearance of cross sections of the qmU stamed with 
soium plumbite 

Bailey (1937) observed that scoured samples of 
kemp, which is a heavdy medullated fibre, and to a 
much lesser extent wool, had a low cystme content 
One such sample of kemp contamed less than 2 % of 
cystme He concluded that the cystme ongmaUy 
present had been destroyed, probably durmg the 


scoimng process The C 5 ’ 8 tme of kemp would there 
fore appear to be much more readilj attacked by 
mild alkalis, 1 e the scouring hquor, tlian that of 
other keratms 

Stoves (1946 a, b) has recently studied the medulla 
cells of a number of animal fibres, isolatmg them 
from bleached hoi^e hair and other keratm fibres by 
chemical treatment Obsen'^ation of the change m 
appearance of the cells when treated with a 
1 % tanme acid solution, 0 1 % sodium oleate 
or 1 % sapomn suggested that the surface of the 
meduUa cells contamed a hpoprotem cholesterol 
combmation Stoves further showed that when 
the medulla epUs were refluxed with ethanohe 
sodium hydroxide the solution gav^e a positive_ 
reaction for phosphate, whilst a chloroform ex- 
tract of the solution gave a positive reaction for 
sterols 

In the present paper the sulphur analyses of wool 
and kemp wluch had been scoured m the laboratory,, 
and wool which had been scoured on a commercial 
scale, are compared with those of the same wool 
which had been degreased with solvents The results 
of phosphorus determmations on a number ofmedul 
lated and non medullated keratms, and the ex 
animation of hydrolysates of medulla by two 
dimensional partition chromatography are also 
given 
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METHODS 

Maleridli All the keratins were first extracted with 
benzene, then with ethanol m a Soxhlet, repeatedly rinsed m 
water and dried m air The medulla cells of wool fibres were 
isolated by the technique of Jordan Lloyd A, klamott (1933) > 
those of feather rhachis and porcupine quill by dissection 
Kemp fibres were separated from wool fibres by hand 
Analyses Total sulphnr estimations on keratms were 
earned out by the Benedict Denis method (Bamtt, 1934), 
disulphide S and thiol S estimations by Shmohara's (1935, 
1036) methods, methionine by Baernstein’s (1930) volatile 
iodide method, phosphorus estimataons by Knttner A, 
Lichtenstem’s (1930) method (see Gortner, 194S , Bnrmaster, 
1946) Analvtical results are given as a percentage of the 
drv weight of the keratm Qnahtative amino acid eiamma 
tion of the keratins was earned out by two-dimensional 
partition chromatography on paper (Consden, Gordon & 
Martm, 1944) The keratins were hydrolyzed for 34 hr with 
6 X HCI excess acid bemg finally remoi ed by distdlation in 
'lacuo The chromatograms were run in colhdine for 2 days 
and then m phenol ammonia for 1 day 

Bcounng methods Port of a Eadnor fleece, contaming a 
large proportion of kemp, and a sample of 64’s Cape wool 
were sconred m the laboratory, the tips of the Cape tvool 
fibres being out off as a prehmmary step The samples were 
treated with a solufaon containing 0 2% soap and 01% 
Na CO, for 3 mm at 47“ After passmg through rollers, the 
wool was again treated with 0 1 % soap solution for 3 mm. at 
47°, agam passed through rollers and air dned Samples 
were also taken of wool at vanous stages during its passage 
through a commercial eoounng set A 70*8 quality Australian 
greasy wool was scoured m a five bowl set In the first bowl, 
the wool was given a water steep The second bowl contained 
jSfsjCOj, the third soap and JCajCO,, the fourth soap, the 
final nnse being earned out m the fifth bowL Hourly 
additions of soap were made to the third and fourth bowls, 
and the hquors were blown back at the "fend of a run m the 
usual way The temperature of each bowl was taken durmg 
the run, and samples of the Uquor removed for subsequent 
pH determination with the glass electrode Samples of 
wool were removed before scouring, as it emerged from each 
bowl and aEer passage through the dryer The samples were 
removed shortly after the start of a run, so that the bqnor 
in the bowls was probably in the most alkaline condition and 
the grease content low )^fore analysis, they were extracted 
with light petroleum, then with ethanol, nnsed in water and 
dried 

RESULTS 

The phosphorite content of kerahne 

Table I giv es the phosphorus content of a number of 
medullatod and non medullated keratins None of 
them contains more than a very small amount of 
phosphorus, winch is possibly denied from smnU 
araoimts of sumt winch hai e not been remov ed by 
the purification procedure employed, and shown by 
Fronoj (1934) to contain phosphates Some support 
for this view is giv en bj the fact that non medul- 
iated wools may contnm as much phosphorus as 
medullated wools and keratms 


Table 1 The phosphorus content of keratins 


Ehosphoros 

Keratm (% of dry wt ) 

Blackface wool 0 020 

“Welsh mountam wool 0 015 

Deccam wool (Poona) 0 021 

Horsehair (Argentine black mane hair) 0 039 

Kemp from Radnor fleece 0 022 

Cape 64’8 menno wool* 0 021 

New Zealand 58’b crossbred wool* 0 023 

Blackface wool medulla , <0 02 

Poroupme qmll cortex 0 011 

Porcupme quill medulla 0 002 

Hen feather 0 01 8 


* A non medullated keratm 

The present results enable an upper limit to be 
assigned to the phosphorus of keratms present as 
phosphatide The medulla constitutes only a small 
proportion of the total weight of wool Bamtt & 
Kong (1931) found 6 6 % by microscopical obsem a- 
tions , Jordan Lloj'd & Alamott (1933)13 6%m goat 
hair by isolation K wool possesses the hpoprotem- 
cholesterol complex only on the surface of themedul 
lary cells, its phosphorus content shoidd be lower 
than that of the medulla Such cells, isolated from 
blackface wool m amounts of 5-10 mg , after di 
geation with sulphuric acid, contained no pho^horus 
detectable by the Kuttner & Lichtenstein (1030) 
procedure By this method, very small amounts 
(< 0 02 % on the weight of the medulla) should have 
been detected 

These results are m contrast to those of Stoves 
(1946 a, 6), who obtamed a ‘positive tartaric acid- 
ammomum molybdate benzidme reaction ’ for phos 
phate on an extract prepared by refluxmg medulla 
cells with 10 % ethanohe sodium hydroxide for 5 hr 
It IS difficult to explam the difference between these 
two results, unless the hpoprotem cholesterol com 
plex 18 only found m a very few types of medullated 
fibres Similar amounts of medulla cells of the 
rhachis of hen feather also contained no detectable 
phosphorus, and the medulla of porcupme qudl only 
a small amount In contrast, the cortex of the qmll 
had a definite phosphorus content The rev^erse 
would be expected if the medulla contamed appre 
ciable amounts of hpoprotem It is mterestmg that 
medullary cells isolated from the rhachis of hen 
feather, or from poroupme quill by dissection, do not 
show the svrellmg and other reactions on treatment 
with taimic acid and sodium oleate observed by 
Stoves on medulla cells from Kohnskj fibres 

The cystine content of sconred keratins 

Table 2 compares the analj-ses of the laboratory - 
scoured wool and kemp with those of the solvent 
degreased specimens The surulanty of the analyses 
mdicates that the laboratory method of scourmg 

82 
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causes little destruction of the combmed cystine of 
wool and kemp A similar conclusion can be drawn 
from Table 3, which gives the analyses of com- 
mercially scoured wool, the oystme sulphur and 
total sulphur contents of the wool after treatment 
m the various bowls of the scoum^ set are similar 
to those of the ongmal wool The cystme of wool thus 
seems to be stable to a commercial scouring process 
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often shows no detectable amoimt of lanthionine 
Schoberl & Rambacher (1940) have suggested that 
the e'rtent of damage by scouting might be deter 
mmed by comparing the total sulphur with the 
cystme content This suggestion should be treated 
with caution, smce their criterion cannot be upheld 
m the present instance 


Table 2 The sulphur analyses of laboratory - 
scoured and solvent degreased wool and hemp 


(Results as percentage of protein weight) 


64’s Cape wool 
(o) Scoured 
(6) Solvent degreased 

Radnor kemp 
(o) Scoured 
(6) Solvent degreased 


Total 

Oystme 

Methio 

S 

S 

mne S 

3-46 

3 14 

012 

3 48 

3 09 

0 12 

3 10 

246 

0 22 

324 

2 46 

0 22 


The amino-acid composition of medulla from heratins 

In view of the evidence that the medulla of wool 
and porcupme quiU has a sulphur content different 
from that of the cortex, two dimensional chromate 
grams were run on acid hydrolysates of medulla to 
obtam some idea of their ammo acid composition 
Tlie chromatogram derived from the m^ulla of 
blackface wool differed from that of normal wool 
For the medulla, the spots correspondmg to glutamic 
and aspartic acids were strong, as were those corre 
spondmg to the basic ammo acids The leueme spot 


Table 3 The sulphur analysts of wool, before, during and after a commercial scour 


Ongmal wool 

Temp of bowl 
(”) 

pH of bowl 

Totals 

(%) 

3 48 

Oystme S 
(%) 

2 97 

Wool emergmg fix)m let bowl 

62 

9 85 

3 63 

. 3 02 

2nd bowl 

48 

10 36 

3 52 

2 88 

3rd bowl 

48 

10 70 

3 46 

2 82 

4th bowl 

40 

940 

3 48 

2 96 

6th bowl 

38 

^96 

3 50 

2 92 

Wool emergmg from dryer 

— 

— 

348 

2 91 


These results contrast with those of Bailey (1937) He 
found that while wool and kemp, ohtnmed from the raw 
fleece which had been degreased with solvents, gave analyses 
in which 9S-99 % of the total sulphur was accounted for ns 
cystme and methiomne, only 90 % of the total sulphur of 
scoured wool could be accounted for m this way, and only 
36 % m the case of scoured kemp The present scoured kemp 
sample m particular does not show the stnkmgly large per- 
centage of sulphur which is not present as oystme or me 
thionme shown by Bailey’s sample Unfortunately, Bailey’s 
analyses were earned out on different specimens of wool and 
kemp, the scoured and solvent degreased samples bemg 
derived from different sources and possibly bemg of different 
types Unless this author’s kemp had received exceptionally 
severe damage dnrmg processing, its unusual analysis can 
probably be attributed to some other cause than aUtah 
damage dunng soounng 

Virgm wools and other keratms which have been 
degreased with solvents, and show no obvious signs 
of damage, often con tarn varymg amounts of sulphur 
wlucli IS not present as cystme or methiomne Bailey 
similarly found that 6 % of the sulphur of edestm 
and 7 % of the sulphur of ghadm could not be 
accounted for m this way This sulphur does not 
seem to be derived from lanthionme, winch might bo 
formed by the action of alkah on the combmed 
cystme, smce two dimensional partition chromato- 
graphic analysis (Consden et al 1944) of such wools 


was very strong, but those of the remammg ammo- 
acids were weak Smular chromatographic analysis 
was made on the medulla of porcupme quill The 
spots correspondmg to glutamic acid, leueme, valme, 
alarune and glycme were very strong, those of the 
remammg ammo acids bemg very weak, many not 
bemg present m suflficient amount to give a readily 
observed spot The cliromatogram given by the 
cortex of the same qudl (the quiU tip) differed greatly 
from that of the medulla and closely resembled that 
given by normal wool Analysis showed the medulla 
of a porcupme qmU to contam 0 66 % of disul 
phide -f thiol S, as compared with a value of 1 47 % 
for the cortex, which had a total sulphur content of 
1 % (Bekker & Kmg (1931) found that tlie 

medulla of porcupme quills had a total sulphur con 
tent of 1 24 % as compared wnth a value of 1 60 % 
for the cortex ) 

DISCUSSION 

FreviouB work had mdicated that the medulla of 
keratins has a lower sulphur content than tlie 
cortex The present results support this conclusion 
and provide evidence that the medulla differs m 
composition from the cortex with respect to other 
ammo acids The cystme of a heawly medullated 
kemp fibre, however, considered as a whole, does not 
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seem to differ from that of a normal keratm in ita 
stability to the alkalis usbd m scourmg On the 
other hand, the treatment with sodnim hydroxide 
used m isolatmg the medulla from wool probably 
mvolvea some chemical degradation (Jordan Lloyd 
&, Marriott, 1933, Stoves, 1046 c) The very low 
sulphur content of the medulla of goat hair, found 
by Jordem Lloyd & Marriott (1933), may in part be 
due to the destruction by alkah of any cystme 
present The medulla of porcupme qudl can be 
isolated without such treatment 

The X ray diagram of medullary cells differs from 
that given by the cortex (RudaU, cited by Stoves, 
I946o) Keratins m general give two types of X ray 
diagram, wool and hair an a keratm diagram, corre 
spondmg to folded polypeptide chams, while feather 
keratm gives a ^ keratm diagram, corxespondmg to 
almost fully extended polypeptide chams (Astbury 
& Marwick, 1932) The X ray diffiaction pattern of 
medulla cells from porcupme qmll shows the presence 
of p keratm and some unidentified material , the 
cortex gives a well defined a keratm diagram 
(MacArthur, 1943) 

The mam polypeptide chams of the medulla of 
porcupme quill are thus m the extended condition, 
m contrast to the folded chains of the cortex, and it 
IB noticeable that the ammo acids which ecte pre 
dominant m the former are those with non polar, 
often short, side chams, i e glycme, alanme, vahne 
and leucme This might suggest that one factor 
favouring the a or ^ keratm structure m nature may 
bo the proportion of ammo acids with relatively 
short side chams present Astbury has pomted out 
that the structure of feather keratm may be thought 
of as mtermediate between the structure of hair 
keratm (folded polypeptide chains) and that of sdk 
fibrom (fully extended polypeptide chams) The 
latter protem contains a large proportion of short 
(glycme and alanme) side chams, and hence the 
polypeptide chains con pack closely together and 
assume an extended form In a keratm, which has 
a large number of polar side chams, the polypeptide 
chain assumes a folded configuration As a generah- 
zation, it IS possible that p keratins contam a higher 
proportion of ammo acids with short non polar side 
chains than a keratins, and that the larger pro 


portion of longer side chams favours the a con- 
figuration The chromatographic analysis of porcu- 
pme quill tip (a-keratm) and tortoise shell and snake 
skm, both of which give a p keratm X ray diagram, 
lent some support to this idea Tortoise shell seems 
to he richer m glycme, alanme, vahne, leucme, serme 
and tyrosme than porcupme qmll tip, whereas snake 
skm was richer m glycme, alanme, serme and 
threonme 

The difference between the reaction of the 
medulla sind cortex of wool fibres towards 4 n- 
sodium hydroxide is probably largely dependent on 
structural differences The cortex of porcupme quill 
18 sirmlarly attacked more rapidly than the medulla 
When pieces of quill are immersed m 4 n sodium 
hydroxide at room temperature, a considerable part 
of the cortex has dissolved after 24 hr , leavmg the 
medulla largely mtact In 3 days, however, a con 
siderable part of the medulla has also dissolved 
Similar differences were observed between other 
keratins Thus a SB's New Zealand wool was almost 
completely dissolved m a few hours, while duck 
feathers were largely undissolved In general, the 
keratm structure with the a configuration is attacked 
most rapidly It may be that the fully extended 
polypeptide chams of the medulla can pack closer 
together than those of the folded chams of the 
Cortex, and are less accessible and less affected by 
reagents such as sodium hydroxide 

SUMMARY 

1 The phosphorus content of a number of medul- 
lated and non medullated keratins, and of the 
isolated medulla of keratins, has been measured 
Hone contains more than traces of phosphorus 

2 The combmed cystme of a medullated keratm 
(kemp) or a normal wool is stable to the alkah 
employed m scourmg Two dimensional peirtition 
chromatography mdicates that the meduUa of wool 
and porcupme quiU differs greatly from the cortex 
m ammo acid composition 

The author would like to express bia thanks to Dr H. 
Phillips for bis interest in this work and to Dr L P Storey 
for the analyses of the conunercially scoured wool Thanks 
are also due to thcDirector and Council of the Wool Industries 
Research Association for permission to publish this paper 
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Studies on the Liver Catalase of Normal and Cancerous Rats 
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Althoiigh the m\ estigation of the systemic effect* of 
mabgnant tumoxirs is hkely to constitute a fruitful 
approach to the cancer problem, the difficulty has 
always been the distmction between true cancer 
effects and those of a secondarj’- nature, due to the 
concomitant destruction or impairment of ntal 
organs and their functions, to necrosis, infection or 
suppuration, to haemorrhage and similar accessory 
factors One of the least ambiguous examples of a 
specific S 3 ^temic cancer effect is the dimmution of 
liver catalase acti\nty m a tumour-bearing orgamsm 

This decrease was first described by Brabn (1910), who 
determined the catalase concentration m the hvers of human 
bemgs who had died from i anoua forms of cancer, and was 
recently extensively studied by Greenstem (1942) and his 
associates (Greenstem L Andervont, 1942, 1943, Greenstem, 
Andervont A Thompson, 1942) Their work, which was 
earned out on rats with transplanted subcutaneous tumours 
and on mice with transplanted, spontaneous or mduced 
tumours of vanous kinds, established the following facts 
(1) The decrease of hver catalase is progressive with the 
growth of the tumour The activity may fall to one tenth or 
one twentieth of the normal value within 2 or 3 weeks after 
transplantation of a rapidly growmg tumour (2) The effect 
IS reversible and the hver catalase activity returns to normal 
after excision or spontaneous regression of the tumour Thus, 
in rats from which a transplanted hepatoma had been 
removed the normal hver catalase activity was restored 
almost completely after 24 hr and fully after 48 hr On 
reimplantation of the tumour^ the hver catalase activity 
dropped agam and was agam brought back to normal by a 
second excision (3) Kidney catalase activity is depressed 
much less than that of hver, only m mice with spontaneous 
mammary tumours is it lowered as much as, or more than, 
hver catalase Erythrocyte catalase is apparently not 
affected at aU (4) The fall of catalase activity m the hver 
IS probably due to a decrease of catalase concentration No 
evidence for the presence of a catalase inhibitor could be 
found m tumour extracts or m the hver or serum of tumour 
bearmg rats (6) The effect is specific m a twofold sense 
although a few o^her hver enzymes are also less active os 
a result of a tumour elsewhere, e g D ammo acid oxidase 
(Westphal, 1943) or argmase (Greenstem, Jenrette, Mider & 
White, 1941 , Weil, 1935), the reduction is less stnkmg than 
that of catala se The maj onty of hver enzymes are unaffected 
On the other hand, as far as is known at present, the catalase 
effect IB caused only by cancer In particular, it is not simply 
due to the presence of growmg tissue, smee pregnancy or 
growmg implants of embryomc tissue fail to mduce it 

• Present address Runwell Hospital, Wiokford, Essex 


It IS obviouslj of great mterest to obtam a better under 
standmg of this phenomenon ‘Exclndmg any form of 
radiation from the tumour as too far fetched, the tumour 
may produce the effects noted either by givmg off some toxic 
product to the circulation, or else by abatractmg from the 
circulation some matenal essential to the normal mam 
tenonce of the hv er catalase ’ (Greenstem, 1947) 

The experuneiits to be described were designed to 
test the hypotheses quoted above The elaboration 
of toxic products by growing tumours has often been 
postulated Such an assumption is not unreasonable 
m the face of the extensive degradation processes 
accompan 5 nng an uncontrolled aggressive growth, 
which not only destroys surroundmg normal tissues, 
but m many cases outstrips its own blood supply 
One might therefore expect protem breakdown pro 
ducts, such as proteoses and polypeptides, m the 
circulation, and there is mdeed some evudence for 
this (Wmzler & Burk, 1944) It has been suggested 
that the output of protem spht products by the 
tumour leads to a state of generalized mtoxicatiou 
and is the cause of the cachexia and marasmus of 
cancer patients (Redmg, 1938) The effect ofparen 
teral mjection of foreign protem and of protem 
spht products on the hver catalase of normal rats was 
therefore mvestigated 

If the mvasiveness and unco ordmated growth of 
a tumour results m augmented protem breakdown, 
the high rate of new growth wiU, on the other hand, 
greatly mcrease the demand for nitrogenous bmldmg 
materials It is well known that a growmg tumour 
will satisfy these demands without any regard for 
the welfare of the host, and the decrease m the con 
centration of certam hv^r enzymes may be due to 
lack of Bupphes required for their resynthesis or 
evron to an accelerated ‘meltmg down’ process The 
extent of the latter would depend upon the supply 
of nutrient material, and thus upon the diet 

In spite of the severe secondarj^ anaerma often 
mduced by cancer, the content of iron and copper in 
hver and spleen is usually above normal (Sandberg, 
Gross & Holly, 1942) It is improbable therefore that 
it IS lack of these ions which is responsible for the^ 
decrease m either haemoglobm or catalase It cannot 
be due to simple monition either, smee starvation of 
normal or tumour bearmg rats ( Greenstem, J enrett e 
& White, 1941 b. Miller, 1947) leads to a faU of hver 
catalase activity only m proportion with the decrease 
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of liver proteins generally The fall of liver catalase 
actmtj nuglit, however, be caused by the exag 
gerated protein requirements of a rapidly growing 
tvunour Consequently, the progressive decline of 
liver catalase activity m two senes of cancer besumg 
rate mamtamed on a high or a low-protein diet was 
studied For the high protem diet a content of 
46 % casern was chosen, as tins is sufficient to ensure 
maximal growth, whereas the low protem diet con 
tamed 8% casern, an amount adequate for the 
mamtenance of body weight or even a moderate rate 
of growth m normal rats 

EXPERIMENTAL 
Materials and meihoda 

Animats Rats of both sexes from two mbred strams, 
a black hooded and a brown and white stram, were used at 
the age of 2-3 months, when they weighed c 100-160 g 
Their routme diet consisted of ‘rat oubw’ (North Eastern 
Agnonltnral Co-operative Society, Aberdeen) with an 
approximate protem content of 20%, and of occasional 
supplements of green cabbage leaves The low protem and 
high protem diets had the following composition 

Low protem High protem 


Casern {%) 8 45 

Jlaire ^rch (%) 72 35 

Araclus oil (%) 16 16 

Salta (Wesson, 1032) (%) 5 5 


Water was added to the mixture to make a thick dough The 
following vitamm sapplementa were dissolved m 100 ml 
water aiteurm 6 mg , pyndoxm 6 mg , nboflavm 10 mg , 
calcium pantothenate 20 mg , mositol 200 mg , mcotmamide 
200 mg , oholme chlonde 600 mg The solution (5 ml /rat) 
was added daily to the water used for mixing with the food" 
Once weekly a few drops of cod Uver od were added to the 
ration The average amount consumed dady/rat was about 
16 g Drinking water was Bupphed ad li6dum The rats were 
put on the diet 1 week before their mocnlation with the 
Jensen rat sarcoma 

Strum injections Sheep serum was mactivated by heatmg 
to 66° for 0 6 hr It was then passed through a bactenological 
filter, sealed aseptically m ampoules and stored at 0° Intra 
pentoneal mjections of 2 mk were given dady for 3-4 weeks, 
and were well tolerated. In animals killed only a few hours 
after mjection the mjeoted flmd was usually completely 
resorbed, and there waa no sign of local reaction Five rats 
survivmg after 4 weeks therefore received an mcreased dady 
volume of 5 ml for a further 16-30 days The total amount 
injected thus vaned from 45 to 210 mk of serum per rat 
Smee the results showed no variation nccordmg to the total 
quantity or penod of injections they wore grouped together 

Peptone injeetions A 10% solution of a commercial 
sample of bacteriological peptone was adjusted to pH 7 25 
(glass electrode), and subsequently sterdiied and stored m 
the same waj as serum It gave a \ olummous precipitate on 
addition of saturated (NH,)iS 04 solution, and presumably 
contained proteoses TVo ml were administered daily by 
mtmpcntoneal rejection for 40-S3 dais, correspondmg to 
a total of 80-160 ml of peptone solution HerCj agom, the 
results were grouped together, smcc no difference was 


apparent between animals killed at the beg inn i n g and those 
lolled at the end of the period The peptone rejections were 
not so well tolerated as the serum rejections, resulting re. loss 
of weight and listlessnesa Jleddening and hyperaemia of 
the pentoneal membranes were frequently observed at 
autopsy 

Transplantation of tumours The Jensen rat sarcoma 
{ J R S ) was used for transplantation The original tumour 
was obtained from the Imperial Cancer Research Fund 
Lnboratones Regressions were frequent re the beg innin g, 
but dimmished after a few passages m our strams Although 
a few experiments were performed on rats bearing slow 
growing or regressmg tumours, these were not included re the 
results 

Preparation and standardization of liver extract After 
decapitation and exsangumation of the animal, the liver waa 
removed and a weighed amount (c 7 g if available) was 
thoroughly homogenized with a little distilled water re a 
glass homogemzer (Rotter A Elvehjem, 1930) After adding 
more water, re all three times the weight of hver used, the 
homogenate was left re the refrigerator overnight and was 
then centrifuged at 2600 r p m for 6 min The supernatant 
hqmd was diluted to a volume proportionate to the weight of 
tissue taken, i e 100 ml for 7 g of hver 

It 18 advisable to adjust the extracts to a defimte protem 
content For this purpose Greenstere, Jenrette A White 
(1941 o) estimated the total N of the extract We found it 
more convement to use the rapid colorrmetnc estimation of 
protein with Folre A Ciocalteu’s reagent AR extracts were 
accordingly diluted to a certain value of ‘protein tyrosine’, 
obtained by subtracting the ‘non protein tyrosine’ from the 
‘total tyrosree’ The total tyrosine was estimated re 0 2 ml 
of extract, after addition of 6i< NaOH (2 ml ) and reagent 
(3 ml ), the solution was made np to 50 ml For the esti 
mation of non protem tyrosree, 6 ml of a tungstic acid 
filtrate of the extract were used. The hght absorption was 
determined photoeleotncally with a tncolonr red filter and 
cahbrated with a tyrosree standard. As shown re Table 1 
there 13 a constant ratio between the protein tyrosme and the 
protein N 


Table 1 Content of tyrosme and nitrogen tn liver 
extracts of normal rate 



Total 

tyrosree 

Total N 


Extract 

(mg /ml ) 

(mg /ml ) 

N/tyrosme 

1 

140 

2 010 

2 OS 

3 

1 16 

2 620 

2 19 

3 

1-60 

3 740 

234 

4 

160 

3 612 

2 26 

6 

113 

Protein 

2 316 

2 08 

Mean 2 19 

Extract 

tyrosme 

Protem N 

N/tyrosme 

1 

1 280 

2 826 

2 21 

2 

1060 

2 348 

2 21 

3 

1 442 

3 491 

2 42 

4 

1-479 

3 398 

2 JO 

5 

1 040 

2167 

2 13 

Mean 2 26 


Estimation of calataie activity The catalase activity was 
detemuned by measuring the rate of HjOj decomposition 
colonmetncally with titamum sulphate (cf Eisenbcrg, 
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1943) This reagent was prepared as follows Anhydrous 
titanium dioxide (2 g ) was heated on a sand bath with 200 mL 
of cone HjS 04 165-105° until a clear solution was formed 
(usually 3-4 hr ) After cooling, the solution n ns poured 
mto distiUed water, diluted to 1 I and filtered through 
Whatman no 6 filter paper One vol of the reagent was 
mixed with 9 vol of HjO. solution contaimng 0 006- 
0 06 mg /ml , and the ensumg colour, which was stable for at 
least 24 hr , was measured photoeleotncally -with a blue 
filter A calibration curve was detenmned with a solution of 
HiOj, standardized by Klln 04 titration 

If the concentration of phosphate bufier in the yellow 
solution of pertitamo acid is higher than 0 01 Ji, a turbidity 
may appear This can easdy be avoided by the addition of 

0 1 vol of 10 N H_S 04 without m any way afieotmg the 
colour development In practice this was seldom necessary, 
smee the HjOj concentration was usually sufficiently high to 
require further dilution 

The catalase concentration of a hver extract was tested 
at three different concentration levels at 0° The H,Oj con 
centration was 0 02n m the majority of exponments, the 
solution also contained 0 04 m phosphate buffer, pH 0 8 At 
time 1=0, 1 ml of enzyme solution of required strength was 
added to 60 or 100 ml of H»Oj phosphate buffer solution in 
an ice bath After 3, 6, 9 and 12 min , sometimes also after 

1 min , samples of 6 or 10 ml wore withdrawn and rapidly 
mixed with 0 1 vol of 30% (w/v) tnchloroacetio acid A 
sample of the filtered solution was used for the colorimetno 
assay The mitial value of H,0i concentration was deter 
mined after adding 1 ml of enzyme solution to a sample 
contaimng 60 ml of H,0, buffer solution +5 ml of 30% 
tnchloroacetio acid and filtering The monomolecular 
reaction constant was calculated by the formula 


Hatmoglobtn 

method. 


This was estimated by the Haldane 


fall of the body weight of the host even on 'a high 
protem diet, but this is significantly more severe m 
the rats on the low-protem diet (2) The rate of 
tumour growth is sigmficantly greater on the high 
than on the low protem diet (3) The faster rate of 
tumour growth more than compensates for the loss of 
body weight in the high-protem senes, whereas the 
animals pn the low protem diet show not only a fall 
of bod 5 ’^ weight, but also of total weight (4) If 



Fig 1 Regression (statistical) of tumour weight with time 
High protem diet dots and full hne Low protem diet 
circles and broken Ime The straight hues are the Imear 
regression hues 


RESULTS 

Miff ecis of high and low-protein diets on growth The 
growth rate of turoour-bearmg rats on the high- or 
low-protem diet was determmed by weighmg them 
before transplantation, and agam at death, after 
excision of the tumour which was weighed separately 
From the data m Table 2 the followmg facts emerge 
(1) The growth of the tumour is accompamed by a 


tumour weight isplotted against days, an exponential 
curv'e IS obtamed, nsmg steeply as the tumours 
become older If log (tumour weight) is plotted 
against days the pomts are grouped about a straight 
lin e (Fig 1), the slope of which can be calculated by 
the method of least squares The slope of the high- ‘ 
protem curve is significantly steeper than that of 
the low protem curve, mdicatmg a more rapid rate 


Table 2 Effect of high- and low protein diets on body weight and tumour growth 
(Figures represent mean values and their standard errors ) 


No of observationB 

Days after transplantation 

Final body weight (% of mitial value) 

Tumour growth (g /days) 

Total weight at death (body + tumour, 
% of mitial value) 

Regression coefficients 

Log (tumoim weight) on days 
Log (body weight)/(tumour weight) 


Low protein diet 

High protem diet 

P* 

16 

18 

— ' 

18 6 

19 1 

— 

77 0 ±2 04 

90 6 ±2 60 

<0-01 

0 82±0 061 

1 30±0 091 

<0 01 ' 

916 ±2 28 

109 1 ±171 

<0 01 

0 0139±0 00688 

0 0393 ± 0 00676 

0 015 

-0 0316±0 00629 

-0 0494± 0 00473 

0-03 


on days 


P=probabihty of difference bemg due to chance 
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Table 3 Protein tyrosine content of liver extracts 


Exp 

Days after 
transplantation 
(mean) 

No of 
observations 

Protem 

tyrosme 

(mean) 

(mg /ml ) 

Standard 
error of 
mean 

Cube diet 

Normal rats 

— n 

0 922 

0 0178 

High protein diet 

— 

0 

0 976 

0 0376 

Low protein diet 

— 

8 

0 833 

0 0202 

In]eoted with sheep serum 

— 

10 

0 896 

0 0200 

Injected with peptone 

— 

6 

0 923 

0 0286 

Cube diet 

Tumour bearing rats 

22 70 19 

0 710 

' 0 0227 

High protein diet 

19 26 

20 

0 697 

0 0160 

Low protem diet 

18 14 

14 

0 655 

0 0182 


of growth (6) When the logarithm of the ratio 
(body weight)/(tumour weight) is plotted against 
days and the linear regression cun e calculated 



0 S 10 15 20 25 30 

Time (<I»ys) 


F'g 2 Regtesaion of ratio (body weight)/(tumourweight) on 
days after transplantation High protein diet dots and 
fuU line Low protein diet circles and broken line The 
straight lines are the linear regression lines 

(Fig 2), it IS found that the difference between the 
high and low protein senes, though still probably 
significant, is less than that between the curves 
representmg tumour growth rates This mdicates 


that the faster tumour growth on the high-protem 
diet is to some extent balanced by a smaller loss of 
body weight 

Changes in protein tyrosine of liver (a) Normal 
rats The concentration of protem tyrosme m hver 
extracts of normal rats on the standard diet showed 
very httle mdividual variation It was not signifi 
cantly raised either by a high protem diet or by 
mjections of serum or peptone (Table 3) On the 
other hand, there was a shght decrease m the rate on 
the low protem diet, the difference from the standard 
senes bemg statistically significant (P<0 01) The 
animals on the high- or low protem diets which 
were used for these analyses bad previously been 
moculated with J R S , but the tumours had: failed 
to grow or had regressed The analyses were per- 
formed 4-5 weeks after the start of the diets and not 
less than 1-2 weeks after the complete disappearance 
of tumours 

(6) Tumour rats The presence of a growmg tumour 
mvanably caused a considerable decrease of the 
protem-tyrosme concentration of hver extracts, 
which was not significantly affected by the protem 
level of the diet 

Table 4 Haemoglobin concentration 



No of 

Mean Hb 


observations 

(%) 

Normal rats 


Cube diet 

8 

79 6 

High protem diet 

6 

86 

Low protem diet 

8 

76 6 

Tumour rats 


Cube diet 

11 

49 7 

High protem diet 

16 

66 1 

Low protein diet 

14 

646 


Haemoglobin Estimations of haemoglobm were 
earned out m a number of cases and the results are 
shown m Table 4 There is a marked drop m tumour- 
beanng rats, as is well known (cf Taylor <1, PoUack, 
1942) Whether the differences between the high 
and low protem senes are significant seems doubtful 
m view of the high margm of error of the method 
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There were, howe\er, indications of a correlation 
between the degree of secondary anaemia and the 
size and age of the tumour 

The catalase activity of liver extracts of normal and tumour 
bearing rats Catalnso was measured at three concentration 
le^ els after 3, 6, 9 and 12 min Dunng this time the actmty 
gradually diminished by 10-20 % In most expenmcnts the 
enzjTne concentrations were \aned m the proportion of 
12 4, the actual values depending on the presence of 
a tumour and its size A value for the monomoleoular re 
action constant of c 0 1 with the highest and of c 0 026 with 
the lowest enzyme concentration was sought With extracts 
of normal rats, final concentrations of 0 4-0 1 pg /ml 
protein tjTOSine were required, 1 ml of extract contaming 
20-26 pg /ml protein tjrosme vas added to 60 ml of sub 
strato solution W ith tumour rats, these concentrations had 
to be mcreased 5-10 fold The HjO. concentration m these 
expenmenta was 0 02 k throughout 

There was a very satisfactory proportionahty of L 
(the reaction constant) with enzyme concentration 
(Table 5), unaffected by the relative substrate con- 
centration In a number of expieriments the enzyme 
concentration was varied m the proportion of 
1 10 100, to test for a possible inhibitory effect of 

serum or peptone mjections which might have mam- 
fested itself only at high enzyme concentrations 
But the fairly close proportionahty of k. vnth enzjme 
concentration, even over tins esd;reme range, makes 
the existence of such an effect very unlikely The 
ratio of substrate/enzyme concentration was kept 
constant here in order to avoid an unequal degree of 
enzyme inhibition by excess substrate 

The satisfactory proportionahty between enzjme 
actixnty and concentration, at any rate over a 
limited range, makes it possible to express enzjme 
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umts in terras of actmty and protem content 
Catalase concentration has therefore been expressed 
m arbitrary umts dofinod by the ratio L/mg protem 
tjTosino/ml The moan value of the results obtained 
with the tliree different enzjme concentrations was 
taken as the imit content of a given extract 

Catalase concentration in the hver of non tumour 
rats The concentration of catalase m the hver of 
normal rats is fairly constant if extracts of equal 
protein concentration are compared It is not 
significantly changed either by high or low protein 
diets or bj^ injections of peptone solutions (Table 6) 
How e\ er, injection of sheep serum leads to a signifi 
cant increase of catalase concentration Not only 
the difference between serum and standard senes, 
but also that between serum and peptone senes, 
13 sigmficant (H<0 01 and P = 0 01 respectix eljd 
This IS the more remarkable ns the protem concen 
tration of hver extracts was not raised bj' serum 
injections On the other hand, although rats on the 
low-protem diet show a decrease of hver protem, the 
ratio between protem and catalase concentrations 
remains constant 

Smee there was no essential difference between 
them, the first four experiments of Table 6 were 
grouped together to provide a standard of com 
parison with the catalase concentration in the li\ er 
of tumour rats 

Catalase concentration in the hver of tumour bearing 
rats IVliere our experiments covered the same 
ground as those of Greenstem and his associates the 
results were m full agreement mth theirs A fall m 
catalase activity was found, which was progressive 
with the growth of the tumour (m extreme cases, to 


Table 5 Proportionahty of the monomolccular reaction constant L with enzyme concentration 


Senes 

Normal rats, cube diet 


Normal rats, mjeoted with serum 
or peptone 



Protem 

H.O. 

No of 

tjnosme 

concen 

obser 

(mg /ml hver 

tration 

vations 

extract) 

(N) 

17 

0 02 

0 02 


0 01 

0 02 


0 005 

0 02 

8 

0 26 

02 


0 026 

0 02 


0 0026 

0 002 


Jlean value of L after time (mm ) 

r 

3 

6 

12 

01043 

— . 

0 0906 

0 0520 

— 

0 0460 

0 0270 

— 

0 0232 

1 20 

1 10 

— 

0 178 

— 

0 147 

0 0202 

— 

0 016S 


Table 6 Concentration of hver catalase in normal rats 


Exp 

Cube diet 

High protem diet 

Low protem diet 

Injected with peptone 

Injected with eenim 

Eirst 4 expenmenta combmed 


(Values m arbitrary umts/ml , see text ) 


Catalase concentrations (mean values) ± standard 
errors of mean after time (mm ) 




No of 
observations 

17 

6 

8 

6 

10 

36 


3 

6 21±0 316 

5 65±0 438 

6 20±0 100 
G 01 ±0 353 

7 68±0 427 
6 37±0 301 


12 

4 67±0 267 
4 34± 0 404 
4 28±0 163 
4 93±0 2S0 
6 24±0 282 
4 62±0 266 
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only 6% of normal) There were, however, large 
individual variations, even wlien similar stages of 
tumour growth were compared 

If a correlation is to be sought between the size of 
the tumour and the concentration, of hver catalase, 
the absolute size of the tumour might be regarded as 
of less importance than the tumour size relative to 
the size of the host, as expressed by the ratio (body 
weight)/(tumour weight) If catalase concentrations 
are plotted agamst this ratio, on exponential curve 
13 again obtained, and the pomts are grouped along 
a straight hne when plotted on a semi logarithrmc 
scale (Fig 3) In spit© of the wide scatter, the regres 
sions of catalase concentration on the ratio of (body 


m the diet This la so not only m the case of large 
tumours, when it may be doubtful whetlier even a 
high protein diet will sufficiently meet the require 
ments, but also m the imtial stages where an effect 
might be expected if lack of protem were a decisive 
factor 

If the concentration of hver catalase is compared 
m rats with a similar ratio of (body weight)/(tumour 
weight)) but with a different-growth rate, it appears 
that it 18 on the whole lower when the tumours are 
growmg slowly or are regressing than m the case of 
early, fast growmg tumours (Table S) This suggests 
that not only the relative size, but also the age of the 
tumours is of importance 



Fig 3 Begression of hver catalase concentration (m % of normal concentration) on ratio (body weight)/(tuinonr weight) 
Standard diet triangles and dotted line Standard diet and semm injections crosses. High protem diet dots and full 
line Loir protem diet circles and broken hue The straight Imes are the Imear regression lines 


Table 7 Concentration of hver catalase tn tumour -hearing rata 


V 

Senes 

Ho of 

obser 

vutions 

(Body 

weight)/ 

(tumour 

weight) 

(mean) 

Days after 
transplantation 
(mean) 

Catalase units 
(% normal) 
(mean) 

Kegression 
coefficient 
of catalase 
concentration on 
(body weight)/ 
(tumour weight) 

Cabo diet 

15 

4 20 

2214 

13 95 

0 0747 ± 0 0408 

High protem diet 

20 

0 53 

10 05 

29 22 

0 0517±0-0165 

Low protem diet 

14 

6 01 

1814 

27 65 

0 0734 ±0 0254 


vxiiglit)/(tumour weight) are significantly different 
from zero m the high- and low protein experiments 
In the expenmeut with rats on the standard diet 
the (statistical) regression is hardly significant 
(■P= 03) This 18 probably because the pomts were 
not sufficient l\ spread out along the x axis 

It 18 quite obv lous from an inspection of Fig 3, 
and is confirmed bv statistical analysis of the re 
gressiou coefficients (Table 7), that the effect of 
tumour growth on t lie concentration of In er catalase 
IS not significanth influenced by the Io\ el of protem 


In view of the definite mcrease of hver catalase 
observed m normal rats after mtrapentoneal in- 
jections of sheep serum, the effect of serum mjections 
on tumour beanng rats was of mterest Pour rats 
(marked x mFig 3) were given dailymtrapentoneal 
mjections of 6 ml of sheep serum, stertmgf 11 daj*s 
after transplantation when the tumours n ere easilv 
palpable The mjections were contmued for 8-10 
days, so that a total amount of 40-50 ml was in 
jected There was no obnous effect on either the rate 
of tumour growth or tlie concentration of hior 
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catalase Two more senes each consisting of five rats 
received serum injections from the fourth and fifth 
day after transplantation onwards In all ten 
animals regression of the tumours occurred In two 

Table 8 Concentration of hvcr catalase tn 


tumour -bearing rats 


Days after 


Catalase 

trans 

(Body weight)/ 

concentration 

plantation 

(tumour weight) 

(% normal) 


Fast growmg, early tumours 

13 

89 

40 9 

13 

90 

49 7 

12 

93 

57 3 

12 

12 9 

33 8 

14 

7 06 

444 

Slow growing or regressing tumours 

21 

29 0 

24 3 

23 

11 6 

27 0 

23 

12 2 

16 9 

26 

7 15 

10 3 

27 

14 3 

35 8 


control series the tumours grew m 3 out of 6 and m 3 
out of 3 animals It would be premature to draw 
any conclusions from the small number of ammals m 
these experiments, especially in \aew of a tendency 
towards regression m the controls, but the results 
suggest an mliibitory effect of early serum mjections 
on the growth of transplanted J,R S This pomt is 
bemg further mvestigated 

DISCUSSION 

The fact that the presence of a growing tumour 
leads to a progressive fall of the concentration of hver 
catalase far m excess of the lowering of hver proteins 
generally need not necessardy be inconsistent with 
an unspecific inhibition of protem synthesis such as 
would result from the appropnation of avadable 
ammo acids by the tumour If the rate of dism- 
tegration and regeneration were much faster for 
catalase than for other hver enzymes, the specific 
effect on catalase could be mterpreted as the outcome 
of fln unspecific inhibition of protem synthesis 
There are, mdeed, mdications that hver catalase has 
a short hfe (1) it has a high rate of wastage durmg 
enzymic activity, (2) a high rate of resynthesis after 
removal of a transplanted tumour , (3) m contrast 
to erytlirooyte catalase, it contains a verdohaemo- 
chromogen group which, as Lemberg & Legge (1943) 
suggest, IS due to an vn vivo oxidation 

The experiments on the effect of high- and low- 
protem diets have provided no support for this 
mechanism If a shortage of ammo acids were the 
cause, one would have expected at least a delay m 
the dechne of catalase concentration as a result of 
the high protem feedmg That the fall of body weight 
IS considerably less severe on the high- than on the 
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low protem diet shows that the higher protem level 
18 not entirely meffectual, and the lack of response of 
the catalase concentration suggests that other causes 
than protem shortage are operatmg TJus conclusion, 
however, is not yet final An effect might appear if 
the rate of protem synthesis could bo speeded up, 
® S bj’' parenteral administration of essential ammo 
acids m high dosage Alternatively, an excess of one 
or more particular ammo acids may be required 
The observation that serum mjections raised the 
level of catalase concentration m normal hvers, 
whereas peptone mjections wore meffective, may 
point m this direction Peptone is particularly do 
ficient m tryptophan, and it would be mterestmg 
therefore to studj’’ the effect of massive doses of this 
ammo acid 

The possibility that the lowermg of catalase con 
centration m the liver is due to a toxic prmciple 
elaborated by the tumour and given off mto the 
circulation also deserves further study It is true 
that Greenstem (1943) found no mdication for the 
presence of a catalase mliibitor m tumour tissue or m 
other tissues of cancerous animals But the possible 
existence of an inhibitor of catalase synthesis or a 
cataljTst of catalase destruction has not yet been 
exliaustiv’-ely explored Our experiments show that 
prolonged parenteral mjection of foreign protem or 
of protem breakdown products does not duphcate 
the tumour effect m normal rats A prolonged treat 
ment of normal rats with tumour extracts might now 
be attempted Greenstem (1943) earned out some 
experiments on these hnes, but he gave only one 
mjection of 1 or 2 ml of extract, whereas it maj’- be 
necessarj' to extend the mjections ov'er a period of 
several weeks Moreover, his extracts, which were 
prepared with sahne, were probably devmid of 
nucleoprotems, and it is feasible that the toxic factor 
IS associated with this firaction 


SUMMARY 

1 The concentration of hver catalase m normal 
rats and m rats bearmg a transplEmted Jensen rat 
sarcoma was determmed The rats were mamtamed 
on one of tliree diets (o) a standard diet of rat cubes 
(20 % protem), (b) a high protem diet (46 % casern), 
(c) a low-protem diet (8 % casern) Additional ex 
periments were performed on rats which received 
daily mtrapentoneal mjections of sheep serum or of 
a 10 % solution of peptone for several weeks 

2 The high-protem diet caused a significantly 
faster growth of the tumours and a smaller loss of 
body weight m tumour bearmg rats than the low 
protem diet The protem content of the hver was 
shghtly reduced m normal rats on the low protem 
diet, it was considerably lowered m all tumour 
bearmg rats, irrespective of diet 
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3 The catalase concentration in normal rat hver 
extracts of equal protem content was not signifi- 
cantly changed, either by different protem levels in 
the diet or -by peptone mjeotions It was raised, 
however, by serum injections 

4 In confirmation of the work of Greenstem and 
his group (1941-3) it was'found that the growth of 
a transplanted tumour leads to a fall of hver catalase 
concentration which, m extreme cases, may reach 
6 % of normal There was a very marked mdividual 
scatter even m similar stages of tumour growth 

6 The catalase concentration when plotted 
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ngamst (body weight)/(tumour weight) was found 
to follow an exponential curve 

6 Tlie protem level of the diet had no significant 
effect on the course of the process, even m the mitial 
stages Serum mjections had no effect on tumour- 
bearmg rate when started II days after trans 
plantation "V^rhen started 4 or 6 days after trans- 
plantation they were followed by regression of the 
tumour 

We are indebted to Dr B PuUmger, Imperial Cancer 
Research Tnnd, Mill Hi1l Laboratones, London, for speoi 
mens of the Jensen rat sarcoma 
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The )3- Glucuronidase Activity of Ox Spleen and 
the Assay of ,8 -Glucuronidase Preparations 

By G T MILLS,* Bwchcmislry Department, St Thomas's Hospital Medical School, London, S,B 1 

{Received 7 January 1948) 


The existence m animal tissues of an enzyme which 
hydroh'zes ^ glucuromdes was first reported by 
Sera (1916) In 1934, hlasamune described a method 
of preparation of active extracts of this enzyme from 
ox kidney havmg pH optima for the hydrolysis 
of menthylglucuromde and plienylglucuromde m 
citrate buffers at 6 3 and 6 3-6 6 respectively 

Oshuna (1934) reported data for the glucuronidase 
content of various tissues of the dog and the ox, rich 
sources bomg h\ er, spleen, kidney, o^•a^y, testes and 
thimus In 1930 Oslumn mtroduced improvements 
mto the method of Masamune (1934), which were 
claimed to give a purer preparation For this pre- 
paration the pIL optimum for the hydrolysis of 
menthylglucuromde m acetate buffer was quoted as 
5 0-5 2 In the work reported up to that time, little 
Qi* Present address Biochemistry Dept , Dmversity of 


or no data were presented concemmg the degree of 
purification or the losses at each stage of the pre 
paration of jS glucuromdase 

The first quantitative study of the purification 
of ox spleen glucuromdase was reported by Fish 
man (1939 o) By employmg ammomum sulphate 
fixictionation after prehmmary treatment, Fishman 
achieved an eightfold concentration of the enzyme 
and a 140 fold purification There was, howe\ er, an 
overall loss of 84 % by this method Fishman (19396) 
reported that the pH optima of lus preparation m 
an acetate buffer were 6 0 for I menthylglucuromde, 
4 4 for homeolglucuromde and 4 3 for oestnol- 
glucuromde 

Florkm, Cnsmer, Duchateau A- Houet (1942) also 
studied glucuromdase, and demonstrated the re 
\ ersibility of the hy drolysis of homeolglucuromde 
tn vitro 
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A much improved method of preparation of o-t- 
spleen glucuronidase was reported by Graham ( 1 946) 
in which a 400 fold concentration and a 316 fold 
purification of the enzyme uas achieved Graham 
found that a preliminary autolysis of an aqueous 
extractof acetone extracted tissue caused anincrense 
m the amoimt of the enz3Tne, and that this was 
accompanied by a liberation of roduemg material 
These facts were shown to be complicating factors 
m the assay of crude preparations of the enzjnne It 
u as also demonstrated that pH control was an im- 
portant factor during the separation of the enzjTue 
from moctiie protom b^ ammomiim sulphate 
fractionation Graham, however, reported no data 
on the pH optima or reaction kmetics of his pre- 
paration 

Talalaj’-, Fishman & Huggins (1046) reported data 
concerning the hydroljsis of phonolphthalem glu- 
curomde by fairly crude preparations of glucuroni- 
dase from pooled hi ers, kidnej'S and spleens of mice 
The pH optimum in acetate buffer for this substrate 
was shown to bo 4 5 Data on the lunotics of the 
reaction were also presented Talala} cl al (1940) 
and Fisliman <1 Talalaj^ (1947) have used phenol- 
phthalem glucuromde and pH 4 6 in a method of 
assay of the glucuronidase content of vanous tissues 
of the rat 

In the present work further data on the prepara- 
tion and purification of ox spleen glucuromdase are 
presented Tlie data rei eal that two enzymes which 
hydrolyze I menthylglucuronide ore present in ox 
spleen, and that these two enz3nnes, which can bo 
separated, have different pH optima A modified 
technique for the assay of glucuronidase prepara 
tions usmg Z-menthylglucuromde is presented along 
with assay methods emplo3nng phenylglucuromde 
and phenolphthalem glucuromde 

A prehmmary report of this work has already 
appeared (IMills, 1947) 

EXPERBIENTAL 

Reagents 

l-MenthyIglucuro»tde, prepared by the bioB3Tithetio 
method of Qmok (1924) 

Phenylglucuromde, prepared by the method of Masamune 
(1933) as modified by WiUiamB (1946), m p 160° (uncorr ) 
Phenolphthalem glucuromde, prepared by the method of 
Talalay et al (1946) 

D Olucurone, prepared by the method of Williams (1940), 
m p 176-177° (uncorr ), [a]” +20° 

Trichloroacetic acid (British Drug Houses Ltd ), 20% 
(w/v) aqueous solution - 

Alkaline ferrtcyanide solution, 5 g KjFe(CN)5 (AB ), and 
10 g anhydrous NajCOj m water to 1 1 This is stable for 
1 month in a dark bottle, after that time the blank value m 
the reduemg test moreases considerably 

Sodium carbotiate, 10% (w/v) aqueous solution 
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Ceric sulphate, approx 0 Ix solution, prepared aceonhag 
to Shller 4. Van SI3 ke (1930), and diluted 1 m 10 m x HtSO^ 
for dail} use 

Sulphuric acid, 18x (A B ) 

Lissaminc green (Bntish Drug Houses Ltd ), 0 05% (w/v) 
aqueous solution 

Phenol reagent, prepared as described by Folm &, Ciocaltea 
(1927) 

All pH measurements were carried out with the 
glass electrode and Cambridge pH meter 

ASSAY OF GLUCURONIDASE 
PREPARATIONS 

(a) Using 1 menthylglucuronide 

In the methods of Fisliman (1939a) and IMills (1946) 
the neutralization of excess trichloroacetic acid, 
after the remov al of precipitated protem from the 
enz3Tne digests, was accomphshed by K-NaOH m 
the presence of phenolphthalem This method gav e 
rise to lugh blank values m the subsequent fem- 
cyamde reduction Tlie method of Levvy (1946), 
winch emplo3's an alkahne copper tungstate depro 
temization, was found to be unsatisfactor3’- if the 
pH of the onz3Tne digest was less than 4 6 Tins 
criticism applies also to a cadmium h3'droxide pre 
cipitation, a prehmmary exact neutralization of the 
digest bemg necessar3' m both cases to give rehable 
results 

The most satisfactory’’ procedure so far foimd m 
volves a tncliloroacetic acid deprotemization fol 
lowed by addition of excess sodium carbonate It 
■a ns found that wide variations m the sodium car 
bonate concentration were allowable m the fern 
C3>’onide reduction (cf Lewy, 1946) 

Method Acetate buffer (0 2m, 1 0 ml ), 0 6 ml of 0 02m 
I mentbylglucuromde solution (pH c 6) and 0 6 ml of a 
smtablo dilution of the enz3TnD solution are moubated m 
16 ml eentnfuge tubes for 2 hr at 38° The reaction is then 
stopped and protem removed by the addition of 1 ml of 
20% tnchloroacetio acid followed by centrifugation, 2 ml 
of the supernatant flmd are transferred to 4 x f m Pyrex 
tubes and 1 ml of 10% NojCO, solution followed by 1 ml 
of alkahne femeyamde solution added The tubes are closed 
with glass bulbs, heated m a boihng water bath for 16 mm 
and then cooled m runnmg water H_SOi (ISn, 0 25 ml ) ip 
added, followed by 1 drop of 0 05 % Lissamme green 
solution, and the mixture titrated with c 0 01 K ceno sul 
phate solution usmg a 2 ml micro burette Stirring is per 
formed by a slow stream of N2 , and a dayhght lamp is used 
for the titration 

The ceric sulphate is standardized against n 
glucurone and results expressed as glucuromc acid 
by employmg the appropriate correction factor 
Controls are earned out usmg buffer and enzyme 
solution alone, smee it was found that hydrolysis m 
the substrate m the absence of glucuromdase at pH 
3-7 could be neglected 
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1J\ u‘<ing unboili il cn7\ im c\tn\i in tin nintrol 
tnlx"- intorrorciicocmi'HHlln tlK'im ri'a^onin'diK ing 
inntcniil on inrubntion of rnuli i ■'ctrin t*- ii on oulod 
Grnlmm (l'l40)fir<t iUinon‘.trnlf'tHbisiniron''iMnrf 
ilucniginotorml and soino t \ pu ill (lota on )iri ‘'Onlod 
in Tig I T lii'J iiK lliod dtx’-i not ON Old lionoNir (lie 
incrra«e in onrMinc activ itN nnIik Ii arconijiaiin ■( tlio 
nicron^o in rodnciiig inatonal on nu nliiitn'ii of niii li 
crude o\trni,t“ Neither im re im> occnri* in extraet*! 
after pn.'cipitatioii with niniiionnnn Milphnti 



Fig 1 Libcmtion of rciliicing irmtcnnl (cnlculntid ns 
glucuronic ncid) dunng the inculiNlion of 2 ml samples 
of a crude spleen cxlmct nt 38’ I, unlroiltd cxtmcl, 
2, boiled extract 

It N\ ns also found Hint the presence of nitnnoninin 
sulphate nt a concentration of 0 OTni or loss in the 
enzj-mo digests did not nlTcct the results of n^sns 
The glucuronidnso reaction nnos found to follow 
the equation 

1=1// log, al(a-x) 

nt loNV substrate concontrntions, irhcro / = ttmo 
in hours, a = original amount of substrate and 
a: = amount of substrate split m time t 

Uml of glucuromdasc actimty The unit of glucu 
romdaso actu ity (monthj 1 imit) xras taken ns the 
actmty associated xvith a x nluo of I = 0 1 in the 
aboN o equation, under the conditions sjxicifiod 

(6) Using phenylglucuromde 

The method is based upon the determination 
of phosphatase usmg phenylphosphate (ICmg &, 
Armstrong, 1934, Tolley & Kay, 1936) Phenyl- 
glucuronide Is meubated xvith the enzyme pre 
paration m a buffer solution, and after a standard 
time the reaction stoppied and the phenol estimated 
using the reagent of Folin <L Ciocalteu (1927) 


Mrlhiyl \r((nt( hiifTc r ((I 2 m 10ml) 07 ml of002xi 
pluiiNl(,hirtirom(li (Na salt) and 0 6 ml of (nrxmc solution 
an iiiculiati d m 16 ml ccnlnfiiRc (ulics for I hr nt3S’,2ml 
of II 1 in 3 (lihition of tin 1 ohn Ciocalli ii reagent an added 
and (he proti in lUTCipitati nmoNidhx o( iitrifiigatlon 1ml 
of the siqHniatnnt iliiid are adih d to 3 ml of 10% NajCO, 
and the iiiixtiin innibalcd at 3s'' forlOmin 3\ n1cr(2iiil ) is 
ndihdandtla him colour estiiimti d in tin .Sjiekktr photo 
( Icelnc nbsoqitionielcr using Ilford no 008 n d filltrs The 
phiiiol lil)rmt(sl is istimated h\ using a cahhmtion cur\e 
d( l( riiiim d mill ]ihenol solutions trtatid aa in an cnzimc 
nssxN 

Controls \\i ro bi I up in which llio biiffor and sub 
Htrnt< NU ro incubated togethi r for 1 hr at 38° and 
thin the m/Niiio, immcdiiitoh folloNigd bx the 
dihitisl 1 ohn rciigonf added nt the end of this tune 

biiici' the hlioratioii of jihonol Nxns found to folloxv 
n linear course xnth time and to lie dirtcllx pro 
jKNrtionnl to the cnrxuni concentration, the ninoimt 
of phenol hborated IS, therefore directlx rolnlnblcto 
the nmoiint of enzN ino present 

1 phcuxl unit = 1 pg phenol liborntcd/hr under 
the nboxe coiidilioiis 

(c) Using pUmolphthidexn yhicuromdc 

The method is cssentinlK that of Tiilnlax ct al 
(1940) with the diffcronco that tlio oiizxTiio digests 
consgst of 0 3 ml of 0 2 ni ntetato buffer, 0 2 ml of 
OOOjm phcnolphtlmlein ghicuronido (Xa salt) and 

0 3 ml of 0117X3110 solution, and that protein is 
romoxed with tncliloroncctic acid Ijoforo bringing 
tlio pH to 10 4 Tlio colour is estimated m tlio 
Spokkor photoelectric nbsorptiomotor using an 
Ilfortl 005 xcilow green filler 

1 pliciiolphtlmlom unit= 1 pg plicnolplitlinlom 
libcratcd/lir under the aboxo conditions 

Dctcrminnhon of protein nitrogen 

The protein in 1 ml samples xvnsprecipitatixl xvith 

1 ml of 20 % trichloroacetic acid and the mixture 
heated to 80’ for 10 mm The precipitate xxas 
romoxed by centrifugation and xx ashed on the 
centrifuge xxith 5 ml of 6 % (w/n) tncbloroacotic 
acid If ammonium sulplmto xxas present in the 
original sample, tlio xx ashing xx as repeated a furtlier 
four times Tlio protein precipitate xxns dissolved m 
3 ml of 18 n sulphuric acid and the protein N 
ostimntod, after digestion, by the micro Kjeldobl 
method of JIa &, Zunznga (1942), employing the 
Markliam (1942) distillation imit 

PREPARATION OF /? GLUCURONIDASE 

The finding of Graham (1940) that acetone pre 
cipitation of the enzyme from aqueous solution fol 
loxved by extraction of the precipitate ixutli xvnter, ns 
employed by Fisliman (1939o), gax'e rise to serious 
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losses was confirmed m the present work It was 
also found, in accordance with Graham (1946), that 
by extracting the tissue pulp inth two successive 
lots of 2 vol of acetone and subsequent extraction 
of the solid residue with v ater, one could avoid these 
serious losses Ethanol precipitation, as emplojmd 
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influenced by both these factors It is quite obvious 
therefore that the results of ammoni um sulphate 
fractionation of protein mixtures will be signifi 
cantly influenced by variations m pH and tern 
perature, factors which are often neglected during 
salt fractionation of proteins 



Fig 2 Vanable solvent solubility test on spleen extract at stage C of preparation, earned out at pH 5 
Ammonium sulphate used as precipitant and gluouromdase assayed at pH 5 using I menthylgluonromde 


by Masamune (1934) and Oshima (1930J; also gave 
rise to as much as a 60 % loss of activity 

In the method of Fisliman (1939a) there was no 
control of the pH durmg ammomum sulphate 
fractionation Cohn (1926) has shown that the 
solubdity of protems m salt solutions obeys the 

log S=f-U. 


where jS = solubdity, I=iomc strength, and )3 and 
Jo are constants Cohn found that while Jo is m- 
dependent of temperature and pH, p is markedly 


Graham (1946) took pH mto accoimt during 
ammonium sidphate fractionation, but did not in 
dicate how the hmits employ ed were derived 

In order to obtam precise data m the present work 
the vanable solvent solubihty test as defined by 
Falconer & Taylor (1946) was applied to crude 
glucuronidase solutions at two different pH v alues 

Samples (4 ml ) of a glucuromdase solution, adjusted to 
the requisite pH, were mtrodneed mto a senes of 15 ml 
centrifuge tubes and saturated (NHiljSOi at the same pH 
added to- give the required lomo strength The tubes were 
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allowed to KtnmlntO forlRlir nmltlieprccipitntc* renwod 
b\ ccntnfiipntion nt O’, weie tli«.'ol\ rd \n v. ater and n-^-<a\ ed 
at pK 5 fot plucurowdafc acti\it\ U'mp 1 month\Iflu 
curonide Prolem N determination'" nori carnc<l out on 
the pupematant Polutinnp 

Tliodntnobtnmwl nt pH fl Onnd 7 0 (Iip'' 2nnd 3 
roPi>ecti\ oU ) ro\ onl tlmt t\\ o protouf" < 'ci'-t in pploon 


ditions of toinporaturo and pH -winch maUo P/^,— Pn 
n tnaxinwin arc optininiTV for separation 

These constants must bo determined on the pure 
phases to giio absoliilo rallies, but (Iio direction of 
diffircnco can bo obtninetl from tlio polubilitr test 
If in the present work tho fraction precipitated at 
lower salt concentration gites and tho other 



Fig 3 Vanablc solvent solubility test on spleen estmet nt stage C of preparation, 
earned out at pH 7 Details as for Fig 2 


extracts, both having glucuronidase activity Fal 
Conor & Taylor (1047) indicated methods of separa 
tion of trvo phases (A and B) based upon determina 
tion of the constants p and L They stated that if for 
two fractions is greater than then a dilution of 
the original solution aids separation of phase A in 
a pure form If i-j, is greater than then concen 
tration aids m obtaining A in pure form Also con 
Bioobeni 1948, 43 


fraction then it is ob-vious from the data that Lj, 
18 greater than 

A method of purification of glucuromdaso ivas 
worked out usmg the data obtamed above Through- 
out the procedure winch follows, the pH was con 
trolled at each stage by means of a glass electrode, 
and all operations requiring temperature control 
were earned out m a cold room at 0° 
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Stage A Fresh ox spleens were stnppcd of fat and finely 
mmced KedistiUed acetone (3 1 ) was stirred into 1 6 kg of 
this minoe and the mixture filtered and sucked dr3 Tlie 
pressed filter cake w as stirred with a further 3 1 of acetone 
and the mixture filtered with suction and pressed well The 
filter cake was broken up and dried in air at room tem 
perature for about 30 min The spleen powder was stirred 
with 31 of w ater for 1 hr , strained through gauze, clarified 
m the Sharpies super centrifuge and dialyzed against running 
tap water for 24 lir (solution A) 

Stage B Solution A was adjusted to pH 6 0 wnth 2^ 
acetic acid and M acetate buffer (pH 6 0) added (20 ml /I ) 
A voluminous precipitate formed The mixture was allowed 
to stand at 38“ for 4 hr and the precipitate removed in the 
Sharpies super centrifuge The filtrate was finally clanfied 
by filtration usmg Standard Super Cel (Johns Manville Co 
Ltd ) (solution B) 

Stage C Sohd (NH^)^S04 was stirred into solution B to 
60 % saturation and the mixture allowed to stand at 0° for 
18 hr The supernatant hqmd was siphoned off and the 
precipitate removed by filtration using Standard Super Cel 
(10 g /I ) The filter cake was sucked dry and then extracted 
five tunes with 100 mb portions of water The extracts were 
combmed and dialyzed agamst nmnmg tap water for 24 hr 
(solution C) 

Stage D Sohd (NH4),S04 was added to solution C to 
1 2 St and the pH adjusted to 5 0 with 2 n acetic acid The 
mixture w'as allowed to stand at 0“ for 6 hr , the precipitate 
removed at the centrifuge and discarded To the solution 
(NHi)iS04 was added to 1 8 m, the pH readjusted to 6 0 and 
the mixture allowed to stand at 0“ for 18 hr The precipitate 
was removed at the centrifuge at 0°, dissolved m water and 
dialyzed agamst r unnin g tap water for 24 hr (solution D) 
This stage removes a considerable amount of mactive 
pro tem 

Stage E Solution D (about 600 ml ) ivas adjusted to 
pH 6 0 with N acetic acid, and saturated (NH4) SO4, pre 
viously adjusted to pH 5 0, was added to 1 20 M The mixture 
was allowed to stand at 0° for 0 hr and the precipitate 
removed at the centrifuge at 0° and discarded To the super 
natant hquid saturated (NH4)5S04 at pH 6 was added to 
1 64m, the solution allowed to stand at 0“ for 18 hr , the 
precipitate removed at the centrifuge at 0°, dissolied m 
26 nil of water and dialyzed agamst runmng water for 
24 hr (fraction I) To the sujiemntant hqmd from the above 
precipitation, (NH4)sS04 at pH 6 0 was added to 1 78m, the 
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mixture allowed to stand at 0° for 18 hr , the precipitate 
removed at the centnfuge at 0“, dissolved in 200 ml water, 
and dialj^d agamst nmnmg water for 24 hr (fraction H) 
Stage F Fraction I was repreoipitated mth saturated 
(NH 4 )jS 04 at pH 6 between 1 20 and 1 62 m at 0°, and the 
precipitate was washed on a centnfuge at 0“ with 1 62m 
(NH4)_S04 at pH 5, dissolved in the mimmum amount of 



« 4-4 48 52 5-6 60 

pH 

Fig 4 pH activity curve of spleen extract at stage D of 
preparation Glucuronidase assays usmg I menthyl 
glnonromde 

water and dialyzed agamst nmnmg water for 24 hr Fraction 
n was repreoipitated from the combmed supernatant hqmds 
with saturated (NH4)iS04 at pH 6 between 1 66 and 1 76 m 
at 0° and the precipitate dissolved m about 200 ml of water 
and dialyzed against runmng water for 24 hr 

Stage 0 Stage F was repeated to obtam more pure 
fractions 

Data for the actmty of a typical preparation 
at each stage of purification are presented m 
Table 1 


Table 1 Activity of j3 glucuronidase preparations at vanovs stages of purification 



N 

TT^I 

Assays 

at pH 4 6 

A 

Assays 

at pH 6 0 

Batio umts at 
pH 6 0 

Stage 

V Ol 
(ml) 

Umts*/nil 

Total umts 

Umt8*/ml 

Total umts 

pH 4 6 

A 

3600 

3 14 

11,304 

2 99 

10,764 

0 96 

B 

3400 

4 02 

13,668 

3 90 

13,260 

0 97 

c 

780 

17 13 

13,361 

10 46 

12,831 

0 96 

D 

680 

16 79 

9,738 

16 46 

9,641 

0 98 

E Fraction I 
Fraction 11 

36 

220 

133 12 

16 91 

4,669 

3,602 

114 61 

17 86 

4,011 

3,927 

0 86 

1 12 

F Fraction I 

33 

98 00 

3,234 

82 12 

2,710 

0 84 

1 16 

Fraction II 

230 

11 92 

2,741 

13 96 

3,208 


G Fraction I 

24 

111 20 

2,609 

90 04 

2,161 

0 81 

1 18 

Fraction II 

31 

72 61 

2,261 

86 63 

2,054 



* Menthyl umt of glucuromdase activity, see p 127 
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Tig 6 pH activity curres of fractions I and II at stage E 
of preparation Glncuiomdase assay using I monthyl 
glucuronide I, fraction precipitated between 1 26 and 
1 64SI (NHi),SOi, n, firaction precipitated between 1 64 
and 1 78si (NHiIjSOi 



Fig 0 pH activity curves of fractions I and II at stage G 
of preparation Glucuronidase assays using I inentbyl 
glucuronide Details as for Fig 5 


pH nctmty cnr\ es using Z menthvlgluciironide 
■nere determined for the preparations at^etoges T>, 
E and G, and tjrpical data are presented in Figs 4, 
6 and 6 respectively The pH octivityctirve at stage 
D in some preparations showed evidence of two 
peaks, m others, the curse shown m Fig 4 was 
obtained pH actmty curt es for the pure fractions 
were also determined usmg phenyl and phenol 
phthalom glucuronides, and the data for all tliree 
substrates are shown m Table 2 

Table 2 pH optima of ox spleen ^ ghicuromdases 

P Glucuronidase 


Substrate 

I 

n 

1 Menthylglucuromde 

46 

60 

Phcnylgluouronido 

46 

62 

Phenolphthalein glucuromde 

46 

62 


DISCUSSION 

It would appear from the work of Masainune (1934), 
Oshuna (1936), Pisliman (1939 a,b) ajidTalalay cf aZ 
(1946) that these authors considered they were 
dealing with a single enzyme This conclusion may 
reasonably be drawn from the data they presented 
on the kinetics of tlie hydrolytic reaction Wlule 
presentmg no data upon optimum pH or reaoLon 
kineticB, Graliam (1946) gave no endence which 
could mdicate that there was more than one enzyme 
present m his extract© 

By the apphcation of the vanable solvent solu- 
bihty test it has been possible to show the presence 
m spleen extracte of two proteins haiung )5 gluou- 
romdase actmty The fact that the two enzymes 
have different pH optima makes extremely difficult 
the mterpretation of the specifio property solubility 
test of Falconer & Taylor (1946) At pH 6 the two 
proteins havmg glucuronidase activity are pre 
cipitated by ommomum sulphate withm the limits 
31 6-38 6% and 38 6-44% saturation, these two 
fractions having pH optima for the hydrolysis of 
I menthylglucuromde of 4 6 and 6 0 respectively 
Fishman ( 1939 o) used the hnnts 37-50 % saturation 
and Graham (1946) 36-46% saturation with am- 
monium sulphate m the preparation of then enzyme 
extracts It is obvious, therefore, that these workers 
ebimnated the major portion of the enzyme havmg 
optimum pH 4 6 for the hydrolysis of I menthyl 
glucuromde It is probable, therefore, that the data 
of Fishman (19396) concemmg pH optima and 
Michaehs constants may be substantially correct for 
one of the enzymes 

In later work Talalay et al (1946) used a pre 
paration from armxture ofhvers, spleens and ki dneys 
of nuce and made no attempt at fractionation The 
data presented concemmglihe optimum pH for the 
hydrolysis ofphenolphthalein gluciiromde (4 6) and 
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reaction kinetics will need revision, since no account 
IS taken of the dual nature of the spleen enzyme and 
any possible differences of behanour of the liver and 
kidney enzymes Further work on the reaction 
kmetics of these two enzymes and also upon hver 
and kidnej'^ glucuromdases is m progress 

STOiarAiiy 

1 A remvestigation of the methods for the 
purification of o\-spleen ^-glucuromdase using 
the variable solvent solubility test has revealed the 
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presence of two fractions having different pH optima 
The two enzymes have been separated and purified 
by fractional precipitation with ammonium sulphate 
and shown to have the following pH optima with 
i-menthylgluciiromde 4 5 and 6^0, phenylglucu 
ronide 4 6 and 6 2 , phenolphthalem glucuromde 4 6 
and 6 2 

2 Methods of J3 glucuromdase assay using I 
menthylglucuronide, phen 5 dglucuronide andphenol 
phthalem glucuromde are presented 

3 The relation of these results to those of previous 
workers is discussed 
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The Colorimetric Estimation of Stilboestrol, Hexoestrol 
and their Glucuronides in Urine 


By F H jMALPRESS, Depart7neni of Biochemistry, Queen’s University, Belfast* 

(Received 9 January 1948) 


Any attempt to estimate the synthetic oestrogens 
stilboestrol (4 4'-dihydroxy a)S diethylstilbene) and 
heYoestrol or their detoxication products in unne is 
comphcated by the presence of other phenoho sub- 
stances which may give nse to mterfermg colours in 
procedures depending on colormietry, or lead to 
high blank vAlues from control urmes The dual 
problem presented m such work is to retam a sufifi 
cient quantitative recovery of the oestrogen while 
reducing blank values to a minimum Sahasrabudhe 
& Wilder Smith (1947) have largely overcome this 

• Part of the work reported m this paper was earned out 
at the National Institute for Research in Dairying, Shin 
field, Reading 


problem m the case of dienoestrol by takmg advan 
tage of its diene structure and its reactivity with 
maleic anhydride For the two more stable oestro 
gens, stilboestrol and hexoestrol, it appears that no 
satisfactory method of estimation m the presence of 
urme has yet been proposed, though attempts have 
been made to apply the Dmgemanse (1940) method 
to this problem (Dmgemanse & Tyslowitz, 1941, 
Bass & Salter, 1943) The present commumcation 
describes methods of pre limin ary extraction which 
enable estimations of these two chmcally important 
oestrogens and of then glucmomdes toj be made m 
urme by the mtration method proposed by Malpress 
(1945) 
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EXPERBDSNTAL 

Reagents 

Ether FresUy distilled ether (B P ), giving no more than 
a faintly positive reaction for peroxide -with ferrous 
nminoninni sulphate and potassium thiooj anate, is used at 
all stages, possible effects of peroxide during hydrolj sis are 
considered later in this paper 

Alummvm oxide Mayfair brand (Savory and Moore 
Ltd ) was used with no prehminory treatment 

Calcium Ijgdroxide Vanous samples have been used (e g 
Baird and Tatlock labelled ‘from marble’ or ‘low m 
arsemc ’), and there is an indication that oestrogen reeo venea 
may vary shghtly firom sample to sample It is advisable 
therefore to start with sufficient quantities of the'porest 
product obtainable for a programme of work to be com 
pleted with one batch, and to carry out prelimmary check 
recoveries of added ocstrogens rather than to assume the 
recovenes found m this study Coarse particles ore removed 
by sifting through a 100 mesh sieve 

Methods 

In developmg these methods cow’s nnne was used Sub 
sequently simplified modifications smtable for use with 
human unne were established. The vanous methods are 
given separately below and the processes which form the 
basis of the extraobons are summanzed m Toble 1 

Table 1 Effect of reagents on free and conjugated 
stdboestrol and hexoestrol 

Saturated 

NaHCO, 

solution AljO, Ca(OH)j 
Free oestrogens Insoluble TJnadsorbed Adsorbed 

Oestrogen ^uouronldes Soluble Adsorbed Adsorb^ 

In hll the modifications of the method AljO, is used for 
the removal of pigmented and other substances, leadmg to 
a reduction of blank values 

Becovenes of oestrogen, adsorbed on Ca(OH), from 
solutions of known strength and estimated after solution in 
cone HCl and extraction with ether, mdicato that about 
half the losses associated with the methods may be asenbed 
to losses at this adsorption stage This is borne out by a 
comparison between recovenes from cow and human 
urmes of both the free oestrogens and their glucuromdes 
(see Fig 1) 

Free sMboestrol and hexoestrol xn cow's unne 

(A) The unne is filtered and made strongly acid to Congo 
red ivith cone HCl A suitable portion contaimng 0 5-2 mg 
oestrogen is extracted by hand shakmg m a separatmg 
funnel with 100 ml ether IVhero the probable oestrogen 
content is not known, 100 ml unne is a convement amount 
for a tnal estunation Emulsions which may form at this 
stage are broken by centrifugation, or, if separation is 
ncarlj complete, by the addition of anhydrous NajSO« 
The ether extract is shaken twice with 25 mh saturated 
KaHCO, solution which removes the conjugated (glucn 
ronide) forms of both ocstrogens 

(B) The ether extract is now shaken with 60 mh 2i. 
NaOH solution which removes the free oestrogen, the 


alkaline solution after acidifying with 12 5 mL cone HCl is 
bock-extracted with 60 ml ether The ethereal solution is 
washed onco with 25 ml saturated NaHCO, solution and 
once with 25 ml water, dned by anhydrous Na,S 04 and 
passed with light suction through an alutmna column 6 cm 
high prepared in a tube of e 1 cm diameter The flask and 
the column are washed twice -with 6 ml dry ether 

(C) Fmely powdered Ca(OH), (2 g ) is added to the 
ethereal solution and, after dispersion through the hqmd by 
careful rotary hand movement for a few seconds, allowed 
to settle The other is decanted and the solid washed once 
with 16 mL ether, which is also decanted, these ethereal 
solutions aro discarded The last traces of ether are 
evaporated from "the Ca{OH), by immersing the flask m 
warm water, the dry solid is suspended m 25 ml water and 
dissolved m 7 6 mL cone HCl The acid solution is extracted 
with 60 mL ether 

(D) After washing twice with 25 ml water to free it 
from acid and drymg with anhydrous Na,S0,, the ethereal 
solution IS evaporated to small volume and quantitatively 
transferred to a 60 ml volumetno flask It is evaporated to 
dryness, care bemg taken to remove any condensate on the 
neck of the flask by an air current, and the residue dis 
solved m 6 mL glacial acetic acid and estimated by the 
miration method (Malpress, 1946) 

Sttlboeslrol and hexoestrol monoglucuronides xn cow’s 

unne 

The saturated NaHCO, solution from (A) or, alter 
natively, from a second unne sample treated as m (A), is 
made strongly acid to Congo red by the addition of 6 ml 
cone HCl and extracted with 60 ml ether The ether is 
dned with anhydrous Na,S 04 and, after decanting and 
washing the solid twice with 6 mL ether, the combmed 
extract is treated with Ca(OH), as m (C) above The 
ethereal solution finally resnltmg from this treatment is 
shaken twice with 25 ml saturated NaHCO, solution and 
the combmed aqueous solutions acidified strongly by the 
addition of 20 ml cone HCl (final cone 2-2 6 h) Hydrolysis 
18 earned out by heatmg this amd solution under reflux for 
0 6 hr 

After cooling, the solution is extracted with SO ml ether, 
and the ether extract washed with 26 ml saturated 
NaHCO, solution, then with 25 mL water and dried with 
anhydrous Na,S 04 The solution is passed through an 
alumma column, as for the free oestrogens, and afterwards 
evaporated to small volume, transferred to a volumetno 
flask and prepared as outlmed above for estimation 

Free stxlboestrol and hexoestrol xn human unne 

The procedure is the same as that for the estimation of 
free ocstrogens m cow’s unne except that the adsorption 
on Ca(OH), is omitted The ethereal solution obtamed after 
passage through the alumina column is immediately con 
centrated, transferred to a volumetno flask and prepared 
for estimation 

Stxlboestrol and hexoestrol monoglucuronides xn human 

unne 

The procedure follows the corresponding method for 
cow’s unne but omits the Ca(OH), adsorption. The mitial 
saturated NaHCO, extracts are acidified with 20 mL cone 
Ha and hydrolyzed for 0-6 hr Treatment after hydrolysis 
IS the same as for cow’s unne 
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Estimahon 

The oestrogen estimations ivere earned out as descnbed 
in an earlier paper (Slalpress, 1945), except that the stilb 
oestrol solutions ivere not heated after addition of HNOj 
The lihal solutions ivere mvnnably slightly cloudy and 
rvere filtered through smtercd glass filters, porosity G4 
Filter papers ivere unsatisfactoiy, adsorbmg appreeiablc 
amounts of colour 

Measurements rvere made with a Spekker photoelectric 
absorptiometer using a ‘spcotrum violet’ filter (Ilford 001, 
430 mp ) m conjunction with heat-absorbmg filters (Hilger 
H503) Both control and test solutions were read against 
water inThe second cell and with the drum readmg at 
iimty 

Hydrolysis 

(а) Evidence has already been presented (Malpress, 1946) 
of the partial conversion of stilbocstrol to the ip (as) isomer 
when it IS treated with 2 5^ aqueous HCl at loi)° The 
change is accompanied by a loss of 27 6 % of the chromo 
gemc power m the mtration reaction Similar losses are 
sustamed m the hydrolysis of stilboestrol glucuromde, a 
crystaUme sample prepared by the method of JIaznr 

,Shorr (1942) givmg only 70% of the theoretical colour 
development after h} droljsis for 30 nun with 2 5^ HCL 

(б) Hydrolysis of the untreated unne results m de 
struction of added glucuromde either partial (hexoestrol) 
or complete (stilboestrol) It is essential therefore to pre 
pare extracts as m the methods given before hydrolyzmg 

(c) Traces of peroxide, if present m the ether used, are 
earned over to the stage of hydrolysis and greatly reduce 
recovenes of both oestrogens from simple aqueous solu 
tions Although this destruction is prevented almost com- 
pletely bj substances normally present m the unnary 
extracts submitted to hydrolj sis, it would seem advisable 
to avoid all chance of peroxide contammation throughout 
the process and especially dunng the hydrolysis (Table 2) 

Table 2 Ejfect oj 'peroxide, on the recovery of oestrogens 

from their ghicuromdes after hydrolysis vnth 



Eecoveiy (%) 

Extractmg agent 

f 

Stilboestrol 

> 

Hexoestrol 

Ether, peroxide five 

64 

87 

Ether, peroxide + + + + 

0 

35 

Ether, peroxide -1- + + 
(nrmary extract added 
before hydrolysis) 

69 

83 

. fr_ _ 1. _ J 


(d) Complete hydrolysis m 2 5^ HCl is effected m 
30 nun with stilboestrol glucuromde, and apparently in 
about 2 hr with hexoestrol glucuromde (Table 3) In the 
latter case there is a progressive destruction of the oestrogen 
as hydrolysis proceeds for longer penods, mdicated by a 
gradual yellow colounng of the solution, and accompamed 
by on mcreasmg chromogemo power m the nitration. 
reaction This bemg so, it was decided to adopt 0 5 hr as 
the time for hydrolysis of hexoestrol glucuromde also, a 
pomt at which the hydrolysis is 90 % complete and 
destruction negligible, as shown by the quantitative re 
covenes of free hexoestrol heated m acid solution with 
glucurone for this time 
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Table 3 Ejfect of duration of hydrolysis in 2 6n-HC1 
on the recovery of oestrogens from their glucurontdes 

* Kecovery (%) 


XlUiO f ^ 

(br ) Stilboestrol Hexoestrol 

0 5 71 89 

1 71 97 

3 69 99 

4 — 107 

8 — 111 


Preparation of glucurontdes Stilboestrol monogluouromde 
was isolated from rabbit’s urme bj the method of Mazur A, 
Shore (1942) It has been characterized as a dihydrate 
(Dodgson, Carton Wilhams, 1947) Hexoestrol mono 
glucuromde was similarli obtamed, using the nthanol 
ether (1 3) extraction proposed by Dodgson et al (1947) 
The sodium salt separates readily from NaHCOj solution 
but 13 pigmented and attempts to remove the pigment by 
dissolving m water and recrystalhzmg after the addition of 
one third volume of saturated NaHCO, solution were not" 
successful RecrystaUization of the acid from ether, how 
ever, gave a purified product (m p 179-181°) It is claimed 
that it IS a tnhydrate (Dr R T Wilhams, pnvate commum 
cation) and the loss of weight on drymg at 110° has given 
figures m accordance with this 


RESULTS 

In most cases the mdivndual recov enes given below 
represent the means of at least four separate deter 
mmations The data on human urmes, however, are 
from dupheates, as are all the figures for hexoestrol 
glucuromde recoveries All smgle measurements fell 
weU withm ± 6 % of the mean values quoted 
Estimations of the free oestrogens were earned 
out after the addition of appropriate amounts of a 
0 1 % (w/v) solution of the oestrogen m glacial acetic 
acid to 60 or, more usually, 100 ml of distilled water 
or urme The glucuromdes were added m famtly 
alkahne aqueous solution, c 0 1 % (w/v) with respect 
to their oestrogen components, to the same volumes 
of water or urme Invanably only smgle estimations 
were made on any one sample, the free and con 
jugated oestrogen recoveries bemg obtamed from 
separate samples Wliere human urme was used 
results were obtamed from both mixed women’s 
and mixed men’s specimens, the recov enes bemg the 
same m both cases All results are shown m Fig 1 
Becovery of free and conjugated stilboestrol 
(Fig 1 a, b) With the process for cow’s urme there 
is a defimte mcrease m the percentage recovery as 
the ongmal amount of stilboestrol or its glucuromde 
added to water is mcreased Slean recovenes 
ranged from 06 to 79 % for the free oestrogen and 
from 62 to 64 % for the glucuromde (calculated on 
oestrogen content), as the weight added mcreased 
from 0 5 to 2 0 mg This variabihty was not found 
m the mean recovenes from cow’s urme which were 
approximately 70 and 60% respectively, for all 
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amounts added. The reason for tins discrepancy 'Mean recovenes from human urme over the com- 
la not clear, but smce the percentage recoveries plete range were equal to 85 % for both the free and 


of stiiboestrol from water after adsorption on 
Ca(OH), show a similar trend it is probable that it 
18 introduced at this stage of the method, and 
may be ascribed to slight differences m adsorp- 
tion oharaotensticB due to the presence of other 
urmary constituents Similar explanations may 
be tentatively adduced for the existence of like 
relationships m the recovenes of stiiboestrol and 
hexoestrol glucuromdes 


100 

M 



SrUbocitfol Hexo<terci 

30|- (proceit for humw Urin*) (pr«ceia for huirun t/rme) 



0 0*5 10 H HI 0 0 5 1*0 1 5 HI 

Free Mttrogen or 

Fig I Recovenes of stiiboestrol, hexoestrol ftud their 
glucuromdes firom ivater and unne X K Free 

oestrogen from water © © Conjugated oestrogen 

firom water O O Free oestrogen from unno (mean 

value) O O Conjugated oestrogen from urine (mean 

value) , 

Recovenes from human urme are higher, and 
constant mean values of 80 and 63% for the 
free and conjugated forms, respectively, were 
obtained over the range studied The comparatively 
low recovenes of the glucuromde are of course 
largely due to the decomposition during hydrolysis, 
the maximum yield bemg only 70-76% of the 
added matenal 

Recovery of free and conjugated hexoestrol 
(Fig 1 c, d) 70% of the free oestrogen was re 
covered over the whole range (0 5-2 0 mg ) from 
both water and cow’s urme The lack of agreement 
between the recovenes of hexoestrol glucuromde 
from water and from urme when the method in 
volvmg lime adsorption is used has ahead} been 
noted From urme constant jnelda of 74% were 
obtamed 


combmed forms 

Blank values from control urines The methods 
have been tested for recovenes of 0 5-2 0 mg 
oestrogen, and it is suggested that the mitial volume 
of urme for extraction should be chosen to ensure 
an estimation m this range 

In terms of the chromogemo power of the oestro- 
gens, blank values for the free oestrogen process 
using cow’s urme fell normally withm the range 
0 06-0 2 mg oestrogon/IOO ml urine Occasionally, 
however, these values were greatly exceeded, blanks 
of 2 mg bemg obtamed Blank measurements for 
the corresponclmg conjugated oestrogen method 
were, on the other hand, invariably low and 
again of the order 0 05-0 2 mg oestrogen/100 ml 
urme 

Tlie values given by the simplified modification 
applicable to human urmes hav^e been less than 
0 06 mg oestrogen for the free process, and less than 

0 15 mg oestrogen for the conjugated form, from 
100 ml mixed urme wliether from men or women 

DISCUSSION 

A prelimuinr} study of oestrogen excretion after the 
oral admimstration of a massive dose (5 g ) of stilb 
oestrol to a cow has already been communicated by 
Malpress A Owen (1947) Durmg a control period 
satisfactorily constant blank values of 60 and 3 mg 
daily were obtamed for the free and conjugated 
extraction processes m terms of oestrogen eqm- 
valents and mcreases in these values greater than 
26 and 3 mg respectively, after admimstermg the 
oestrogen, could confidently be asenbed to the 
effects of the treatment 

Excretion studies are to be carried out on human 
subjects, and it is evident from the blank values to 
be expected — approximately 0 6 mg for firee and 

1 6 mg for compmed oestrogen m a 24 hr sample — 
that the sensitmtv of the methods should be much 
greater when thus applied It seems probable that 
excretions of the order of 0 6 mg stiiboestrol or 
hexoestrol daily, whether free or combmed, should 
be readily detectable, and that greater amounts 
should be estimated with accuracy 

The very low recoveries of conjugated oestrogen 
reported hitherto from the unnes of experimental 
animals (Stroud, 1939, Dmgemanse & Tyslomtz, 
1941, Boss A Salter, 1943) have undoubtedly been 
due to the failure to appreciate the degree of 
BolubUity of the glucuromdes m orgamc solvents, 
and, more especially, the losses entailed when 
hydrolysis is performed on urme itself, rather than 
on suitably prepared extracts 

A recent report (Wilder Smith, 1947) claims on 
indirect evidence an excretion of amounts up to 6 % 
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of the oestrogens administered to liumon subjects 
as a sulphate ester The absence of any detect 
able change in the excretion of ethereal sulphate 
after ginng the synthetic oestrogens to rabbits 
(Dodgson el al 1947) and the occurrence of only 
small changes of doubtful sigmficance m the 
ethereal S morgamc S ratio m the cow (Malpress & 
Owen, 1947) suggest, however, that these substances 
are normaUj' excreted either m the free form or 
combmed as glucuromde If this is so the methods 
described m tlus paper should be capable of jneldmg 
comprehensive data on the quantitative excretion 
of the oestrogens, and afford some insight into the 
measure of any metabohc breakdown 
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STOMARY 

1 IMethods are described for the estimation of 
the synthetic oestrogens stilboestrol and hexoestrol 
and their glucuromdes m cow’s or human irrme 

2 After addition to human urme 80 % or more of 
these substances were recovered, except with stilb 
oestrol glucuromde where decomposition durmg 
liydrolysis reduces the figure to 63 % Recovenes 
from cow’s urme were shglitly lower m all cases 

I wish to express my thanks to Dr R T Williams for 
samples of stilboestrol glucuromde and glucurone, and to 
Prof I) C Hamson and Dr S J Policy for their interest 
in the progress of this work 
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The Fifth Coagulation Factor (‘Factor V’) 
Preparation and Properties 


By P a 03VREN, The Lister Institute of Preventive Medicine, London 
{Received 12 January 1948) 


In 1943 a prevnously unknown coagulation factor 
was discovered and termed the fifth coagulation 
factor, or ‘Factor V’ (Owren, 1944) Factor V is 
necessary for the conversion of protlirombm to 
thrombm, and the rate of this reaction mcreases 
with mcreasmg amounts of Factor V up to a certam 
limi t, Lack of Factor V produces a haemorrhagic 
diathesis, termed parahaemophtlia (Owren, 1946, 
1947 a) The isolation of tlus factor and its function 
m the coagulation process has been discussed m 
detail elsewhere (Owren, 1944, 1946, 1946, 19476) 

In the present paper experiments are described on 
the basis of which a new method for the preparation 
of Factor V has been developed, providing a more 
highly purified product 

^ , METHODS 

Ox plasma 

Ox blood (9 voL) was mixed with 1 vol of 4% (w/v) 
potassium oxalate monohydrate solution, the mixture 
cooled to 1° and the plasma obtamed by eentnfnging at this 
temperature 


Protlirombm free plasma 

In order to obtam Factor V absolutely free from pro 
thrombm or thrombin, prothrombm free plasma was pre 
pared. Prothrombm is far more readily adsorbed than 
Factor V by adsorbents such ns Mg(OH)j, Al(OH)s and 
CajCPO^lj, but it IS difiScult to obtam plasma absolutely 
free from prothrombm with these agents On the other 
hand, 10-40% of Factor V m the plasma is adsorbed 
simultaneously with the prothrombm depending on the 
agent used and the relative quantities of adsorbent and 
plasma (Owren, 19476, p 78) Asbestos dififers from these 
agents m adsorbmg prothrombm selectively Using 
asbestos paper filter pads contammg 30-40 % asbestos, pro- 
thrombm free plasma with an almost unchanged content of 
Factor V can be obtamed. Filters of higher asbestos con 
tent remove some of the Factor V 

The following procedure was adopted The plasma was 
passed- through a claniymg filter contammg about 20% 
asbestos, and then twice through pads contammg 40% 
asbestos (Hodgkmson, Wookey Hole, Somerset) 
filtration the pads were 'gashed with citrate saline (0 4 /o 
(w/v) tnsodium citrate, 0 9% (w/v) NaCI) 
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Preparation of Factor V 

Principle 

TTnmnn fibrinogen prepared by tbe ether &ac 
tionation method of Kekwick, Mockay Becord 
(1946) appeared to be free from Factor V, and this 
encouraged on examination of the apphcability of 
the procedure to bovine plasma 

Tlie crude fibrinogen precipitate obtamed by 
addition of 0 1 vol ether to plasma at unadjusted 



I pH 

Fig 1 The precipitation of Factor V from diluted plasma 
with 0 1 vol ether at vanons pH values (p =0-05, and 
- 1° Protein cono approx. 2 %) 

pH and 0° -was found to contam 10 % of the plasma 
Factor V This vraa removed by repeated washing 
with distilled water and the fibrmogen was further 
purified by reprecipitation 

After the removal of the fibrinogen, about 60 % 
of the plasma globulins were precipitated by ad 
justmg the pH to 6 6 and lowermg tbe loiuc strength 
to p = 0 06 by dilution with distilled water, the ether 
being mamtamed at 10% (v/v) The supernatant 
fluid from this precipitation contained substantially 
all the plasma Factor V 

Tlie pH of samples of this fimd was further 
lowered and the precipitates which formed were 
assayed for Factor V The precipitation of Factor V 
as a function of pH is shown m Fig 1 It can be seen 
that by lowermg the pH to 6 3, the Factor V is 
almost completely precipitated The amount of pro- 
tein and Factor V extracted from this precipitate 
by acetate buffers of pH 5 23 and varymg lomc 
strength is shown m Fig 2 From this it is obnous 
that bj extractmg the precipitate with acetate 
buffer, pH 6 23, p = 0 04, about 30 % of the protem 
canberemoi od with only ammimal loss of Factor V 
Tlie precipitate formed at pH 6 3 contains 
a sticky yellow substance which hke Factor V is 


soluble m water at pH 6 6 and above, but unlike 
Factor V is insoluble m acetate buffer, pH 6 23, 
/i = 0 10 Consequently it can be removed by dis 
solvmg the precipitate and reprecipitatmg imder 
these conditions In the presence of a certam 
amount of sodium chloride the solubihty of Factor V 
is mcreased, and by this means the loss of Factor V 
m the precipitate is reduced to about 10 % 

On the basis of these findmgs, the following pre- 
parative procedure was developed 



Pig 2 The BolubilitieBofFactoTV and protein (precipitated 
from plasma at pH 5 3 with ether) m acetate buffer at 
pH 6 23 and various lomc strengths 


Procedure 

(1) Prothrombin free ox plasma was diluted with 2 voL 
of distilled water, cooled to - 1°, and 10 % (v/v) ether was 
added slowly through a capillary jet, the temperature being 
kept at - 1 to - 2’ The precipitate waa allon’ed to settle 
for 3 hr and was then removed and used for the pre 
pamtion of fibrmogen, 

(2) The supernatant fluid was adjusted to pH 6 6 by the 
addition of 0 lx acetic acid and left for 2 hr at - 1° The 
precipitate was removed. 

(3) The supernatant fimd from (2) was adjusted to pH 6 3 
by further addition of 0 lx aceUc acid. After 1 hr at 
- 1° the precipitate was collected by centnfngmg at - 2° 
This precipitate contaiUB about 80% of Factor V m the 
plasma 

(4) The precipitate was washed at 0° with acetate buffer 
pH 6 23, p=0 04, by suspending and centnfuging It was 
then suspended m a volume of distilled water equal to 
20% of the onginal plasma volume, and dissolved bv 
od justmg the pH to 6 5 with 0 lx NaOH. Factor V dis 
solved completely, and a small amount of undissolvcd 
material was removed by centnfugmg 

(6) To the solution KaCl was added to give an ionic 
strength of p=0 10, and the pH was then lowered to 5 3 
by the addition of i voL of acetate buffer, pH S 23, p =0 10 
A precipitate of yellow protem was formed and removed 
after 1 hr by centnfngmg m the cold. 
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(0) Factor V was precipitated from the supernatant 
fluid by lo-aenng the ionic strength to 0 04 by the addition 
of 160 ml distilled Mater to each 100 ml solution After 
2 hr at 0°, the precipitate was collected on the centrifuge, 
washed with distilled m ater and dissolveil by suspending it 
in distilled water and adding 0 1 v NaOH to pH 7 0 

(7) The solution of Factor V was dned from the frozen 
state 

The yield obtained was about 00% and the punfication 
100-160 times m terms of activity/mg of mtrogen It is 
essential that the whole procedure should bo earned out at 
low temperature os Factor V is inactivated by ether above 
0°, especially at pH 5 3 

Properties of Factor V 

The''dLried preparation of Factor V is a -white, 
amorphous water soluble protem material 

Stability The dried, product, m sealed bottles, is 
stable mdefimtely When stored m solution at 0° 
the acti\ ity decreases about 60 % in the 1st -week 
Higher temperatures mcrease tlie rate of mocti 
' vation The stabihty on storage of Factor V m 
human plasma is of the same order, -with a reduction 
to about 30 % of the origmal activity after 8 days 
at 0°, and to below 10 % m the same tune at 10® 
The rate of moctivation varies considerably In ox 
plasma the stabihty os a rule is greater Tlie m 
activation by heat, acid and alkali was reported 
upon prenously (Owren, 10476, pp 85, 90) 

Adsorption As stated above, Factor V is partly 
adsorbable from plasma -with Jrg(OH) 2 , Al(OH )3 
and Ca 3 (P 04)2 From purified solutions Factor V 
may be removed almost completely by these agents, 
and Seitz filtration reduces the activity consider 
ably 

Function Tlie mfluonce of Factor V on thrombm 
formation has been described previously (Owren, 
1944, 1946, 19476, p 182) Without Factor V no 
thrombm is formed 

The dned preparation of Factor V described above 
(0 2 mg ) produced the foUowmg effects (1) Tlie 
tune for complete conversion of prothrombm to 
tluombm m 1 ml of a mixture contauimg pro 
thrombm (10 Ptr ), tluombokmase (human bram, 
optimal amount) and Ca (2 5 msi) was shortened 
from 00 to 76 sec at 37° (2) The coagulation tune 
for 1 ml of a mixture contammg prothrombm 
(100 Ptr) tluombokmase (optimal amovmt), Ca 
(2 6 mM) and fibrmogen (0 10%) was shortened 
from 00 to 16 sec at 37° (3) The ‘prothrombm 

tune ’ by Qmck’s method m a cose of parahoemo 
phdia was shortened from 68 to 16 sec The ‘pro 
thrombm tune’ of human oxalated plasma stored 
1 week at 6° was shortened from 38 to 16 sec 

DISCUSSION 

Qmck (1943, 1946) has postulated the existence of 
two components of prothrombm, designated pro- 
thrombms A and 13 Prothrombm A is labile and 
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fhsappears when plasma is stored, protluombm B is 
more stable, is completely adsorbed by Al(OH)j 
(which does not remove prothrombm A) and its 
content is lowered m dicumarol poisonmg 

The hypothesis is chiefly based on the fact that 
the prolonged ‘protluombm tune’ (Qmck, 1943) of 
stored plasma is shortened by the addition of plasma, 
premously treated -with AI(OH )3 to remove adsorb 
able material, or plasma from ammals poisoned -with 
dicumarol 

Qmck’s theory has been sfipported by others 
(Oneal Su Lam, 1946, Zondek & Fmkelstem, 1943, 
Munro, Hart, Munro & Walkmg, 1946, Alunro & 
Munro, 1947), but questioned by Lmk (1945), Banfi, 
Bay iL Tantiui (1946), Loomis & Seegers (1947) 
Loomis & Seegers (1947) beheve that the labile 
component partially inactivated durmg storage is 
fibrmogen They hold the opmion that plasma 
treated -with AJ(OH )3 acts fay supplymg reacti-ve 
fibrmogen, smee the same effect could be produced 
-with stored plasma by the addition of a fibrmogen 
preparation 

It has been sho-wn pre-viously that Factor V is the 
most unstable coagulation component m ^plasma 
durmg storage, protluombm usually remains im 
changed for 6 days m plasma stored at 0°, and the 
reactivity of fibrmogen keeps imaltered for at least 
10 days at 0° (Owren, 19476, pp 84, 143, 271) The 
prolonged ‘prothrombm time ’ by Qmck’s method m 
stored plasma is, therefore, first and foremost due 
to the mactivation of Factor V After storage for 
a long tune, reduced protluombm concentration and 
decreased activity of fibrmogen may exert some 
influence This is confirmed by the foUowmg e-vperi 
mental e-vidence 

Oxalated human plasma stored at 6° for 8 days 
showed a decrease of Factor V to 10 % of the ongmal 
value, and of prothrombm to 76 % The protluom 
bm tune was reduced from 34 to 16 sec on addition 
of Factor V, whilst the addition of prothrombm 
(20 p u free of Factor V) and fibrmogen (0 10%, 
free of Factor V and profibrm) gave protluombm 
tunes of 30 and 32 sec respectively 

The prothrombm tune of plasma from a patient 
-with parahaemophihB after storage for 3 weeks at 0° 
was reduced from 110 to 17 sec on addition of 
Factor V, whilst fibrmogen and prothrombm, both 
free from Factor V, were -without influence 

The effect of fibrmogen m the experiment of 
Loomis & Seegers (1947) can be explamed by the 
fact that fibrmogen precipitated from bovme 
plasma by the ethanol method used can be sho-wn to 
contam about 10 % of the plasma Factor V Further, 
it should be mentioned that fibrmogen wlucli con 
tarns profibrm -will also shorten the clotting time 
when added to plasma 

Fantl & Nance (1946) have foimd that prothrom 
bm free plasma contams a factor which accelerates 
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the conversion of protlirombin to thrombin, and 
Ware, Guest &, Seegers (194:7 a) ha\e isolated such a 
factor by fractionation of protlirombm prepared by 
]Mg(OH)i adsorption They suggtest that this factor 
IS not identical with any of Quick’s prothrombms 
There seems to be no doubt that Qmok’s pro 
thrombm A and Factor V are identical The factor is 
concerned with the conversion of protlirombm to 
thrombm, however, and is not itself a component 
of prothrombm The factor is partly adsorbed 
by iSIg(OH),, and prothrombm prepared by this 
method always contains some Factor V (Pro- 
thrombm which is absolutely free of Factor V is not 
converted to thrombm by thrombokmase and 
Ca alone (Owren, 1944, 1947 b, p 186) ) Factor V is 
precipitated by the ammonium sulphate fractiona 
tion used by Ware et al (1947o) for isolatmg the 
accelerator factor from prothrombm preparations 
The relatively slight activity of the material isolated 
(shortenmg of the conversion tune to 3, 7 and 
10 mm ) mdi cates that the amount of Factor V is 
low 


The mode of action described by Ware et al 
(1947 b) for their accelerator factor, however, con 
forms with the previously described action of 
Factor V (Owren, 1944, 1946, 1947 b), and there is 
no reason to beheve that they are different sub- 
stances 

The recorded properties of Factor V and experi- 
ments on a quantitative basis pomt to the fact that 
prothrombm A, Seegers’s accelerator factor and 
Fantl & Nance’s factor are identical with Factor V 

STOUIABY 

1 A new method for the preparation of ‘Factor 
V ’ is described, and its properties are outhned 

2 Experiments are subnutted mdicatmg that the 
prothrombm A of Qmck (1943, 1946) and the ac 
celerator factor of Fantl <SL Nance (1946) and of Ware 
etal (1 947 a, b) are identical with Factor V 

The author is indebted to the Medical Research Council 
for a personal grant during the tenure of which part of tho 
work descnbed was earned out 
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The Detection of Greatme and Creatinine 
by Partition Chromatography 


Bv Q A MAW, Department of Biochemistry, University GoUege, London 
{Received 10 November 1947) 


Methods commonly used for the identification and 
quantitative estimation of creatmme, based on the 
Jnffe reaction, suffer from the lack of specificity 
of tlus reaction Hunter (1928) has listed 40 com- 
poimds which giie a positive creatmme reaction 
with olkahne sodium picrate The use of 3 6 dmitro 
benzoic acid (Benedict & Belire, 1936), although it 
proindes a ahghth more specific reaction, mtroduces 
tho serious complications of colour fading and 
sensitivity of tho coloured product to the presence 


of other substances The picnc acid method of 
estimation is rehable, however, if precautions are 
taken to exclude the mterference of other chromo 
gemc substances, or when combmed with specific 
enzymic destruction of creatmme by Coryne 
bacterium ureafaciens (Miller & Dubos, 1937, Krebs 
& Eggleston, 1939) 

Tlie estimation of creatme m the presence of 
creatmme by the picnc acid or 3 5 dmitrobenzoic 
acid methods has the added disadvantage of bemg 
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a metliod of difference Tliis is emphasized m the 
identification of small amounts of creatme m the 
presence of creatimne m circumstances where the 
Barritt diacetyl reaction for creatme (Eggleton, 

, Elsden Gough, 1943) cannot be used and the Jaff6 
test only can be applied, smce the detection must 
necessarily mvolve a quantitative determination 
The techmque of partition chromatography on 
paper, for the study of ammo acids (Consden, 
Gordon <L Martm, 1944), may be apphed to the 
exammation of morgamc and orgamc urmarj’^ con- 
stituents, mcludmg creatmme (Dent, 1947) The 
movements of these substances on paper cliromato- 
grams are sufficiently specific to permit their re- 
cogmtion Tins pnnciple has been utilized m the 
quahtative identification of creatme and creatmme 
on the basis of differences m their physicochemical 
rather than chemical properties, upon u luch present 
analjdical procedures rely Creatmme may be do 
tected m biological flmds m amounts down to 1 pg 
Further, creatme may be detected m the presence of 
creatmme without a quantitatn e analj'sis 

IMETHODS 

The ospcnmcntal procedure employed was essentially that 
of Dent (1940), temperature control throughout oxponments 
bemg maintamed by placing the apparatus in a water 
thermostat 

For the detection of creatmme, enough of the test 
solution to contam 6-10 /ig creatmme was pipetted in 
portions on to paper stnps, and the water dried off The 
solvent M as allowed to trai ol 25-30 cm down the stop, the 
time taken for the solvents colhdme and sec butanol bemg 
c 24 hr After the strip had been dried ot 100° for 30 mm., 
creatmme was located by spraymg first with 2^ NaOH, 
then with saturated picno acid from an atomizer The 
resultmg orange band was generally c 10 mm m width 
In determmmg Rp values (Consden el al 1944) it was found 
necessary to mark the position of the band soon after its 
appearance, smce considerable or complete fadmg of the 
colour usually took place in sunlight 

For the detection of creatine, the procedure was similar 
except that the stnp was heated ot 110° for 3 hr to convert^ 
any creatme present to creatimne Subsequent spraymg of 
the strip with NoOH and piono acid mdicated the presence 
of a creatme band, detected as creatimne An alternative 
method, described by Maw (1947) for the conversion of 
creatme to creatmme by spraymg the strip with rnmeral 
acid and heatmg to dryness at 100°, has not proved entmely 
satisfactory, owing to the strips becommg brittle and 
occasionally charred The direct heatmg method has the 
advantage of simplicity, with the desirable mmimum of 
mampulation 

RESULTS 

Constancy of the factors influencing the movement 
of a compound on a cliromatogram, listed by 
Consden et al (1944), was mamtamed durmg runs 
Comparison of the J? ^ values of bands obtamed firom 
test material was made with those of creatme and 
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creatmme added to the test material All values 
quoted represent the average of 0-12 determma 
tions, deviations from mean values bemg at the 
most ± 6 % and generally not more than ±2% 

Rj- values of creatme and creatimne In order to 
obtam a separation between creatme and creatmme, 
several solvents were tried, sec -butanol and colhdme 
givmg satisfactory results (Table 1) Creatme and 
creatmme showed no movement m n pentanol, 
whereas m phenol creatmme moved as fast as the 
soli ent itself In n butanol the Rp value of creatme 
IS too low to be of practical use 

Table 1 Rp values of creatine and creatimne 
in various solvents at 17° 

(20 fil of 0 1 % aqueous solution used ) 

Solvent 

I- — ,, 

Compound v Butanol sec Butanol Colhdme 

Creatme 0 04 0 18 0 19 

Creatmme 0 20 0 33 0 46 

Table 2 Effect of temperature on Rp values 
of creatme and creatmme 

(20 pi of 0 1 % aqueous solution used ) 


Solvent sec butanol Solvent colhdme 


Temperature 

Creatme 

% 

Creatimne 

r t 

Creatme Creatmme 

17° 

018 

0 33 

019 

0 46 

20° 

— 

— 

0 14 — 

25° 

017 

0 29 

Oil 

040 


A rise m temperature produced a general decrease 
m Rp values (Table 2) This is m part due to the 
influence of temperature on the composition of the 
solvent and water phases, and the consequent dis- 
tribution of the compounds between the phases The 
effect of extraneous salts may be explamed similarly 
The effect is more marked with colhdme as solvent, 
the composition of the solvent phase changmg from 
41 7 to 62 8 % colhdme over the temperature range 
10-30°, m contrast to the change for the sec 
butanol water system of 61 7 to 66 0 % sec butanol 
Without temperature control, variations of 40% 
between values have been obtamed. 

In Table 3 are given Rp values for creatme and 
creatmme dete rmin ed m pure solution, m rat urme 
and m aqueous muscle extracts Chromatograms of 
rat urmes gave a single band when the strips were 
simply dned free of solvent, and an additional 
slower movmg band when the strips were heated at 

110° Chromatograms run with added creatme and 

creatmme showed that the bands obtamed from 
urme alone were attributable to these compounds 
The presence of urmary constituents produced dis 
tmet effects on the Rp values of the two compounds, 
the presence of creatmme m large excess, however. 
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having no effect on the movemmt of creatme Tlio 
solubihty of creatme m water is known to be 
mcreased by the presence of nnnary constituents 
and sodium salts as a result of salt formation An 
effect on the partition coefficient of this substance 
between organic solvents and water would therefore 
be erpected 


to those of creatme, but quite distmct from those 'of 
creatmme (Table 4) Since these substances give a 
direct Jafffi reaction, there is httle hkehhood of con 
fusion with creatme Pyruvic acid did not give 
bands when present m amounts much less than 
100 pg The test was more sensitive for acetoacetic 
acid, but the resulting bands faded rapidly 


Table 3 Bj, values of creatme and creaimme 
at 17° 


Table 4 By values of some 'Jaffi-posUive' 
substances tn pure solution at 17° 


(20 fil of solution used ) 


(20 fd of solution used ) 


Solvent 


sec 

n Butanol Butanol CoHidine 

Creatine 
0 1 % Solution 
0 026% Solution con 
taming 0 6 % creatmme 
Bat nnne (band I) 

1% Creating added to 
rat nnne 

6% Aqueous muscle' 
eirtraot 
Creatmme 
01% Solution 
Bat unne (band 11) 

0 1 % Creatinme added 
to rot unne 

The bands obtamed with rat unne were consider- 
ably broader than those from the pure solutions, and 
were much less sharply defined at the edges Apart 
from the amount of matenal used, the width of 
bands is detenmned by the presence of salts which 
tend to distort the bands, either by salt formation 
with the compound bemg chromatographed, or by 
the production of local alterations m solvent and 
water-phase composition on the strip As might bo 
anticipated from its amphoteric nature, creatme is 
the more affected m this way 
By values have been determined on pure solutions 
containing 4^100 jig of creatinme Over this range 
the values were not affected by the amount of com 
pound used Creatme and creatinme were easdy 
detectable in amounts down to 1 /ig 

By values of other 'Jaffi positive'' substances The 
majority of substances other than creatinme giving 
the Jaffb reaction may be recognized by further 
cheimcal tests, but the detection of creatinme at the 
same tuna presents numerous difficulties Tliese are 
to a largo evtent ov ercome w hen test solutions are 
examined by partition chromatography JaSd 
positive’ substances such ns acetone, acetaldehyde, 
glyoval, etc , are eliminated by volatdization dunng 
the drymg of the paper stops ‘Jaff^ positive’ m 
orgamc salts, e g ferrous sulpliate, showed* httle or 
no movement m the presence of orgamc solv ents, 
and were detectable only m relatn ely large amounts 
PjTunc and acetoacetic acids gave By values close 


Solvent 

A 

I » 

Compound sec Butanol Collidine 

Pymvio acid (0 6%) 018 — 

Acetoacetio acid (01%) 0 21 — 

Glycocyomidine (0 1 %) 0 30 0 43 

(0 37 at 26°) 

Glycocyamme was not converted to glycocyami- 
dme on paper strips after heating for several hours 
at 110° Glycocyamidine, however, gave By values 
in. coUidine and see -butanol close to those of crea 
tinme No separation between creatmme and glyco- 
cyamidme on chromatograms has been obtamed 
vvith the solvents used, mixtures of the two com- 
pounds giving rise to one broad band The bands 
obtained from equivalent amounts of the separate 
compounds were considerably different m their rates 
of colour development with alkaline sodium picrate 
The oreatimne band gave an intense and almost 
maximal colour withm a few seconds The glyco 
cyamidme band gave httle or no colour m this time, 
and required at least 10 mm for strong colour de 
velopment The various alkyl and acyl denv'atives 
of creatme and creatmme have not been tested 

DISCUSSION 

In the identification of creatme and cueatinme on 
the basis of partition chromatography, emphasis is 
transferred from the lack of specificity of the Jaff4 
reaction to the sumlanty in chromatographic he 
haviour of ‘ Jafffi positive ’ substances present m the 
test matenal to that of the pure compounds It has 
been shown that one compoimd most likely to mter 
fere with the detection of creatuune is glycoeyami- 
dme, although m the amoimts used the two com 
pounds hav e very different rates of colour formation, 
which might be used to distinguish the major com- 
ponent of a mixture of both compounds 

The By values of creatme and creatmme are suffi « 
ciently far apart to give clear cut separation of the 
two compounds, and to enable creatme, m the 
presence of its anhydride, to be identified m mixtures 
m which the creatme content is 1 % of the creatmme 
present or less The limit of satisfactory detection of 
either substance by the Jaff4 reaction is 1 jig With 


004 

0 18 

019 

— 

018 

— 


0 17 

013 

c 0 

016 

0 23 

— 

010 




020 

0-33 

0 46 

0-27 

020 

0 67 

017 

0 28 

0 57 
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dilute solutions, the uutinl pipetting of large volumes 
on to cliromatograms may lead to the accumulation 
of enough salts seriously to disturb band formation 
and movement For creatinme detection under 
these circumstances, prelirmnary adsorption on to 
Lloyd’s reagent (Behre <i, Benedict, 1922) is sug 
gested 

The methods described have not been extended 
beyond the quahtative detection of creatme and 
creatmme Prelunmar}'^ e-vperimonts mdicate that 
it IS doubtful whether the direct apphcation of the 
J aff4 reaction to paper chromatograms can bo mode 
sufficiently quantitatn e, owmg to the variations 
obtamed m the width of bands and the difficulty of 
sprajung on standard amounts of the reagents 
However, the bands of both compounds, m the 
particular solvents used, are discrete enough for 
their positions to be calculated from values 
wluch have been determmed from duphcate experi 


ments, the bands cut out of the strips and the 
creatmme extracted from the paper and estimated 
photocolorimetricaUy This prmciple has been 
applied with success by Flood, Hirst & Jones (1947) 
in the chromatograpluc identification and estimation 
of sugars 

smniARY 

1 A method is described for the identification of 
creatine and creatinme m biological material in 
amounts down to 1 /xg 

2 Creatme may be detected m the presence of 
large amounts of creatmme without resort to a 
quantitative estimation 

3 The effects of various factors infl uencing the 
reproducibdity of values are discussed 

The author wishes to thank Dr H King for the gift of 
a sample of glycocyamidme. Dr E Work for helpful advice 
and Hiss E Large for teehmcal assistance 
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The Fate of Ingested Creatinine in the Rat 

Bv G A MAW, Department of Biochemistry, University College, London 
(Received 2 February 1948) 


The published observations on the excretion of m- 
gested creatmme pomt to a large eind unaccounted 
loss of this substance when it is administered to rat, 
dog and man, generally not more than 80% of 
a given dose bemg excreted m the urme (Hunter, 
1928, Wang, 1939, Beard, 1943) Smee there appear 
to be no concomitant changes m blood urea (Fohn & 
Denis, 1912) or m the output of urmary urea and 
ammoma (Rose & Dimnntt, 1916), the fate of the 
unrecovered fraction of the dose has been the subject 
of some speculation Claims have been made that 
, creatmme retention takes place, or that conversion 
to creatme occurs (Beard & Jacob, 1939, Beard, 
1943) That losses might result from bacterial de- 
composition m the gut has been suggested (Beard, 
1943) In the earher studies there is no evidence that 
mtestmal absorption of an oral dose was complete 
and the likehhood of loss of part of a dose by 


excretion m the faeces does not seem to have been 
considered Dommguez & Pomerene (1946) found 
that m a human subject with an deal fistula, 75 % of 
an oral dose was recovered from the urme, m agree 
ment with other published data on man, but, m 
addition, that mtestmal absorption was mcomplete, 
creatmme bemg recovered m the material from the 
fistula to the extent of 26%, sufficient to accoimt 
for the apparent ‘loss’ of creatmme referred to by 
prenous workers 

A study has therefore been made of creatmme 
absorption m the rat m order to determme whether 
partial recovery of mgested doses may agam be 
explamed on the basis of mcomplete mtestmal 
absorption A senes of in intro experiments 
has also been earned out to examme the pos- 
sibihty of bactenal destruction of creatmme m 
the gut 
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iOSTHODS 

Bidlogtca} Adult albino mta of the Wistar strain, 
ranging in "weight from 200 to 300 g , were used Several of 
the animals ivere cnecectomiied 10 weeks prior to the 
expenmcnt The rats were housed m paws in metabohsm 
cages with unrestricted access to powdered rat cake and 
water Unne and faeces "were both collected under toluene 
over 24 hr periods The type of urme faeces separator 
employed (supphed by Laboratory Glass Blowers, 03 Low 
lands Road, Harrow, Middlesex), which is m general use m 
these laboratories is shown in Tig 1 The tipper flared end 
IS supported in contact with the base of a 10 in diam glass 
funnel Taeces fall through into a collecting flask and urme 
runs down the funnel into the circnlar trough m the 



Fig 1 Unne faeces separator (side view) 


separator, whence it is drained off thrhugh the side arm 
At the end of each 24 hr penod each collecting funnel and 
separator was nnsed with water and n HjS 04 For the 
dctermmation of creatmine alone, the nnno and nnsings 
were made up to 600 mL and filtered When creatine and 
creatinine irere bemg determined, the unne and rinsings 
were made up to 60 mL and filtered The filtrate was dilnted 
10 times for estimations of preformed creatinine, and the 
undiluted filtrate used for total creatme + creatinme deter 
mvnations, the analytical procedure employed giving a final 
tenfold dilution The 24 hr collections of faeces were freed 
from excess toluene by exposmg them to the air on filter 
papers for 16 mm They were then crushed to a thin 
smooth paste with a little water and the volume made up 
to 250 ml The suspension was shaken for 6 mm and allowed 
to stand for 16 mm Portions of the supernatant fiuid were 
centnfugod at flOOO r p m for 30 mm and used for creatinino 
determinations 

C/tCintca! Creatinme was determined on 2 ml samples of 
diluted unne filtrates and faecal extracts and creatme 
detemuned on 5 mb samples of unne filtrates bv methods 
described be Maw (1947) Blank’ detcmunations were 
BunuUaneously earned out to compensate for the colour of 
flic faecal extracts and for the slight increase in pigmenta 
tion of nnnes occumng dunng the estimation of creatme 
Creatinme in faecal extracts "was estimated enznnicallv 
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by the method of Miller, Allinson A Baker (1939) for 
creatmme m blood and urme The suspensions of creatinine 
assiHulatmg Corynebnettnum tireafacitnn were prepared 
accordmg to the procedure of Dubos A Mdlor (1937), the 
bacteria, obtamed from sod samples, being snbcultured for 
10 weeks on a nntnent solution containing 0 5% creatinme 
Creatinme present in faecal extracts was identified chromo- 
tographically on paper stnps -with water saturated colhdinfc 
and sec butanol as solvents (Maw, 1948) 

RESULTS 

Oral adtmn%s{ration of creatmint to normal arid 
caececioniized rats Tlie "validity of a study of the fate 
of ingested creatinine depends on (o) accurate 
measurement of both urmary creatinme excreted m 
excess of normal amounts and creatinme excreted m 
the faeces m excess of substances normally present 



Fig 2 24 hr nruiary creatinme excretion of pairs of rats 
given creatinme orally 


giving the Jaff6 reaction, and (6) avoidance of con- 
tamination of faeces by urme To ensure (a), pairs of 
rats were used and were given a preliminary penod 
of 10-14 dajiB m the metabolism cages to accustom 
them to the expenmental conditions At the end 
of this period outputs of "urme and faeces had 
become quite steady Urme and faeces were then 
collected every 24 hr for the next 6 da 5 rs, the dose of 
creatinme given by stomach tube m 1 5 ml water, 
and the urme and faeces collected daily for a further 
6 days 

A typical example of urinary creatinme excretion, 
before and after the oral admimstration of creatmme 
to pairs of rats, is shown m Fig 2 Dunng the first 
C day control penod the 24 hr outputs showed 
relatively httle x anation { + 6-7 %), urmary crea 
tinme nsmg immediately after admmistration of the 
dose and returning to predosage levels by the nest 
24 hr penod In order to minimize the effect of 
a possible a anation m normal output on the day of 
administration, the difference between the total 
creatinme outputs for the first and second 6 day 
penods was taken as being due to the oral dose 


CREATININE IN THE RAT 




144 


G A 

The excretion of substances m the faeces giving the 
JafFS test (termed faecal J + material) showed a 
similar pattern over the experimental period The 
24 lir outputs from different parrs of rats, expressed 
03 creatimne, were 2-6 mg /rat, and for a given pair 
of rats showed a maximum variation of ± 17 % from 
mean values Forty analyses of faeces from one pair 
of rats gave values of 17"+ material, expressed as 
creatimne, rangmg from 0 20 to 0 26 mg /g fresh 
faeces 



Fig 3 Urmory nnd faecal excretion of oreatinino in two 

caecectomized rats foUoiving an oral dose (25 mg /rat) 

The possibihty of contammation of faeces by 
urme was checked Thetypeofimne faeces separator 
used m these experiments was very reliable m pre 
ventmg such contammation Sixty seven routme 
analyses of faeces collected from the metabobsm 
cages gave values for J + matenal/g agreemg with 
those obtamed from faeces collected directly from 
rats during defaecation This was verified imder 
experimental conditions by followmg the course of 
excretion of creatimne m pairs of rats for 10 hr 


immediately followmg its oral admmistration A 
typical result for two caecectomized rats is given m 
Fig 3 CHianges m faecal J + matenal occurred m 
dependently of changes m the level of urmnry 
creatimne The peak urmary excretion was reached 
withm the first 4 hr , and had fallen to predosage 
levels after G hr The mcreases m faecal J + matenal 
occurred only withm the second 6 hr period, and 
dimng the first 6 hr , when contammation by urinary 
creatimne would have been most likely, the 
amount/g faeces remamed the same as that of' 
faeces collected with precautions against any contact 
with urme No noticeable effect on excretory levels 
was produced by control doses of water 

The J + matenal normally present m rat faeces 
has not been identified, but the rise m faecal J + 
substances resultmg from an oral dose of creatmme 
appears to have been due to this compound Tins 
seems certam for the foUowmg reasons 

(i) Behaviour of the faecal 'creatimne’ tn the pre 
settee of creatininc-deslroying enzyme suspensions 
from Corynebacterium ureafaciens The use of the 
enzjmic method directly on faecal suspensions or 
extracts was not wholly satisfactory on account of 
the presence of enzyme mliibitmg substances m rat 
faeces Creatmme solutions winch were destroyed 
to the extent of 96 % by the enzjme preparation 
were only destroj'ed to the extent of 42-49 % m the 
same time when faeces were present Wlien, how 
ever, the faecal ‘creatmme’ at eqmvalent ooncen 
trations was meubated with the enzyme suspension, 
it was assimdated to the same extent 

(ii) Identification of the faecal 'creatimne' by 
partition chromatography Rf values of creatmme 
added to faeces were compared with those of faecal 
‘ creatmme ’ usmg one dimensional cliromatograms 
The values obtamed for solvents colhdme and sec 
butanol are shown m Table 1 

It has been pomted out (Maw, 1948) that of other 
Jaffd positive substances, at least one, glycocyami- 
dme, has values close to those of creatmme 
However, from the rate of colour development in the 
presence of alkahne sodium picrate there is strong 
mdication that the substance present m the faeces 
18 creatmme The fact that the amount of faecal J + 
matenal in excess of the normal output, wlien ex 
pressed as creatmme, together with the extra 
creatmme excreted m the urme accounted m every 


Dose of 
creatimne 
(mg /rat) 

46 

46 

45 

60 

60 


Table 1 Rp values of creatimne and faecal ‘creatinine’ at 17° 

Solvent colhdme Solvent sec butanol 

, X 


Faecal 

Creatmme 

r 

Faecal 

Creatimne 

‘creatmme’ 

added to faeces 

‘creatmme’ 

added to faeces 

0 46 

0 46 

0 26 

027 

0 46 

0 46 

0 27 

0 28 

044 

0 45 

— 


046 

0 46 

0 27 

0 27 

044 

0 46 

0 27 

0 27 
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case for the adnurustered. dose (as described below), 
IB taken as additional support 

Creatmme was fed to pairs of rats m doses ranging 
from 30 to 60 mg /rat m a further senes of 12 day 
experiments Both normal and caecectomized rats 
were used to check the possibility of destruction of 
creatinine by mtestmal hactena as discussed m the 
note below Inhoth these and the 10 hr experiments 
part of the dose appeared m the faeces The short 
term experiments mdicated that this was the result 
of mcomplete mtestmal absorption, smce the m 
crease m J + matenal m the faecal pellets comeided 
with the appearance of animal charcoal given 
sunultaneously with the dose The results for the 


experiments with normal rats and with caeceoto 
TTHTo d rats, m which the tune taken for matenal to 
pass through the gut was reduced from about 12 to 
8-9 hr , mdicated httle or no loss by this path In 
a senes of in vitro experiments, creatinme solutions 
were mcubated aerobically and anaerobically with 
crushed fresh faeces from rats under a variety of 
conditions to determme the extent of bacterial 
destruction Under the conditions found most 
favourable for creatmme breakdown, there was no 
aerobic destruction withm the first 10 hr Anaero- 
bically, creatmme was found to be stable m the 
presence of faeces for 6-7 hr , destruction bemg 
detectable after this tune and practically complete 


Table 2 Urinary and faecal excretion of creatinine in pairs of rats after an orally administered dose 



(n=nonnal, c 

= caecectomized, *=given by sabcntaneons mjection ) 




Amount of dose (%) 

m 

Amount of dose 

Dose 


A 

f 

s 

recovered 

(mg /rat) 

Rat 

Faeces 

Urme 

(%) 

40 

cd 

— 

40 9 

— 

45 

n? 

— 

489 

— 

60 

c d 

— 

47 6 

— 

30 

cd 

440 

47 2 

91 2 

30 

ad 

28 3 

70 2 

98 6 

46 

"d 

101 

864 

96 5 

60 

6d 

344 

67 0 

101 4 

46* 

n d 

00 

93 7 

98 7 


12 day experiments are given m Table 2 The 
recovery from the urm? vaned considerably, ranging 
from 40 to 86 % of the dose This agrees with other 
pubhshed data The faecal creatmme excreted 
amounted to 10-44 % , and together with the fraction 
excreted m the urme gave almost complete recovery 
(91—101 %) of the administered dose m every case 
In one experiment, urinary creatme was also deter- 
mmed for periods of 11 days before and after 
administration The total creatme outputs for the 
two periods were 121 9 and 114 8 mg /pair of rats 
No extra creatmuria took place as a result of the 
creatinme administration Daily variations from 
the mean 24 lir output were much larger than m 
the case of creatmme, bemg c ± 60 % A dose of 
creatinme given by mjection produced no rise m 
faecal J + matenal, mdicatmg no apparent ex 
crotion mto the mtestmal tract, 99% of the dose 
was recoi ered m the urme 

Note on the destruction of creatinine by intestinal 
bactcna Twort «& ilellanhy (1912) reported thot 
sei oral commonly occumng organisms were capable 
of motabolizmg creatme, mcludmg a large Gram- 
positive anaerobic bacillus present m the mtestme of 
the cat from the duodenum to the rectum, and a 
Gram negatii o colon baciUus present m human 
faeces Tliev pomted out that the possibihty of 
‘retention’ of creatme m mgestion expenments 
bemg partly duo to bactenal action could not be 
excluded Tins might also apply m the case of 
creatmme ndmmistration, although the recoiery 
Biochem 194S, 43 


after 20-30 hr The destruction m the presence of 
complete mtestmal contents of rats under con- 
ditions most favourable for bactenal action was very 
much slower, c 26 % m 20-26 hr The penod dunng 
which creatmme was found not to be destroyed m 
the presence of faeces is of the same order as the 
time it would be present m the gut of a rat Although 
no more than a quahtative comparison may be 
drawn between the in invo and in vitro experiments, 
the latter suggest that any breakdown occumng 
dunng mgestion expenments is not extensive, as 
home out by the recovery values 

DISCUSSION 

The conversion of creatmme to creatme in invo has 
been claimed on the grounds that creatmme m- 
gestion or mjeotion have been shown to give rise to 
temporary mcreases m muscle creatme m rabbits 
(Myers & Fme, 1913), rats (Beard & Jacob, 1939) 
and chicks (Almquist, Mecohi & Kratzer, 1941), with 
occasionally an accompanying creatmuna (Towles & 
Voegthn, 1912, Beard & Jacob, 1939) However, 
none of the studies m which the creatmme was given 
orally mcluded an examination of faeces for the 
compoimd, and no proof was provided that m 
testinal absorption was complete That mgested 
creatmme was only partly absorbed from the small 
mtestme of the human subject of Dommguez & 
Pomerene (1946) suggests that it is unnecessary to 
postulate any metoboho transformation of crea- 
tuimo to accoimt for the total quantity administered 

10 
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Furtliermoro, the creatmme creatine conversion 
could not be verified by Bloch &, Schoenheuner (1939) 
usmg ^''N-labelled creatmme fed to rats 

The findmgs m this study on tlxe oral admmistra- 
tion of creatmme to rats have confirmed those of 
Dommguez & Pomerene (1946) on a human subject 
The mcreased ufmary excretion amounted to as 
much as 86% of the dose Creatmme was also 
found m the faeces, and appearofi along mth 
simultaneously administered animal charcoal Hie 
practically quantitative recovery of administered 
amounts from urmo and faeces together suggests 
that creatmme suffers little or no destruction m the 
body or mtestmo, and that the fraction of the dose 
livlnch IS absorbed is quantitatively excreted by the 
kidney 

The excretion of creatme ivas foUoaed for two 
consecutive 11 day periods before and after crea 
tmme admuustration No mcreased creatmuria was 
observed Beard & Jacob (1939) claim to have 
obtamed a rise m muscle creatme of rats of 14—41 %, 
together with pronounced mcreases m creatme ex- 
cretion Beard (1943) has stated ‘under normal 
conditions it is very easy to show a new pro- 
duction and excretion of excess creatme from its 
various precursors m the diet’ Yet m the same 
chapter m this monograph appears the statement 
‘wide variations m creatme and creatmme excretion 
may and usually do occur m a given mdividual or m 
different mdividuals’ The latter is the general 
finding, and deprives the former statement of its 
vahdity The daily output of creatme is subject to 
considerable fiuctuation, makmg a oreatmuna due 
to experimental causes difficult to evaluate with any 
precision over short periods of tune 

The fate of mgested creatmme can bo adequately 
accounted for on theJbasis of its partial absorption 
and immediate and complete excretion, without 
mtroducmg the assumption that part of a dose is 
retamed, hydrated or otherwise metabolized Until 
further information is available, another explanation 
must be sought for the changes m muscle creatme 
which have been reported Injected creatmme has 
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been shown to undergo complete excretion via 
the kidney only Tins is m agreement with the 
studies of Dommguez, Goldblatt &, Pomerene (1935) 
on dogs, and those of Dommguez & Pomerene (1946) 
on humans, m contrast to the findmgs of Beard 
(1943) This result ism accordance with themgestion 
experiments, agam mdicatmg that creatmme en 
termg the blood stream is entirely elimmated 

Quahtatively, administered creatme behaves 
simdarly Only a small fraction of a dose is excreted 
m the urme and no apparent changes m urmarxurea 
and ammoma are produced Some creatme enters 
the muscles, but not m sufficient amounts to 
account for the whole of the unrecovered portion 
Intestmal breakdown by bacteria has been cited as 
probable From the above observations on mgested 
creatmme it is thought that the low urmary recovery 
of creatme may also be due, m part at least, to its 
mcomplete absoiption 

SUMMARY 

1 Creatmme administered orally to normal and to 
caecectormzed adult rats m doses of 30-60 mg /rat 
was excreted m the urme m amounts up to 86 % of 
the dose No mcreased creatmuna was mduced 

2 Oeatinine also appeared m the faeces, the 
firaction of the dose excreted m this manner together 
with the fraction elimmated m the urme accounting 
completely, withm the Imuts of experimental error, 
for the administered dose 

3 Orally administered creatmme is only partly 
absorbed from the mtestme, the portion of the dose 
which IB absorbed being immediately and com 
pletely excreted It is considered unnecessary to 
postulate any metabolism or retention of orally 
administered creatmme 

4 In experiments tn vivo and vUro, oreatirune 
has been found to suffer httle or no bacterial 
destruction m the mtestme 

The author wishes to thank Miss E Large for her technical 
assistance and the Umversity of London for a grant from 
the Central Eesearch Fund 
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Boiled or dried leaves have generally been used m 
obtammg the data already m the hterature on the 
effect of fertihzer treatment on nitrogen and pbos 
phoruB levels m tobacco leaves (Vickery, Pucber, 
Wakeman & Leavenworth, 1940, Ward, 1942) In 
addition, muoh work has been done on cured 
material 

In the work reported m this paper methods of 
fractionation were such that sap and fibre fractions 
w'ero obtamed from fresh matenal Nitrogen and 
phosphorus determmations were made on all 
fraetions, and, m addition, the levels of protease and 
pectase were determmed on somei 

METHODS 

Groiotng of the ylanla Healthy tobacco {Ntcoltana 
tabacum var White Burley) was grown m pots m a heated 
glasshouse by the Plant Pathology Department Potting 
matenal (1 /pot) was made up of 60% sod, 26% sand 
and 25 % peat Analyses of the mixture indicated that it 
was relatively deficient m N and P, but not lacking in K. 
Supplements of fertilizer, when added either singly or m 
combination, were at the rate of 2 8 g (NH^l^SO*, 0 76 g 
0a(H,POds and 1 1 g K^SO^/pot The fertilizer was mixed 
with the sod when the plants wore potted In each expen 
mont eight groups of five pots were used The fertdizer 
treatment in the eight groups was nd, N, P N and P, 
K, H and K, P and K, N, P and K. Table I gives the 
cultural history of the plants and the method of sampling 
employed 

Harmsh-ng of the plants Usually the plants of half the 
fertihzer groups were harvested 3 days later than the others 
(the former having boon used as controls for similar fertilizer 
treatments with virus infected plants to be desenbed in 
a subsequent paper) Plante were cut at soil level, adhering 


sod brushed off, and each plant was weighed to the nearest 
0 1 g In some experiments all the leaves were removed 
(Table 1), whde m the others five leaves of corresponding 
position and age were removed from each plant Pmally 
the five lots of leaves m the group were pooled and 
weighed. 

FraciwmUon Withm 1 hr of harvesting the samples 
from each treatment were mmoed in a domestic meat 
nimcer and the sap expressed by hand through mada 
poUam The residue after hand squeezing was remmeed and 
agam squeezed. The hqmd obtamed was termed ‘ crude sap ’ 
and the residue of fibrous matenal ‘unwashed fibre’ 
Washings from the mmeer were added to the unwashed 
fibre, and more water added to bnng the total to about 
five tunes the volume of omde sap This fibre suspension 
was squeezed through the cloth, and the flmd obtamed 
called ‘washings’ Washings and crude sap were kept 
separate, the volumes taken, and the fibre (washed fibre) 
weighed 

Crude sap was spun on a centrifuge for 16 mm. at 
3600 r p m (1600 x g), and the supernatant fluid decanted 
from the deposit of cell debns, starch and chloroplastio 
matenal The supernatant flmd was called ‘sap’ and the 
deposit ‘sap sediment’ 

Analyses (1) Dry maiier Measured portions of each 
fraction were dned overnight at 96-100'’ and weighed 

(2) Ntlrogesi Total N was detemuned by a micro 
Kjeldahl method usmg SeO, CuSO^ K^SOj (1 1 8) 
catalyst Non protem N was determmed by analysis of the 
supernatant flmd obtamed after the addition of an equal 
volume of 10% triohloroacetio amd. Non protein N esti 
mations were made on the washings in the first experiment, 
but not subsequently, as the results obtained showed that 
the washings were eqmvalent to diluted sap For the 
purposes of calculation it was assumed that errors intro 
duced by treating sap sediment and fibre N as protem N 
would not be large (Gramck, 1938) 


Table 1 Cultural history of the tobacco plants 


Date potted 

(1) II X 40 

(2) 31 X 46 

(3) 4 u 40 

(4) 21 V 40 
(6) 31 vu 40 


Date harvested 
30 XU 40-2 I 47 
21 n 40-20 II 40 
20 IV 40-2 V 40 
11 vu 40-10 vn 40 
23 IX 40-20 IX 40 


' Five largest leaves on 17 xif 46, II u. 40 and 16 iv 
on the dates shown m the table 



Average weight of 
whole plant with 
full fertilizer 

Method* of 

Sunshme 

supplement 

samplmg 

(hr) 

(g) 

(leaves taken) 

168-167 

341 

5 

190-222 

92 0 

5 

187-195 

105 2 

6 

290-333 

144 5 

All 

228-238 

88-0 

All 


40, respectively m (1), (2) and (3) were marked, and harvested 


10 2 
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(3) Phosphorus was determined by a modification of the 
method of Kuttner t Lichtenstem (1932) 

(4) Pectase was deter min ed on sap and on washed fibre 
(NajEDPOi extract, pH 8) by the method previously 
described (Holden, 1946) 

(6) Protease was determmed on sap and washed fibre by 
the method previously described (Tracey, 1948) 

Analysis of data The data obtamed were analyzed 
statistically by the methods described by Yates (1937) The 
results of this analysis are given m the form of mam 
effeots of N, P and K, and the mteraotion of N and P, other 
mteractions bemg negligible The treatment effect is one 
quarter of the difierenoe between the sum of the values of 
the four sets receivmg a treatment and the sum of the 
values of the four not receiving it, e g N effect = J(N +N 
and P+N and K+N, P and K) - J(0 + P + P and K+K) 
Thus if half the treatment effect is added or subtracted, 
accordmg to sign, to or from the mean of all the treat- 
ments, the value for the leaves with that supplement is 
obtamed The standard errors given are for the treatment 
effects Treatment effects greater than twice their standard 
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error are regarded as significant Extreme ranges and mean 
values of all treatments combmed, and the means for no 
treatment group and N, P and K group separately, are 
tabulated In all, 200 plants were harvested giving 40 
results for groups of fiye plants Eigures for the tivo 
methods of samphng have not been separated This affects 
the values quoted for total dry matter, N and P, but does 
not alter the significance of the fertilizer effect on these 
values. 

RESULTS 

Dry matter, nitrogen and phosphorus The results 
obtained are given in Tables 2-4 
Protease The results are given in Table 6 For the 
purpose of calculating the total protease of the 
leaves, it was assumed that the activity/g protem N 
of the washmgs was the same as that of the sap, and 
that the sap sediment fraction had no activity The 
figures for total protease/g total protem N mdicate 


Table 2 Variation in dry •matter content of tobacco plants 




Mean 

Mean 

Mean 







ofaU 

of un 

ofN, 

Fertdizer effects 




Extreme 

treat- 

treated P and K , 


_A 

\ 

Standard 


range 

ments 

group 

group N 

P 

K 

NandP 

error 

Wet weight of 

35 2-722 4 

204 49 

99 8 

446 4 -1-98 

-H85 

-t36 

+ 84 

±219 

whole plants 









(g) 









Dry matter (% 

7 1-16 8 

11 9 

11 7 

122 -09 

+ 13 

+ 01 

+02 

±0 33 

of wet weight 









of leaves) 









Total dry 

1 80-64 60 

17 22 

10 12 

3185 -t6 37 

-fl2 86 

+ 122 

+ 6 06 

± 221 

matter (g ) 









Dry matter 

31 2-71 1 

60 3 

60 3 

641 -1-30 

-1-0 05 

-06 

+3 6 

± 13 

(mg /ml sap) 









Fibre dry matter 

42-66 

61 2 

49 6 

614 -2 9 

-f 48 

+0 6 

-02 

± 132 

(% total dry 









matter) 










Table 3 Vanation in nitrogen content of tobacco plants 





Mean 

Mean 

Mean 


1 





ofaU 

of un 

ofN, 

Fertilizer effects 




Extreme 

treat- 

treated 

P and K , 





Standard 


range 

ments 

group 

group N 

• P 

K 

NandP 

error 

Total N (% of 

1 03-6 89 

3 26 

2 86 

3 22 -1-190 

- 0 94 

-0 36 

- 0 22 

±0 22 

dry matter of 


1 







leaves) 









Total N (mg ) 

76-2048 

476 

244 6 

821 6 -f426 

-t-203 

-46 

+ 166 

±66 

N (mg /ml sap) 

0 94r^ 62 

2 20 

1 86 

2 23 -H42 

- 0 82 

-0 22 

- 0 34 

±0 61 

Protem N 

0 47-2 62 

1 20 

1 04 

1 66 -to 63 

- 0 08 

-0 03 

+ 0 16 

±016 

(mg /mb sap) 









Sap N (% of 

1 84r-9 23 

4 41 

3 61 

4 29 +2 72 

- 160 

-0 31 

- 0 88 

± 024 

sap diy matter) 









‘Sap sediment’ 

9 9-30 3 

17 9 

17 0 

16 2 -3 0 

+ 03 

-06 

+ 1 1* 

± 1 23 

N (% of non 









fibre N) 









Sap protem N 

33-82 

67 2 

67 6 

69 2 - 4 6 

-til 8 

+ 23 

+ 11 1 

± 1 96 

(% of sap N) 


- 







Fibre N (% of 

29-69 

421 

424 

46 0 -3 8 

-t 92 

+ 09 

+ 33 

± 1 65 

total N) 









Fibre N (% of 

0 74-6 66 

2 66 

2 41 

2 77 -!-136 

- 0 37 

-033 

+ 017 

± 0 19 

fibre dry matter) 


* Appears to be a 

negative P and K effect of 2 9 


- 
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Table 4 Variation in phosphonia content oj tobacco plants 




Mean 
of all 

Mean 
of nn 

Mean 

ofN, 


Fertilizer effects 


- 


Extreme 

treat- 

treated 

P and K 

, 


-A 

N and P 

Standard 


range 

ments 

group 

group 

N 

P 

K 

error 

Total P(% dry 
matter) 

0 09-0 62 

0 246 

014 

034 

0 016 

-f 0 204 

-0 022 

-1- 0 060 

±0 018 

Total P (mg ) 

2 5-187 2 

429 

141 

89 1 

-1-18 8 

-1-66 3 

-1 8 

-1-18 0 

±82 

Sap P (% sap diy 
matter) 

0 09-1 09 

0 331 

014 

0 47 

- 0 046 

+ 0 301 

-0 046 

- 0 049 

±0 041 

Fibre P (% total P) 

26-68 

42 1 

48 

39 

-1- 30 

- 66 

-36 

-1- 44 

±1 96 

Fibre P (% fibre 
diy matter) 

0 08-0 40 

0189 

0 14 

0 23 

■1- 0 039 

-1- 0112 

-1- 0-043 

-f 0 026 

±0 0124 


Table 6 Variation in protease content of tobacco plants 
Jlean Mean Meali 

of all of nn of N, Fertilizer effects 



Extreme 

treat- 

treated 

P and K 

, 


K 

N and P 

Standard 


range 

ments 

group 

group 

N 

P 

error 

Total protease (nnits/g 

06-89 

3 63 

2 90 

4 46 

-0 30 

•tl 09 

+ 0 36 

+0 28 

±0 30 

dry matter) 

Protease (umts/g total 

20-428 

167 

126 8 

172 

-86 

■f71 

+ 26 

+ 46 

±18 9 

protem N) 

Protease (nmts/ml sap) 

0 03-0 63 

0 30 

023 

0 37 

-0 097 

-1-0 093 

+ 0 069 

-0 013 

± 0 031 

Protease (umts/g 

26-1040 

310 

209 

265 

-261 

-1-124 

+ 80 

-126 

±61 

protem N m sap) 

Protease (% m sap) 

24-86 

69 

67 4 

66 6 

-84 

-30 

+ 3 1 

-66 

± 37 

Protease (umts/g dry 

0 8-12 4 

300 

2 34 

418 

-1-0-74 

-1-1 12 

-0 06 

+0 72 

± 042 

fibre) 

Protease (umts/g 

22-262 

117 6 

98 2 

146 8 

-38 

+ 67 

+ 16 

+ 0 9 

±117 


filjre K) 


Table 6 Variation in peciase content of tobacco plants 




Mean 
of aU 

Mean 
of un 

Mean 

ofN, 


Fertilizer effects 




Extreme 

treat- 

treated 

P and K. 

1 


— 

V 

Standard 


range 

ments 

group 

group 

N 

P 

K. 

N and P 

error 

Fibre pectase (umts/ 
g dry matter) 

0 066-1 31 

0 36 

0 40 

0 23 

+ 017 

-036 

-0 01 

-0 07 

±0 06 

Fibre pectase (umts/ 
g N) 

4 4-33 4 

12 6 

17 6 

84 

-1 1 

-82 

+ 13 

+ 08 

±17 


the relative richness of the leaves in protease, and 
show that if aU the leaf protein were hydrolyzed at 
the same rate as gelatm it would be completely 
destroyed by the leaf protease m 2-10 days (de- 
pendmg on the fertilizer treatment) at 40° 

Pectase The effect of fertilizer treatment on the 
pectase content of tobacco leaves was mentioned 
bnefly m a previous paper (Holden, 1946) In the 
present senes of observations pectase was detor- 
mmed in sap and fibre The results (Table 6) given 
do not mclude those for sap, because m every 
instance the values were low, and not more than 
10 % of the total pectase was present m the sap 
Thus the earher obsermtion that the apphcation 
of H and P together mcreased the percentage of sap 


soluble enzyme was not confirmed The fibre pectase 
iS expressed as umts/g dry matter and umts/g 
N of fibre (Holden, 1946) The results of one expen- 
ment are not mcluded as several values were 
missmg 

DISCUSSION 

The effects found are summarized m Table 7 In 
spite of seasonal vanations m the size and com- 
position of the plants it was foimd that significant 
fertilizer effects were obtamed from the pooled data 
of all experiments While the seasonal effects are of 
undoubted importance it was felt that the results 
obtamed were not sufficient for discussion m this 
paper 
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Table 7 Summary of effects of fertilizers on tobacco plants 


Character 
Wet weight “ 

Total diy matter ' 

Total N 
Total P 

Fibre P as % fibre dry matter 

Dry matter as % wet weight 
Fibre dry matter as % total dry matter 
Fibre N as % of total N 
Protem N as % of total sap N 
Protease/g protem N of sap 
Protease/ml sap 
Protease/g total protem N 
Protease/g fibre N 

Total N as % dry matter 
Sap N as % dry matter of sap 
Peotase/g diy matter of fibre 
Sap dry matter/ml 
Fibre N as % dry matter of fil 
Total N/mL sap 
Protem N/mL sap 

Total P as % dry matter 
Sap P as % dry matter of sap 
Total protease/g dry matter 
Protease/g dry matter of fibre 

Peetase/g N of fibre I 
Fibre as % total P ) 

‘Sap sediment’ N as % non fibre N) 

Sap protease as % total protease ) 



Change 


Increased by both N and P 


Decreased by N 
Increased by P 


Inereased by N 
Decreased by P 

Increased by N 

Inereased by P 

Decreased by P 
Decreased by N 


Tlie obvious effects of both N and P supplements 
m making the plant grow to a greater total size 
explam their jomt action m mcreasmg wet weight, 
total N, and total P In respect of many effects, N 
and P appear to act m opposition This will be seen 
by inspection of the second section of Table 7 to 
be due to P mcreasmg the proportion of fibre, mamly 
carbohydrate m nature, while N mcreases the pro 
portion of protem and other mtrogenous com- 
pounds The proportion of the total N that is soluble 
IS mcreased by N as fertilizer, and similarly P 
mcreases the proportion of total P that is soluble 
These results migh t, be expected The effects of N 
and P on enzyme levels are, however, of more 
mterest The mcrease of protem due to N seems to 
be coupled with a decrease m the enzyme responsible 
for its breakdown, while the mcrease of ‘fibre’ (pre- 
sumably mvolvmg an increase m pectm) due to 
P IS coupled with a decrease m the enzyme re- 
sponsible for beg inning the breakdown of part of the 
fibre Unfortunately, the rigid mterpretation of the 
results of experiments such as these is difficult, smee 
the two fertilizers N and P affect the levels of all 
quantities measured Consequently there is no 
constituent to which changes can be referred Total 
dry'matter and total protem N have been used m 
the calculation of protease levels As the total dry 
matter may contam from 6 to 40 % of its weight as 
mtrogenous compounds (if the conventional factor 


of 6 8 is used for conversion) and the protem level is 
obviously mfiuenced by N as fertihzer, comparison 
of effects IS difficult The difficulty may be put m 
another way both protem and carbohydrate may be 
laid down m excess of the normal requirements 
(whatever these are), and there is no way of deter- 
mming the size of these ‘stores ’ or, alternatively, of 
decidmg whether too httle of these compounds is 
present for ‘health’ The amount of a substance 
present m a plant may be regarded as a reflexion 
of the balance between its synthesis and break 
down The changes m enz 3 me levels described are 
compatible with the view that these enzymes, 
which have a destructive action in intro, are not 
capable of sjnthesis in vivo, by reversal of theu 
action, and that other synthetic systems are 
mvolved 

No significant effects of potassium were observed, 
presumably because the K content of the sod was 
such that plants "without K supplement were not 
deficient 

SUMMARY 

1 The effect of supplements of mtrogen and 
phosphorus on the mtrogen and phosphorus content 
of leaf fractions of healthy pot grown tobacco has 
been dete rmin ed Experiments were earned out m 
five sets, each mcludmg eight different fertihzer 
treatments on groups of five plants 
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2 The effect of nitrogen and phosphorus on the 
levels of two enzymes, pectase and protease, was also 
determined on the same matenal 

3 Phosphorus increases the non-protem, or car- 
bohydrate, components of the leaf, while mtrogen 
increases the protem components 

4 Nitrogen moreases pectase levels, while phos- 


phorus decreases them The reverse is true for pro- 
tease It is suggested that this may mdicate the 
presence of different paths for the synthesis and 
breakdown of both peotm smd protem 
We wish to thank the Agncnltural Research Council for 
grants and Mr P J Anscomhe for advice on the statistical 
analysis 
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The Effect of Infection with Tobacco -Mosaic Virus on the Levels 
of Nitrogen, Phosphorus, Protease, and Pectase in Tobacco Leaves 
and on their Response to Fertilizers 

By MARGARET HOLDEN and M V TRACEY 
Bothamaitd Expenmental Staiton, Harpenden, Herts 

{Received 8 January 1948) 


The effect of fertilizers nn the levels of mtrogen, 
phosphorus, protease and pectase m healthy 
tobacco leaves has been described m a previous 
paper (Holden & Tracey, 1948) The plants used m 
getting the data given m this paper were a precisely 
similar senes, but were infected with tobacco mosaic 
virus 

Bawden (1943) and Wynd (1943) have reviewed 
the effects of virus infection on the metabolism of 
plants, and references to earher work on tobacco 
infected with tobacco mosaic viniB can be found m 
their papers The analyses desenbed were made on 
tobacco plants supphed by Mr F C Bawden and 
Mr B Kassanis, who were studying the effects of 
vanous fertilizer treatments on the sueceptibdity to 
infection and the multiphcation of tobacco mosaic 
virus The data presented are restricted to a com- 
ponson of the mtrogen, phosphorus, protease and 
pectase levels m mfeoted and healthy plants with 
different fertilizer treatments and the response to 
these treatments 

METHODS 

Plants used Tobacco (Aicoliaua labacnm var White 
Burley) plants were grown m pots m a heated glasshouse 


The fertilizer treatments and levels were as desenbed in the 
previous paper (Holden A Tracey, 1948) 

Infection of the plants with tobacco mosaic virus La three 
experiments the plants were infected by rubbuig five leaves 
with a virus preparation These plants were harvested after 
10-14 days, by which time only local vims multiphcation 
had occurred In the other two experiments the plants were 
infected when much younger, and grown for a penod 
sufficient for the vims to spread aystemically throughout 
the plant The cultural history of the plants is given m 
Table 1 

Fractionation and anedyats The preparation of leaf 
fractions and their analysis has been desenbed in the 
previous paper pH determinations were made on spun sap 
uamg a glass electrode Estimations of virus concentration 
were made on spun sap and washed fibre by Bawden A 
Kassanis (unpublished) 

Analysis of data The imtial stages of the statistical 
analysiB of the data were as desenbed previously, except that 
the results from local and systemio infection were kept 
separate The results for healthy controls were also analyzed, 
after these had been separated mto groups corresponding 
to controls for local and Bystemio infection to eliminate 
seasonal differences Standard errors for the means, and 
for the differences between means of healthy and in 
fccted plants, were calculated for both groups (systemic 
and local with their corresponding controls) A pooled 
standard error for the difference between fertilizer effects is 
given, as the individual standard errors were very similar 



152 


M HOLDEN 'AND M V TRACEY 


1948 


Table 1 Cultural htstory of the tobacco plants 


Date potted 

Date of mfection 

Length of 
infection 
(daj8) 

Average weight of 
plant* mth full 
fertilizer 
supplement 
(6) 

Method of 
sampling 
(leaves token) 

11 X.46 

17 

XU 40 

14 

I 33 3 

H 34 1 

6 

31 X 46 

12 

u 46 

10 

I 100 0 

H 92 0 

6 

4 u 40 

17 

IV 40 

10 

I 62 6 

6 

- 




H 106 2 


21 V 46 

11 

VI 40 

30 

I 112 2 

H 144 6 

All 

31 vu 46 

20 

vui 40 

36 

I 72 4 

H 88 0 

All 


• Here and m later tables, /= infected, H = healthy 


RESULTS 

The results obtamed are given m Tables 2-0 In 
Table 3 relating to N, the N contents have been 
given both in terms of the total N, and also total N 
with virus N subtracted for the systemic experi- 
ments Virus N figures were calculated from esti 


mated amounts of virus on the assumption that its 
N content was 16 6 % 

Tlie effects of systemic infection are summarized 
m Table 7 

The sap pH values are not recorded as there were 
no consistent differences either with different 

fertilizer treatments or with virus infection 

\ 


Table 2 Dry matter content of tobacco plants 

Standard 
error of 

Standard difference 






error of 


Mean 





between 


Con 



difference 

Mean 

ofN, 





fertilizer 


dition 



between 

of un 

P and 


Fertilizer effects 


effects 

Character 

of 

Extreme 


means of 

treated 

K 



A 


nn T 


/ 



> 


determined 

plant* 

range 

Mean 

I and Hj- 

group 

group 

N 

P 

K 

N and P 

and Ht 

Wet weight of 

L 

22-^ 

137 

±16 1 

75 

286 

-1- 30 

±160 

±14 

± 66 

±32 3 

plants (g ) 

H 

36-626 

162 

76 

366 

± 64 

±162 

±40 

± 61 


S 

20-661 

192 

±19 0 

78 

462 

±137 

±188 

±40 

±109 

±39 4 


E 

62-722 

269 

136 

681 

±164 

±220 

±26 

±133 

Wet weight of 

L 

14-262 

78 

± 74 

61 

148 

± 18 

± 64 

± 4 

± 29 

±14 7 

leaves (g ) 

H 

22-268 

79 

61 

147 

± 21 

± 67 

±14 

± 22 


S 

17-412 

166 

± 89 

70 

348 

± 99 

±134 

±33 

± 72 

±16 4 


H 

66-461 

208 

120 

386 

±101 

±124 

±14 

± 73 

Dry matter 
(% of wet 

L 

E 

7 3-16 9 

7 1-16 8 

11 6 
11 1 

±0 36 

11 1 
10 6 

11 9 
11 8 

- 0 06 
- 0 67 

±0 70 
±0 77 

±0 22 
±0 43 

- 0 06 
±0 26 

±0 71 

weight) 

S 

9 6-13 9 

11 7 

± 042 

10 9 

11 6 

- 0 31 

± 169 

-0 11 

- 0 69 

±0 86 


E 

10 0-16 1 

13 1 

13 3 

12 8 

- 143 

±2 13 

-048 

±0 13 

Total dry 

L 

1 6-43 9 

98 

± 181 

69 

20 6 

± 28 

± 89 

±09 

± 44 

±3 63 

matter (g ) 

E 

1 8-449 

98 

66 

19 9 

± 32 

± 80 

±21 

± 33 


8 

1 8-61 9 

18 6 

±2 21 

80 

404 

±11 4 

±17 3 

±33 

± 83 

± 442 


E 

63-646 

28 3 

16 9 

49 7 

±11 1 

±201 

±0 

±103 

•< Fibre dry 

L 

40-60 

48 6 

±0 93 

49 

49 

- 16 

± 20 

-06 

- 10 

± 187 

matter (% 

E 

42-67 

49 6 

47 

48 

- 30 

± 36 

-10 

± 0 


total diy 

8 

46-66 

66 3 

± 1 13 

60 

64 

- 50 

± 90 

±10 

- 20 

±2 26 

matter) 

E 

45-66 

63 0 

64 

66 

- 40 

± 80 

-10 

± 0 



* Hero and m later tables, jD=locally infected, S=8y8teniioally infected 
•(• See Table 1, footnote 
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COMPOSITION OF ITRUS INFESTED LEAVES 


Character 

measured 

N (% of dry 
matter) 


Total N (mg ) 


Sap N (% of dry 
matter) 


Sap N (mg /mL) 


Sap protem N 
(mg /ml) 


Sap sediment N 
^ of non flhre 


Titpre N (% of 
dry matter) 


Fibre N (% 
total N) 


Table A Nitrogen content oj tobacco plants 


Standard 

error of Mean 


Con 



differenoe 

Mean 

ofN, 





dition 



between 

of nn 

P and 


Fertilizer effects 

of 

Extreme 


means of treated 

K 

, 


A . 

1 

plant* 

range 

Mean 

I and fit 

group 

group 

N 

] 

P K 

N and P 

L 

1 10-6 80 

3 32 

1 A 1 /I 

2 88 

3 47 

+ 1 84 

- 

0 49 - 0 36 

+ 0 06 

H 

1 03-6 66 

3 29 

trrU lO 

3 06 

3 43 

±1 61 

- 

0 63 -0 60 

+ 012 

8 

2 29-0 20 

419 

±0 20 

386 

4 74 

+ 2 02 

- 

108 -013 

+ 018 

H 

1 27-6 89 

3 19 

2 62 

2 91 

-f2 33 

- 

167 -014 

-0 72 

L 

83-763 

269 

1 ka 

168 

499 

-t-172 

+ 182 - 27 

+ 132 

H 

76-691 

258 

rtOo 

161 

447 

+ 171 

+ 120 ±0 

+ 87 

8 

111-2060 

766 

±72 

290 

1823 

+ 792 

+ 619 +120 

+ 477 

B 

231-3282 

806 

370 

984 

+ 807 

+ 327 -113 

+ 282 

L 

2 10-8 80 

4 63 

±0 21 

364 

4 70 

+ 2 62 

- 

0 76 -0 31 

-0 40 

H 

2 17-6 90 

4 49 

3 90 

4 70 

+ 2 41 

- 

126 -0 26 

-0 60 

8 

3 16-8 95 

6 30 

±0 26 

4 62 

4 80 

+ 243 

- 

164 - 0 68 

-071 

B 

1 84-9 23 

4 28 

3 13 

3 61 

+ 3 19 

- 

2 12 -0 41 

-146 

L 

1 18-3 91 

2 20 

±011 

1 83 

2 36 

+ 122 

- 

0 62 -0 13 

-0 26 

B 

1 04-4 47 

2 16 

193 

2 37 

+ 1 16 

- 

0 62 -0 22 

-0 14 

8 

148-4 24 

2 82 

±0 14 

234 

2 79 

+ 162 


0 79 -0 21 

-0 11 

B 

1 lff4 62 

2 27 

1 72 

2 01 

+ 1 82 


1 10 -0 24 

-0 63 

L 

0 71-2 34 

137 

±0 08 

124 

1 76 

+ 0 62 

+ 

0-03 -0 01 

+ 0-13 

B 

0 61-2 62 

1 28 

1 16 

1 74 

+ 064 

+ 

0 04 -0 02 

+ 018 

8 

1 11-2 80 

1 84 


1 67 

2 20 

+ 0 89 

± 

0 -0 10 

+ 0 31 

8 

(0 67-2 26 

1 30 

±0 10 

1 10 

1 46 

+ 0 81 

- 

0-26 -0 06 

+ 016) 

B 

0-47-1 78 

108 


0 87 

1 29 

+ 0 77 

- 

017 -0 08 

+ 014 

L 

10 4-22 2 

16 3 


16 9 

16 4 

-01 

- 

01 -11 

+2 4 

B 

10 0-24 3 

10 6 

rtx 1 

14 7 

15 1 

-14 

+ 

17 -11 

+ 13 

8 

12 4-23 0 

16 8 

A 

18 8 

13 9 

-27 

- 

17 -12 

+ 07 

B 

9 9-30 3 

19 9 


20 3 

16 4 

-64 

- 

17 +04 

+ 06 

L 

0 76-4 98 

2 78 

f A 1 K 

264 

2 92 

+ 1 23 

— 

018 -0 47 

+ 023 

B 

0 74^ 08 

2 67 

±u lo 

264 

2 79 

+ 1 07 

- 

0 07 -0 63 

+0 37 

8 

2 07-4 90 

3 63 


3 61 

3 86 

+ 1 40 

- 

0 69 -0 16 

+ 0-47 

8 

(0 61-3 77 

2 41 

±019 

2 69 

2 11 

+ 1 14 

- 

137 -0 10 

+ 019) 

B 

1 07-6 86 

2 62 


2 22 

2 76 

+ 1 77 

- 

0 82 -0 06 

-014 

L 

3448 

41 2 

L 1 <>A 

46 

41 

-6 1 

+ 

43 -34 

+ 24 

B 

27-60 

38 8 

±1 AO 

39 

39 

-28 

+ 

62 -18 

+ 22 

8 

36-67 

466 

1 1 eft 

44 

68 

-11 

+ 103 +01 

+ 64 

B 

29-69 

47 2 

± 1 Ou 

48 

64 

-64 

+ 139 +04 

+ 6 1 


* See Table 2, footnote t Table 1, footnote 


Standard 
error of 
difference 
between 
fertdizer 
effects 
on I 
and £{-\ 

±0 31 
±040 

±117 

±144 

I 

±0 41 
±0 60 

±0 23 
±0 28 
±016 
±0 20 

±2 3 
±2 8 
±0 31 
±0 37 


±2 6 

±31 


DISCUSSION 

The data given m tabular form offer opportumties 
for extended discussion and speculation It is pro 
posed, lioweaer, to restrict the scope of the dis 
cusaion, but mcrense its validity, by considering only 
differencesmmeans of values-for mfeoted andhealthy 
plants, and by excluding anj that are not at least 
twice as great as the calculated standard error for 
differences between means 

Local multiphcation of the virus for a period of 
about 10 days results m no significant change m the 
response of the plants to fertilizer supplements, and 


to a difference m composition between healthy and 
infectdd plants only m the percentage of total P that 
IS m fibre 

Contmued multiphcation of the vims with its 
spread tliroughout the leaves has some effect on the 
response to fertilizer treatment, and causes profound 
changes m the size and composition of the leai es 
There are four instances of significant changes m 
fertilizer response The positive effect of P supple 
ments on the total N of the leaves is mcreased and 
the K effect is rev ersed Tlie negativ'e effect of N and 
the positive effect of P on the protease umts/g 
protem N of sap are both significantly enhanced. In 
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Con 

dition 


Character 

of 

measured 

plant' 

P (% of 

L 

dry 

U 

matter) 

S 

H 

Total P 

L 

(mg) 

H 

S 

H 

Sap P (% 

L 

of dry 

H 

matter) 

S 

H 

■Fibre P 

L 

(% of dry 

E 

matter) 

S 

E 

Fibre P (% 

L 

total P) 

E 

8 

E 


M HOLDEN AND M V TRACEY 


1948 


Table 4 Phosphorus content of tobacco plants 


Standard 




error of 


Mean 



difference 

Mean 

ofN, 

Extreme 


betiveen 

of un 

P and 


means of 

treated 

K 

range 

Mean 

I and E-f 

group 

group 

0 096-0 593 

0 256 

±0 020 

0131 

0 244 

0 092-0 466 

0 238 

0 198 

0 472 

0 182-0 600 

0 318 

±0 024 

0 214 

0 428 

0 142-0 470 

0 247 

0165 

0 330 

6 32-66 36 

26 20 

±21 

6 61 

35 84 

2 61-36 46 

24 20 

6 70 

43 81 

4 30-166 4 

05 60 

±2 7 

17 00 

168 60 

10 10-187 2 

76 40 

26 26 

167 00 

010-0 69 

0 367 

±0 054 

0100 

0 230 

0 09-0 78 

0 295 

0130 

0 430 

0 16-0 89 

0 432 

±0 006 

0 220 

0 660 

0 14-0 72 

0 448 

0 180 

0 640 

0 080-0 380 

0 200 

±0 013 

0130 

0 221 

0 080-0 400 

0183 

0120 

0 220 

0 186-0 395 

0 260 

±0 016 

0 200 

0 322 

0 140-0 390 

0 198 

0160 

0 241 

32-66 

426 

±14 

46 0 

39 6 

26-66 

39 6 

43 6 

36 3 

27-56 

443 

±18 

47 0 

406 

29-63 

46 9 

546 

43 0 


* See Table 2, footnote 


Standard 


error of 
difference 
between 



Fertilizer effects 

K 


fertilizer 
, effects 

' N 

P 

K 

N and P 

on i 
and E'f 

+ 0 016 
- 0 003 

+ 0176 
+ 0 216 

-0 032 
-0 021 

- 0 022 

- 0 008 

±0 040 

+ 0 030 
+ 0 030 

+ 0 210 
+ 0170 

-0 080 
-0 040 

- 0 046 

- 0 016 

±0 048 

+ 7 73 
+ 384 

+31 03 
+ 28 80 

-2 20 
+ 2 94 

+ 8 21 
+ 4 06 

±4 3 

+ 60 84 
+ 42 24 

+ 90 11 
+ 95 01 

+ 1 64 
--9 05 

+46 76 
+38 96 

±6 4 

- 0 043 

- 0 038 

+ 0 236 
+ 0 330 

-0 010 
-0 033 

- 0 070 

- 0 034 

±0108 

- 0 070 
+ 0 066 

+ 0 430 
+ 0 629 

-0 060 
-0189 

- 0 050 
+ 0 054 

±0133 

+ 0 040 
+ 0 029 

+ 0100 
+ 0128 

-0 060 
-0 046 

- 0 010 
+ 0 018 

±0 026 

+ 0 061 
+ 0 051 

+ 0 070 
+ 0 089 

-0 018 
-0 039 

+ 0 061 
- 0 039 

±0 031 

+ 03 
+ 1 6 

- 06 
- 46 

+04 

-09 

- 03 
+ 61 

±2 8 

+ 36 
+ 40 

-10 0 - 
- 78 

-1 1 
-66 

+ 20 
+ 33 

±3 6 


f See Table 1, footnote 


general, however, it may be said that the response to 
fertihzers of infected plants is similar to that shown 
by healthy plants 

Infection m the early stages of growth, leadmg to 
systemic spread of virus is well known to result m 
a yellowTng of the leaves and a stuntmg of the plant 
This stunting is shown m Table 2 as a reduction m 
the wet weight of the leaves, and there is a greater 
proportionate reduction of total dry matter, re- 
sultmg m a wetter leaf The decrease m dry matter is 
accompamed by a decrease m the total P, but the 
decrease m P content is less than that of dry matter 
so there is an mcrease m the P eis percentage of total 
dry matter, and as percentage of dry matter of the 
fibre firaction The mcrease is greater than can be 
accounted for by virus P 

Durmg the yellowung of the leaves m tobacco 
mosaic infection there may be a reduction m the 
chlorophyll content by as much as 60 % (Peterson & 
McKmney, 1938) Tlie reduction m chlorophyll is 
presumably accompamed by a decrease m the 
amount of protem with which it is associated Woods 
& Ihi Buy (1941) Rave shown that, particularly 
under conditions of N steirvation, chromoprotem 
diminishes m leaves as the amount of virus mcreases 
In the present experiments there wns a significant 
decrease m infected leaves m the sap sediment N 
fraction, which contains much of the chromo- 


protem As the leaves taken from infected plants 
were m various physiological states, from small dark 
green and large yellow green to completely yeUow 
leaves, the difference is not as great as would be 
expected if yeUow leaves only from mfected plants 
were compared with leaves of the same age from 
healthy plants 

The reduction m the carbohydrate content of 
tobacco leaves mfected with tobacco mosaic virus 
found by Dunlap (1930, 1931) agrees with the 
findings reported here, for, while there is a decrease 
m the total dry matter, there is no decrease m total 
N Dunlap found that there was a greater decrease 
m the starch and sugar content than m that of the 
other carbohydrates This would be m agreement 
with the present findings that there was a -greater 
loss of soluble fractions, which resulted m a greater 
proportion of the dry matter being m the fibre 
Cordmgley, Gramger, Pearsall & Wnght (1934) also 
found a decrease m total carbohydrate, but found 
that the proportion of the various fiwitions was the 
same m mfected and healthy plants These different 
results may be due to the different methods of 
fractionation and estimation used 

As systemic infection has no significant effect on 
the total N ofithe leaves it leads to an mcrease m N 
as percentage of dry matter The distribution of N 
between fibre and soluble fractions is not altered. 
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COSIPOSmON OF atkus-infested leaves 


Con 

dition 

Character of 

measured plant* 

Total protease L 

(umta/g dry H 

■weight) s 

H 

Protease L 

^umts/g H 

protem N) g 

H 


Protease L 

(umts/ml H 

sap) s 



H 

Protease 

L 

(nmts/g 

E 

dry Tveight 

a 

sap) 

H 

Protease 

L 

(nmts/g 

E 

protem N 

s 

of sap) 

E 

Protease 

L 

(umts/g dry 

E 

■weight of 

8 

fibre) 

E 

Fibre 

L 

(umts/g N) 

E 

a 

E 


Table 6 Protease content of tobacco plants Standard 

error of 



- 

Standard 
error of 


Mean 



difference 

Mean 

of N, 



between 

of un 

P and 

Extreme 


means of 

treated 

K 

range 

Mean 

I and E'\ 

group 

group 

14-10 6 
20-89 

42 

42 

±0 34 

37 

33 

6 0 
49 

14^7 1 

0 6-41 

33 

27 

± 042 

26 

22 

46 

3 8 

48-646 

36-428 

186 

183 

±20 

186 

136 

148 

184 

36-225 

20-203 

101 

117 

±24 

110 

78 

164 

100 

0 04-0 60 

0 07-0 63 

034 

034 

± 0 031 

0 29 
0 26 

0 46 
0 39 

0 07-0 42 

0 03-0 49 

0 22 
026 

± 0 038 

0 17 
019 

0 26 
0 33 

10-16 0 
16-13 3 

7 1 

7 1 

±0 62 

66 

60 

92 

76 

12-88 

0 6-10 6 

43 

49 

±0 76 

67 

37 

30 

07 

36-792 

38-89^ 

200 

316 

±39 9 

236 

213 

293 

261 

27-350 

26-1040 

141 

300 

±48 6 

112 

204 

127 

261 

1 0-11 7 
14-12 4 

37 

34 

± 0-38 

34 

27 

6 1 
49 

1 7-,8 8 

1 2-3 8 

34 

24 

±0 47 

26 
1 8 

42 

36 

21- 284 

22- 262 

128 

132 

± 86 

121 

107 

149 

169 

36-196 

26-160 

93 

98 

±10 P 

68 

86 

105 

126 

* See Table 2, footnote 




difference 

between 

fertilizer 

Fertilizer effects effecte 


N 

P 

K 

N andP 

and Ej 

-07 

-06 

+ 13 
+ 14 

-02 
+ 04 

-04 
+ 0 1 

±0 68 

+ 04 
±00 

+ 1 6 
+ 07 

+ 02 
+ 03 

+ 0 6 
+ 0 6 

± 086 

-70 

-91 

+ 18 
+ 74 

-49 
+ 24 

-68 

-26 

±40 

-43 

-66 

+ 66 
+ 41 

+ 16 
±0 0 

-18 
+ 26 

±48 

-0 13 
-0 13 

+ 0 16 
+ 0 08 

-0 01 
+ 0 08 

+ 004 
-004 

± 0 062 

-001 
-0 06 

+ 0 10 
+ 0 12 

+ 0 02 
+ 0 03 

+0 01 
+ 0 02 

± 0 077 

-26 

-33 

+ 34 
+ 14 

-04 
+ 24 

+ 06 
-13 

± 126 

-09 

-16 

+ 20 
+ 24 

+ 04 
+ 0 6 

-06 

-01 

± 163 

-230 

-248 

+ 164 
+ 140 

-16 
+ 90 

- 37 
-126 

±80 0 

-78 

-279 

+ 67 
+ 224 

+ 23 
+ 78 

- 41 
-126 

±97 2 

+ 04 
+ 0-9 

+ 07 
+ 1 7 

+ 0 6 
-03 

+ 0 6 
+ 07 

±0 77 

+ 10 
+ 06 

+ 13 
+ 02 

-07 
+ 04 

+ 09 
+ 07 

± 094 

-44 

-34 

+ 37 
+ 73 

+ 27 
+ 9 

- 6 
-12 

±17 3 

-16 

-43 

+ 65 
+ 33 

- 9 
+ 23 

+ 1 
+ 20 

±21 2 


t See Table 1, footnote 


Character 
measured 
Fibre (umtej/g 
dry matter) 


Fibre 

(umts/g X) 


Con 

dition 

of 

plant* 

L 

H 

8 

H 

L 

H 

It 


Table 6 Pectase content of tobacco plants 


Extreme 
range 
010-0 61 
0 07-0 61 

0 08-0 95 
0 08-1 31 

4 35-22 20 
4 45-17 20 

3 78-24 10 
0 70-33 46 



Standard 
error of 
difference 

hlean 

Mean 

ofN, 


between 

of un 

P and 


means of 

treated 

K 

Mean 

I and 

group 

group 

0 291 


0 35 

0 24 

0 26 1 


0-34 

0 20 

0 46 

±0 050 

0 65 

0 41 

O42J 


0 48 

0 26 

11 601 

15 30 

1128 

9 81 


13 01 

9 07 

12 33 

^ ±160 

16 50 

10 61 

16 68. 

1 

2192 

7 65 


Fertilizer effects 


N 

P 



K 

+ 0 126 
+ 0 106 

- 0 234 

- 0 216 

-0 013 
-0 009 

+ 0 194 
+ 0 226 

- 0 340 

- 0-482 

+ 0 081 
±0 

-1 37 
-0 16 

- 6 50 

- 5 32 

+ 2 16 
+ 1 68 

+ 1 62 
-2 25 

- 7 37 
-1465 

-0 72 
+ 0 69 


Standard 
error of 
difference 
between 
fertilizer 
effects 

, on I 

N and P and Hf 


-0 026) 
-0 028 I 

-0 038 I 
-0 1031 


±0-10 


+ 2 90-1 
+ 0-72 
+216 
+ 069J 


+3 00 


* See Table 2, footnote t See Table 1, footnote 

J For definition of units see Holden (1940) 
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and there is a corresponding increase m N as per 
centage of dry matter of both sap and fibre fractions 
One of the results of mfection is an mcrease m the 
rate at which the leaves yellow, which leaves of 
healthy plants do with mcreosed age The yellow 
healthy leaves, hke the infected leaves, have a higher 
water content than healthy green leaves (Srmmow, 
1940), but, unlike infected leaves, have less N/lOO g 
dry matter If virus N is subtracted from the total N 
the infected leaves stdl do not have less N/lOO g dry 
matter, so infection cannot be regarded simply as 
a premature agemg of the leaves 


Table 7 Effects of systemic infection of 
tobacco plants 


Decrease m 


Increase m 


No significant 
change in 


Wet weight of plants 

Wet weight of leaves 

Total dry matter 

Total phosphoms 

Dry matter as % ''ret weight 

Sap sediment N as % non fibre N 

Protease/g protem N of sap 

Pectase/g N of fibre 

Total N as % dry matter 

Fibre N as % dry matter 

Sap N as % dry matter 

Total P as % dry matter 

Fibre P as % drj matter 

Sap N/mL 

Protem N/ml 

% total diy matter as fibre 
Total protease/g dry weight 
Fibre protease/g dry weight 
Total N 

% total N on fibre 

% total P on fibre 

Sap P as % dry matter 

Total imits protease/g total protem N 

Fibre protease/g N 

Pectase/g dry matter of fibre 


1948 

66 % of the total N as virus N, and m one experiment 
(with plants given P but no N) 80 % of the fibre N 
was ^^rus N It is certam that the protem com 
ponents of systemically infected leaves are affected 
differently, as, for example, the decrease m chromo 
protem mentioned earher Several authors have 
referred to changes m enzyme levels caused by virus 
infection (Balls & Martin, 1938, Peterson L 
McEjimej, 1038, Wynd, 1942) In the present 
experiments systemic mfection affected protease 
and pectase levels differently Fibre pectase was 
related to non virus N, while fibre protease was 
related to total N levels Sap protease, on the other 
hand, was related to non-virus protem rather than 
to total protem N 


STOEMAilY 

1 The effects of supplements of mtrogen and 
phosphorus on the mtrogen and phosphorus content 
of leaf fractions of tobacco plants with local and 
systemic multiphcation of tobacco-mosaic virus 
were similar to those found with healthy plants 

2 The effect of local multiphcation of tobacco 
mosaic virus on the composition of the leaf fractions 
studied was neghgible 

3 Tlie effect of systemic multiphcation of tobacco 
mosaic vTTus on the composition of the fractions 
studied was profound 

4 Total mtrogen was not affected, wlule dry 
matter and phosphorus were reduced 

6 The levels of the two enzymes studied were 
affected differently Fibre protease was related to 
total fibre mtrogen while pectase appeared to be 
related to non virus fibre mtrogen 


Considermg the mean of all treatments, about one 
third of the total N is virus N, m agreement with 
Bawden & Pine (1946) But the range is from 10 to 


We wish to thank the Agncmltural Research Council for 
grants and Mr F J Anscombe for advice on the statistical 
analysis 
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Glycerylphosphorylcholme and Choline Glycerophosphate 


By M ALOISI akd P BUFF A, Centro di Stitdw per la Ftstopafologia del Oonetglto Naztonale 
delle Etcerche, letituto d% Patologia Generate, Borne 


{Received 30 December 1947) 


In 193S-9 at the Bntish Postgraduate Medical 
School, Kmg & Aloisi isolated from dried pancreas 
a glycerophosphonc ester of cholme which was 
found to he readily hydrolyzable Evidence was also 
ohtamed for theresistence of a diohohne ester This 
work was published only m 1946 owing to war 
difficulties In the same year Schmidt, Hershman 
&j Thannhauser (1946) reported the isolation of a- 
glycerylphosphorylchohne from the same matenaL 
They also found that the ester was very rapidly spht 
by N hydrochloric acid 

We have now tried to synthesize the cholme 
esters of both a and jS glycerophosphonc acid m 
order to exaxmne their metaboho behaviour m 
anunal tissues smd other cells The products 
obtamed by the few methods recorded m the 
hterature for the synthesis of p glyeerylphosphoryl 
ohohne (Arnold, 1940, Ravazzom & Fenaroh, 1940, 
BeUanti, Ercoh & Francioh, 1940, Mihalik, Jeney & 
Un, 1941) seemed unlikely to us to be esters of 
cholme (1), but rather to be salts of chohne and p 
glycerophosphonc acid (i e p glycerophosphate of 
chohne) (2) 


CHjOH 


0“ 

CH — 0 — = 0 

\)— CH,— CH,— N+(CH,); 

,OH 

( 1 ) 

CH.OH 


Ihj 


OH 

CH— 0—1^0 

V 

IHjOH 


*N{CH,),— CH,— CH.OH 
( 2 ) 


After havmg attempted the synthesis m several 
waje winch are bnefly descnbed, we decided to 
follow a method analogous to that used by Kaba- 
shuna (1938) for the synthesis of lecitliins (though 
this still requires assessment) Rai azzom & 
r enaroh (1940) also attempted this, but with no clear 
result Bromochohne picrate and silver glycero 
phosphate were treated m hot absolute ethanof for 
SOI oral hours, followed by removal of picnc acid and 
purification 


EXPERIMENTAL 

Preparation of chohne )3 glycerophosphate 

Method of Arnold (1940) This consists m boilmg 
bromochohne bromide (tnmethyl ^ bromoethyl- 
ammomum bromide) and silver ^ glycerophosphate 
in absolute ethanol Arnold obtamed a hygroscopic 
crystaUme product, m p 104r-106°, with a P/N 
atomic ratio = 1 and good analytical figures, it was 
precipitated from ethanoho solutions by ether and 
other solvents In Arnold’s paper there is no report 
about either a test for fine chohne (Florence’s 
reaction, cf Stanek, 1908) or the behaviour of the 
substance on hydrolysis But he quoted a property 
of his substance the significance of which could 
hardly be misleadmg, the cadmium precipitate of 
his ‘ester’ did not contam mtrogen These pro- 
perties were sufficient to raise the question whether 
Arnold’s product was really an ester of chohne 

In our expeninentB we boiled equivalent amounts of 
silver p glycerophosphate (from the Na salt, 100% pure 
P isomer by BBO, analysis) and bromochohne bromide 
(Kroger & Bergell, 1903, m p 230°) m absolute ethanol for 
7 hr m a N, atmosphere with thorough stimng After 
removal of AgBr and several precipitations with ether, we 
obtamed from ethanol ether mixture a fairly good crystaUme 
product, which showed the same properties as descnbed by 
Arnold It was very hygroscopic, with m p 104° when 
thoroughly dned over PjO, (Found N, 6 16, P, 11 24, 
chohne (method of Roman 1930), 40 3 Calc for 
C,H„0,NP N, 6 09, P, 1127, chohne, 44 0%) We 
obtained good crystals also from ethanol acetone and 
ethanol pyndme mixtures (see PI 2, Fig 1) 

Evidence that the substance is a chohne sail of p-glycero 
phosphoric acid [a) Ammomum remeckate gave from 
aqueous solutions crystals like chohne remeckate v hich did 
not contam P (6) The Florence test was positive and 
chohne ivas estimated quantitatively by the Roman (1930) 
method (c) With Ba(OH), the product yielded a pre- 
cipitate which eontamed P but no N (Ba p glycerophos 
phato) (d) With NH,OH m absolute ethanol at 2-4° 
crystals of ammomum P glycerophosphate were formed 
(«) Basic lead acetate, with and without addition of NH|OH, 
precipitated Pb glycerophosphate when the aqueous sola 
tion of the substance was sufficientlv concentrated (4-5 %) 
Weaker solutions gave a partial precipitate (17% from a 
0 64% solution) of a mixture with P/N = l (/) The pH 
titration curve showed a pK of 6 30 which corresponded to 
that of p glycerophosphonc acid 
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Preparation of choline a glycerophosphate 

This was not prepared by Arnold, but we followed 
the same procedure as for the ^ isomer The Naj 
a glycerophosphate from winch we started contamed 
88 % of pure a isomer (HIO^ analysis) The yield was 
practically a quantitative one The product was 
a hght yellow hygroscopic syrup soluble m ethanol, 
insoluble m ether We were not able to obtam 
crj>^stals from dry ethanol ether mixtures either 
after 3 months’ keepmg at 0°, or after 24 hr over 
sohd COj , under these conditions the ^ isomer imder- 
goes massive crystallization 

In the first steps of purification from ethanol 
solutions small white precipitates were formed and 
discarded Fmally the syrup became more and more 
difficult to dissolve m anhydrous cold ethanol The 
P/N ratio by weight was 2 3 (theory, 2 21) after 
several precipitations, this shoved that the sub- 
stance was a well defined compound Tlie evidence 
for a salt hke nature was the same os described for 
the )3 isomer The pH titration curve v as the same 
as for a glycerophosphorio acid over the range 
studied 

Method of MihaliL et al (1941) We did not see the 
origmal paper which was published m the Pro 
ceedmgs of the Hunganan Physiological Society 
Tlie method was reported to consist m puttmg 
together eqmvalent amounts of cholme base and 
P glycerophosphonc acid {apparently tn aqueous 
solution), and bodmg them for 36 hr In the report 
it IS stated that the product (m p 104-106°) did not 
contam free cholme as the Florence test was negative 
(cf Stanek, 1908) Tins is a rather doubtful result, 
srnce the meltmg pomt is the same as that of 
Arnold’s (1940) product which, as we showed above, 
IS actually a salt Furtliermore it is impossible to 
understand how an ester could be yielded by the 
mere contact of p glycerophosphonc acid and 
cholme m water, also m ethanol the affimty of the 
secondary OH group of glycerophosphonc acid for 
the N would be overwhehnmg 

We-have tried to obtam the cholme salt of p glycero 
phosphono acid by m ixin g eqmvalent amounts of p glycero 
phosphonc aoid and cholme base (from cholme chloride and 
wet Ag,0, or from tnmethylamme and ethylene oxide) m 
water, the mixture was dried at room temperature ta vacuo 
over PfO,, dissolved m absolute ethanol and precipitated 
several tunes with dry ether From the ethanohc solutions 
of the syrupy precipitate we got beautiful ciystals by 
adding dry ether or pyndme The crystals, dried in vacuo 
over PjOj at 70-76° for 30 hr , were stiU extremely hygro- 
scopic and showed amp 93—94° They gave the following 
analytical figures Found N, 4 26f P, 9 96, P/N, 2 3 
Calc for CgH^OjNP HjO N, 4 60, P, 9 96%, P/N, 2 2 

Inoigamo P and N were absent and all the N was present 
as cholme Attempts to elnnmate the water of crystaUi 
lation were unsuccessful (over PjOg at 76° tn vacuo for 
30 hr ) Apart from the above-mentioned difference, the 
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chemical bchanour of the substance was identical with that 
of Arnold’s product, and therefore gave further evidence of 
the salt like nature of the latter 

Methods of Ravazzoni <1 Fenaroli (1940) These authors 
gave two methods for the sjmthcsis of the cholme ester of 
P glycerophosphonc acid One is the same as that of 
Arnold, with the irrational vanant of operating m water as 
well as m methanol The other is based on the reaction of 
bromochohno picrato with monosilvcr glycerophosphate 
suspended m water After removal of picne acid and 
punfication, the authors obtained a crystalhne product 
which showed good analytical figures for C8H..0;NP They 
did not give the meltmg pomt of the substance, but they 
stated that the Florence test was negative and became 
positive onlj after hydrolysis with hot HCl No mfor 
motion V as given about the yield 

We repeated the preparation 03 desenbed by Ravazzom 
A Fenaroli and did not got a crystallme product, but only 
a httlo hght yellow syrup with a very low N content (P/N 
ratio by weight =6), which with basic lead acetate gave a 
precipitate free from N The Florence test was frankly 
positive, while m dilute solutions we had no evidence of 
cholme remeckatc crystals After hydrolysis with 2 n HCl 
at 100° the some dilute solution showed crystals of romec 
koto, it 18 well known that ammomum remeokate gives 
silky crystals with tnmethylamme, which is, however, 
negative to the Florence test 

Conclusion It ib obvious that none of these 
methods is hkely to give the choline esters of glycero . 
phosphonc acid Actually a crystalhne compound 
similar to that desenbed by Arnold can be obtained 
simply by mixing eqmvalent amounts of p glycero 
phosphoric acid and cholme base m aqueous solu 
tion 

a and p-Qlycerylphosphoryleholine 

Bemg aware from our previous work that the chief 
difficulty m prepanng the esters of cholme with 
glycerophosphonc acid lies m the strong afiSmty of 
the secondary OH group of glycerophosphonc acid 
for the N of cholme, we tried at first to obtam the 
esters by startmg with glycerophosphonc acid and 
ethylenimme m anliydrous media, foUowmg the 
model proposed by Christensen (1940) for the 
synthesis of phosphorylcolamme We mtended to 
attempt the methylation of the glycerylpho^horyl 
colamme eventually formed, accordmg to the 
method of Tner (1912) The ethylenimme was pre 
pared from colamme (obtamed accordmg to Knorr, 
1897) foUowmg the method of Wenker (1936) But 
our attempt was completely unsuccessful, as we got 
a white waxy substance with the expected P/N ratio, 
but which was agam a colamme salt of glycero 
phosphonc acid and not the expected ester Actually 
the precipitate with basic lead acetate did not 
contam N It was significant m this connexion that, 
on the contrary, phosphorylcolamme was easily 
obtamed by this method (and, even with better 
Snelds, by the direct reaction between phosphonc 
acid and colamme at high temperature) These 
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results convinced us that it was very difficult to 
prevent salt formation between the secondary OH 
group of glycerophosphonc acid and the ammo* 



Houn of hydrolyjlt 


Fig 2 Hydrolysis of synthetio a and ^ glycetylphos 
phoiylcliolme (0 66 mmoL) m 2ii HQ The dotted hue 
18 at the theoretical value 

group of oolamme, or ohohne, and that apparently 
this secondary OH group is far more difficult to 
estenfy than the primary one 
We then decided to try the picrate of bromo- 
chohne and sdver glycerophosphate m anhydrous 


conditions We assumed that the presence of the 
picric acid radical m the bromochohne molecule 
could prevent the salt linkage with the glycero 
phosphoric acid, which should he estenfied owing to 
the Ag Br affinity 

Preparationa We followed the same procedure for 
both a- and j3 glycerylphosphorylchohne, usmg 
sdver a- and jS glycerophosphates firom the corre- 
spondmg sodium salts (a isomer 88 %, |3 isomer 
100% pure with HIO 4 ) and bromochohne picrate 
(mp 160°) prepared from bromochohne bromide 
(m p 230°) and pionc acid m ethanol 

Eqnunolecnlar amounts of Agj glycerophosphate and 
bromochohne picrate were refluxed m absolute ethanol m 
an oil bath for 60 hr m darkness The clear ethanoho 
solution was filtered and evaporated to dryness in vacuo 
The sohd residue was extracted exhaustively with acetone 
The dry substance was soluble m water, but no longer 
soluble m ethanol, it contamed Ag The latter was removed 
with H,S from aqueous solution, which was filtered and 
brought to dryness agam tn vacuo at low temperature 
Before complete dryness was reached we found it necessary 
to neutralize the syrup m order to prevent hydrolysis The 
dry residue was a hght-yellow sticky syrup, almost in 
soluble m cold absolute ethanol, but easily soluble m water 
ethanol mixtures For both a and )3 preparations the 
yields were extremely low, and as we had to utihze them 
for biological purposes we did not try to establish other 
properties than those summanzed below 

lie aqueous solutions were about pH 4, morgamo P 
and N were absent, P/N ratio =2 22 (theoretical =2 21), 
Florence and remediate tests were negative, after hydro 
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Fig 3 Oxidation of different substrates by guinea pig hver, kidney and bram tissues The curves show the extra 
Qxreen uptake due to the added substrate l=Ha, a glycerophosphate, 2=Ka glycerophosphate, 3=cbohne 
aglycerophosphatc, 4 = cholmo glvcerophospbate, 5=glyceiyl-a phosphoiylcholme, 0 =gh eery] B phosphorvl 

fmoT Pn'Tr'o V recording to Potter 1 Elvehjem 

4abuo to 3 iS Temper?^" 38° "" Pty^iological 
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lysis mth 2n HCl at 100° considerable amounts of cholmo 
were set free durmg the first 15-30 mm (cf Roman, 1930), 
these amounts m both a and glycerylphosphorylcholmo 
ivere practically consistent with the theoretical figures (see 
Fig 2), bearmg m mmd that durmg the hydrolysis the 
chohne values tend to drop owmg to destruction of cholme 
These results are qmte similar to those found by Kmg A, 
Aloisi (1946) and by Schmidt, Herschman & Thannhauser 
(1946) workmg with the natural a glycerylphosphoryl 
cholme extracted from beef pancreas This gave assurance 
that with this method it is really possible to obtam the 
chohne esters of glycerophosphorio aoids For our biological 
purposes the method was qmte satisfactory for wo had 
sufficient amounts of fairly pure esters to carry on our 
respirometnc measurements, but from the chemical pomt 
of view the method is less satisfactory owmg to the very 
low yields With this method, however, it should be possible 
to obtam a dichohne ester by workmg with 1 mol of sdver 
glycerophosphate and 2 mol of bromocholme picrate 

Biological behaviour The oxidations of «- and 
^-glycerylphosphorylchobne, m comparison with 
sodium a- and p glycerophosphate, and with chohne 
a- and p glycerophosphate, by hving tissues in vitro 
are recorded by us m another paper (Aloisi & Buffa, 
1947) We want here only to note (see Fig 3) that 
m all cases (following Warburg procedure) the a- 
iBomers are better utdized than the p isomers, and 
that the cholme esters and cholme salts are oxidized 
by hver more actively than the sodium glycero 
phosphates, while other tissues (kidney, bram) 
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oxidize the simple glycerophosphates better than 
the esters In our conditions chohne ovidase worked 
at a very slow rate Other tests, with bacteria, are 
m progress 

STOOIARY 

1 It IS shown that the methods foxmd m the 
hterature for the synthesis of p glycerylpho^horyl 
cholme are likely to give only the chohne salts of 
p glycerophosphonc acid 

2 Chohne a and p glycerophosphate (the latter 
m crystallme form) have been prepared and 
described 

3 The difficulty m obtammg the chohne and 
colomme esters lay m the fact that lomc reaction 
preponderated and esterification was prevented 

4 Linkage between chohne and glycerophos 
phone acid was obtamed by treatmg bromocholme 
picrate with silver a- and p glycerophosphates under 
anhydrous conditions 

6 Evidence is given of the formation by this pro 
cedure of the cholme esters, the a-isomer of which 
had the same properties as the naturally occurrmg 
compound 

6 Prehmmary data on the biological behaviour 
of the esters m hvmg tissues are bnefiy recorded 

We are greatly mdebted to Prof E J Bung of The 
Postgraduate Medical School of London, for sendmg us pure 
specimens of disodium a and P glycerophosphates 
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Fig 1 Choline ^ gU ceropho<*phnte (1) 'Method of Arnold from ethanol acetone ( 2 ) The same from ethanol 
pjTidmc (3) Tlic Mine from cthanol-cthcr (4) "Method h^ direct reaction of gl^ ccrophosphonc acid with 
choline, from ethanol ether 
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PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 


The 267th Meeting of the Society was held in the Department of Biochemistry, University Museum, Osford, 
on Saturday, 29 May 1948, at 1 0 pm , when the following papers were read 

COMMUNICATIONS 

Hydrolysis of Organic Compounds by Polarized Radiation By Euzabbth S Sesutens (introduced 
by R A Mobton) 


The results of some simple experiments are shown 
which demonstrate the importance of the orientation 
factor m physiological reactions and its relation to 
enzyme action They comprise 

(1) The effect of polarized skyhght The diumal 
digestion of starch m the leaf is shown, which takes 
place under a clear blue evemng or morning sky 

(2) Disappearance of starch m the mesophyll m 
the area exposed belund a Nicol’s pnsm 

(3) Similar hydrolysis IS shown to take place m the 
anthooyanm of a beet leaf, the anthooyamn hydro 
Ivzmg to anthocyamdm 

(4) Disappearance of starch m the stomata and 
its change to a reducmg substance Burstmg of the 
wall of the guard cell by strong polarized sunhght 

(6) The polanzmg effect of suspensions of various 
enzymes on mcident radiation is demonstrated, 
givmg the Tyndall effect Hence the hydrolysis of 
a suspension of starch grams by a beam of hght, 
polanzed by diastase m an outer vessel 

(6) Hydrolysis of starch grains m a suspension of 
very weak diastase is moreased and accelerated by 
polanzed radiation and can be watched under the 
microscope, but no selective effect is seen if the 
diastase is active or concentrated Hence it appears 


that both m the case of the enzyme and of the 
polanzed radiation, the physical action is a matter of 
onentation — ^probably of the water 

This 18 further shown by hydrolysis m the absence 
of enzyme by polanzed infra red radiation, usmg 
a weak solution of NaCl (0 06 %) or of Rmger’s 
solution, to supply the place of the coenzyme 

(o) A suspension of starch grains m a sihca dish, 
exposed to mfra red radiation, polanzed by re 
flexion from a glazed surface, shows transformation 
of the grams to clusters of crystals of a reducmg sub 
stance Further irradiation gives globules which 
stam with Sudan HI and osimo acid 

(b) Films of boiled starch sliow a hghter patch 
with lodme solution m the area exposed to polanzed 
radiation 

As it appears to be the water that is activated m 
aU these cases of hydrolysis, no water screen must 
be used, as thereby the efficient wave lengths would 
be absorbed 

Further confirmation of these results is gii en by 
the use of a double image pnsm In both polanzed 
beams, hydrolysis both of film and starch grams 
takes place, the effect bemg absent m the crossed 
beam which gives ordmary hght 


Pteroylglutamic Acid Deficiency Induced in Rats by Sucdnylsulphathiazole and the Inactivity 
of Anti-Pemicious Anaemia Preparations By E Kodioek and K J Cabpenteb (Dunn 
Nutritional Laboratory, University of Cambridge, and Medical Research Council) 


We have been able consistently to reproduce the 
cliamctenstio pteroylglutamic acid (PGA) defi 
ciency reported to occur m rats fed for 6-6 weeks on 
a synthetic diet containmg 1 % succmylsulphathia- 
zolo (Daft A Sobrell, 1943) The sjmptoms were loss 
of weight, loucopenio and granulocytopema If the 
animals were kept ali\ e with minimal doses of PGA 
for a further 4-5 w eoks a soi'ero anaerma dei eloped, 
the medial orj-throcyto count falhng from more than 
7 to less than 4 million b n o /cu mm of blood, with 
nnisocj'tosis, increased mean corpuscular diameter 
and increased mean corpuscular haemoglobin 
A St ud\ has been made of the response of deficient 
animals to smglo doses of PGA A response m 
groivth was alnaj-s accompanied by an increase m 


the leucocyte, granulocjde and reticulocj-te counts 
However, the best dose response relationship w ns 
found by plottmg the logantlun of the product of 
the weight mcrease and the duration of the growth 
response against the logarithm of the dose giien 
(correlation coefficient 0 88, for 33 oral test doses of 
2-100 ftg PGA) PGA gii’en mtmmuscularh had 
the same activity 

Other matenals lia\ e been tested with the follow- 
ing results Pteroj Itnglutamic acid, on an eqm- 
molecular basis, had the same activity as PGA 
Xanthopterme and ‘irradiated’ PGA (Carpenter i- 
Ivodicek, 1948) were found to be mactn e Marmite 
had an actinty per gram, of the order of 60 ug of 
PGA 
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Two purified anti-pemicious anaemia liver pre- 
parations, supplied by Dr Jacobson, were given to 
deficient rats per os or t w m mne tests No response 
either m growth or m blood picture was obtamed at 
dosages 120 tunes as great as the lowest effective 
level of PGA On the other hand, tested with 
pernicious anaemia patients, each of the hver ex- 
tracts, m a smgle dose of 8 mg , gave a response as 
great as that given by 100 mg of PGA (Jacobson & 
Good, 1947) Our results are m keepmg with the 
findings of other workers that hver extracts highly 
potent for permcious anaemia are mactive m the 
PGA-deficient rat (Daft, quoted by Stokstad & 
Jukes, 1946), chick (O’DeU & Hogan, 1943, Clark, 
1946, Stokstad & Jukes, 1946) and mealworm 
(Fraenkel, 1948) 


Jacobson & Good (1947) report that mcubation 
with an enzyme preparation from milk mcreased the 
anti-permcious anaemia activity of PGA In pre 
hnunary trials, usmg two of then enzyme-treated 
samples, we found that the response produced m 
rats was not greater than that obtamed with un 
treated PGA Kalckar & Klenow (1948) find that 
mcubation with a similar enzyme preparation does 
not change the activity of PGA as a growth factor for 
L casei or S JaeccHw R 

The PGA preparations used m these erpemnenta 
were ‘Folvite’ and ‘Teropteiin’ (Pteroyltnglutamio acid) 
which were kindly supphed by Dr Jnkes of the Lederle 
Laboratories 
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A Polarographlc Study of Pteroylglutamlc Acid and Related Compounds By K J Cabpenxeb 
and E Kodioek (Dunn NtUntwnal Laboratory, Umvermty of Cambridge and Medical Besearch 
Oounoil) 


Pteroylglutamio acid (PGA) has been shown to be 
reducible by catalytic hydrogenation m dilute alkah 
and the resulting ‘dihydro PGA’ is readily re- 
oxidized to the parent compound (O’DoU, Vanden- 
belt. Bloom & Pfiffher, 1947) Xanthopterme has 
also been found to be reducible to dihydroxantho- 
pterme (Kosohara, 1937) We have found that PGA 
and xanthopterme when electrolyzed at the mercury 
droppmg cathode produce distmct current- voltage 
curves similar to those reported by Rickes, Trenner, 
Conn & Keresztesy (1947) The behaviour of these 
compounds and of ‘ irradiated ’ PGA and leucopterme 
has been studied at different pH 

PGA (Folvite, Lederle Laboratories), 100 /ig /ml , 
m 0 1 k-KjHPOj brought to a pH of 1 1 3 by addmg 
0 1 N-NaOH, gave a reduction wave at — 1 0 V v 
s c B , m absence of au No reversible oxidation was 
observed on the charged mercury mterface When 
tested under the same conditions xanthopterme gave 
a wave at — 1 12 V , and leucopterme at — 1 63 V 
Solutions of PGA m 0 Ik K,HP 04 irradiated by 
ultraviolet hght for 2 hr and then brought to a pH 
of 11 3 with 0 1k NaOH gave four waves at — 0 6, 
— 0 82, — 1 26 and — 1 62 V Irradiation did not 
alter the current voltage curve of xanthopterme 
The charactenstio waves shifted to the positive 


side with mcreasmg acidity At pH 8 6 both PGA 
and xanthopterme gave a reduction wave at —08V, 
whilst ‘irradiated ’PGA had waves at —0 36, —0 66, 
— 0 79 and — 1 34 V In weakly acid solutions PGA 
showed two additional reduction waves At pH 6 1 
the ongmal wave had shifted to — 0 66 V and the 
new waves appeared at — 1 09 and — 1 3 V At this 
pH ‘irradiated’ PGA still showed four waves but 
now at — 0 2, — 0 47, — 0 6 and — 1 12 V 

Stokstad, Fordham & de Grumgen (1947) found 
that irradiation sphts the PGA molecule at the 
linkage between the pterme moiety and p ammo 
benzoylglutamio acid, with the hberation of 2- 
ammo-4-hydroxy-6 aldehydeptendme (Jukes, 1948, 
private commumcation) Neither glutamic acid nor 
p ammobenzoic acid alone gave any waves at the 
droppmg mercury electrode 

Irradiation of PGA has been shown to destroy its 
activity as a growth factor for bactena (MitoheU A- 
Wilhams, 1944) and for rats (Kodicek & Carpenter, 
1948) PGA solutions deteriorate even m ordmary 
dayhght, and we have found that the appearance of 
these ‘extra’ reduction waves m the polarogram at 
pH 113 made a convement test as to whether the 
activity of a PGA solution has been reduced by 
exposure to light 
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2-Meth\l-l 4 5-trlhjdro\\nnlhmqulnonc, n Metabolic Product of Pcnictlhum islandicum Sopp 


B\ B H Hoa Ann (mtroducedhs 11 Hm'-tiuck) 
and Tropical Medicine) 

PcmciUiuin islandicum prows will on C«\pol^ Dov 
5% glucose solution nt 24° Tlio dn( d (InrU rod 
mtcolium was c\trnct<Ml with liphl i«'trolonin fol 
lowed b\ chloroform and anoUkd nhout 20 % of its 
weight of a complex mixture of fnt free coloviring 
matters These were rovighU fractionntcil In 
thorough extraction of their ether or chloroform 
solutions anth aqueous x Xn COj The nature 
of the Na^COj soluble pigments m under in 
a estigation 
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The NsjCOj insoluble pigment was extracted avith 
aqueous 0 6 n NaOH, recovered by acidification, 
dried and crystallized from chloroform 2 Methyl 
14 6 trihydroxyanthraquvnone (structure 1 , 3 % of 
dried mycehum) was thus ohtamed as dark red 
plates, m p 218°, after purification through the 
triacetate (yellow needles, m p 208°) 


(Dll iunn oj Jiiochi niistni, Tendon ir/ioo? of Hygiene 

Its constitution aans estnbli«ho<l as follow-s It has 
the molocular fonnulii C,Jl,|,Oj, contains three OH 
proujis and one (CII3) C group It is insoluble in 
cold Xn.COj but dissoKcs roadilj m NaOH Its 
colour reactions — intense purple rod aaith red 
fiuon'scenco aaith cone HjS04, deep auolot aanth 
NaOH , bright a elloaa orange aaith green fluorosconco 
in glacial acetic acid — are almost indistinguishable 
from those gia on ba hohnmtbosponn (structure III) 
Amixturoofitaa ith helminthosponn (m p 226-220°) 


Oil on 



II 

OH OH 



ChryBopliamo acid 


melted at 194-196° , a mixture of its triacetate anth 
triacetyl hehnmthosporm (m p 223-226°) melted at 
199-203° 

On oxidation avith MnO, and cone HjSO^ it yields 
cynodontm (structure V, Baistnck, Robmson &, 
Todd, 1933 a, Anslow & Baistnck, 1940) Hence it 
foUoavB that it must have one of the structures I, II, 

a 2 


IV 
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Hi or rV Of these III and IV are excluded since HI 
IS helmmthosponn (Charles, Raistnck, Robinson & 
Todd, 1933 , Raistrick et al 1933 h), and IV has been 
synthesized and aublimes without melting at 260- 
270° (Graves & Adams, 1923) It must therefore be 
either I or 11 

On reduction with cone HI and red P m glacial 
acetic acid, followed by oxidation of the resultmg 


antliranol with CrOs m acetic acid, chrysophamc 
acid (structure VI, Naylor & Gardner, 1931) is 
formed Of the structures I, H, IH and TV the only 
ones which could give chrysophamc acid (VI) by 
removal of any one OH group are I and HI HI is 
helmmthOsporm Hence it follows that the P 
ralandicum pigment must be I, i e 2 metliyl 14 6 
tnhydroxyanthraqumone 
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The Kinetics of Growth of Bact lactis aerogenes in the Presende of Phenol, Alcohols, Ketones 
and Acetates By S Daoley, L O Fkeeman and J O’G Tatton (mtroduced by F C Happold) 


It was pomted out some years ago (Ferguson, 1939) 
that the measured physiological action of a drug is 
deterrmned not only by the ‘ mtnnsic ’ action, specific 
for the type of molecule concerned, but is also 
dependent upon the physical forces governing the 
distribution of the drug between the cell and the 
surro undin g medium Thus the toxicities of homo- 
logous alcohols mcrease logarithmically as the senes 
IS ascended, not because the molecules of higher 
members are mtrinsically more toxic but, as physico 
chemical considerations show, because there is a 
logarithmic mcrease with cham length m the number 
of molecules findmg access to sites of action for 
equifnolecular concentrations m the aqueous phase 
On the other hand, a comparison of benzyl alcohol 
with its isomer p cresol mdicates that the ‘mtnnsic’ 
bactenocidal action of a phenol is several tunes 
greater than that of an alcohol 


Two strains of Bad ladts aerogenes were used m 
our experiments The effect of drugs (inclu ding 
alcohols) actmg smgly on the first stram was a hnear 
reduction of rate of division m a basal medium, and 
on the second, the effect was primarily on the lag 
period For the former, addition separately of a 
series of normal alcohols to a culture of cells dividmg 
at reduced rate m the presence of phenol caused 
an mcrease m rate to a maximum, followed by 
a decrease For the second stram, the addition of 
ketones and acetates mcreased growth m the 
presence of phenol by reduemg the lag period, which 
the latter had caused, down to a Tnimmnm value, the 
lagmoreasmg at higher concentrations of added drug 
Our results may be interpreted on the assumption 
that the narcotics are adsorbedjupon a surface and 
impede the access of the mtrmsicaUy more toxic 
phenol to its site of action 
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The Adsorption of a Series of Para -substituted Straight- chain Phenols from Solution by 
Bacterial Suspensions By S Daguby, L O Fkeeman and W R Thompson (mtroduced by F C 


HAPPOIA)) 

Thick washed suspensions of Bact lactis aerogenes 
were shaken with aqueous solutions of straight cham 
para substituted phenols and the uptake of phenol 
by the cells estimated colonmetncaUy The variation 
m uptake firom one member to the next m the series 
showed a parallel with bacteriostatic activity, which 
may, therefore, be accounted for by the shift m 
distribution equihbna as the senes is ascended 


Calculation shows that the amount of (unsubstituted) 
phenol taken up per cell is less than that m the same 
volume of solution, suggestmg that the phenol is 
adsorbed on the surface and does not penetrate and 
distnbute itself freely throughout the cell The lag 
penod caused by phenol (0 04—0 06 %) m a basal 
medium supplymg nitrogen as ammomum salt can 
be largely elimmated by the addition of glutamic 
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acid and mothionino {at 0 008 %) but not bj' eight 
other ammo acids im cstigntcd at tho same concen- 
tration K, under these conditions, tho phenol in- 
hibits a rate detormining reaction in tho sjmlhesis of 
these acids, it maj bo mforred that such a reaction 
does not take place inside tho coll 

Tho addition of otlnl alcohol, acetone or otbjl 
acetate to susfKjnsions shaken mthp ii propylpbenol 
reduces in each case tho uptake of tho phenol bj the 


colls That this effect is duo to surface competition 
rather than an alteration of the distribution of 
phenol between hpoid and aqueous phases is sup- 
ported bj doterniinations of the partition eoefficient 
of phenol bot\s con olive oil/wator m the presence of 
othyl alcohol, acetone and ethyl acetate Tlie first 
two have little effect on tho coefficient, but the 
presence of the acetate actually increases the 
amount of phenol taken up by the oil 


Identification of the Uronic Acid from Ocstrlol ‘Monoglucuronide’ as Glucuronic Acid By 
J K GnA:sT and G F [Dcparlmcnl of Biochemistry, Uniicrstty of Edinburgh) 


Oestnol ‘monoglucuronide ’ was isolated b\ Cohen &, 
Maman (1936) E\ndonco that tho substance u ns a 
glucuronido was based on carbon and hjdrogon 
determmations, and on a positu o Tollon’s naptho 
resoremol test 

The method of Lolimar, Dimlor, Moore Lmk 
(1942) mvohnng oxidation of tho uronic acid to a 
dicarboxylic acid, wluch could bo identified as tho 
dibenzimmazole do^^ atn o, appeared to be a method 
of establishmg the identity of tho uronic acid mth 
certamty 

Hj drolysis with ^ glucuronidase was omploj ed m 
preference to ncid hj'drolysis, smee it was anticipated 
that tho latter might lead to dcstru ction of tho uromc 
acid hberatod Fisliman (1939) has shown that ^ 
glucuronidase readily hberates oestnol from its 
‘monoglucuronide’, 'while Lovvj (1948) has shown 


that its action on menthol glucuronide results m the 
liberation of glucuronic ncid 

Sodium oestnol glucuromdato prepared by the 
method of Cohen, Maman <S- Odell (1930), slightly 
modified, n ns meubated with ox spleen p gluciuom 
dnso (Graham, 1940) at 37° and pH 4 6 

Tho luonic acid fraction, from the products of 
hydroljsis, was oxidized with bromme, and tho 
product treated with o phenylenediamme Tho di 
bonziminazolo was isolated by a procedure based on 
those employed by Lolimnr et al (1942), and by 
Lo'^'T (1048) Identity of the munazole with an 
authentic specimen of sacohonc acid dibenzimm- 
azolo was proved os shown m Table 1, thus 
establishmg with cortamty that the uronic 
acid from oestnol ‘ monoglueuromde ’ is gluouromo 
acid 


Table 1 Properties of dibenziminazoU, and dertvahves 



Prom No oestnol 

Prom sacohano 



glucuromdato 

acid 

Mixture 

Dibenzunraoiole* 

242-243° 

241-243° 

242-243' 

Dihydrochlonde* 

265-266° 

260-267° 

265-266' 

[a]ir+49 8° 

[a]ir+49 3° 



c, 2 057 (water) 

c, 2 042 (water) 


Dipicmte* 

Change of form 142° 

142° 

142° 


Meltmg pomt 210° 

211° 

211° 


* All melting pomts are corrected decomposition meltmg pomts 
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The Bacterial Oxidation of Phenol to ^-Ketoadipic Acid By B A Krt.-n v {Department of Bio 
chemistry. School of Medicine, Leeds, 2) 


A Gram negative vibno which attacked mono- 
hydroxy phenols was isolated by Happold & Key 
(1932) from sewage containing gas works’ hquor 
Tyrosme was also attacked without melanm foyma 
tion, mdioatmg tho absence of a tyrosmase system 


m this vibno It has been shown (Happold, 1930, 
1940, Evans, 1947) that catechol and o benzo 
qmnone can be detected as early oxidation products 
of phenol and formate as a late one, although under 
favourable conditions complete oxidation to carbon 

0-3 



VI 
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dioxide and water results Very little information 
was available as to the mode of fission of the aromatic 
rmg, except that the culture fluid gave a definite 
Rothera reaction soon after a colour reaction for 
catechol became negative Solubihty relationslups 
suggested that the material responsible for the 
Rothera reaction was an unstable keto acid but not 
acetoacetio, as it was much less readdy extracted by 
ether fi’om aqueous solution 

It has now been found that culture flmd giving a 
Rothera reaction can be concentrated in vacuo at 37° 
and pH 7 without decomposition of the Keto-acid 
Contmuous ether extraction of an acidified concen- 
trate caused decomposition of the material re- 
sponsible for ^e Rothera reaction, but lacvultmc 
acid was isolated from the ethereal extract -as its 
2 4 dmitrophenyUiydrazone, suggestmg that the 
precursor was p ketoadipic acid, and this was even- 
tually isolated by extraction of an acidified concen- 
trate 40 times with ether at room temperature and 
removal of the ether imder reduced pressure The 
residue weis twice recrystaUized from ethyl acetate. 


givmg d-ketoadipio acid as white needles, m p 119- 
126 ° (d) unchanged when mixed with an authentic 
synthetic sample Both the natural and synthetic 
acids gave identical and very mtense violet Rothera 
reactions, detectable at 1 100,000 dilution of the 
acid 

A possible scheme for the oxidation of phenol is 

phenol catechol -► o benzoqumone 1 2 6 tn 
hydroxybenzene ->■ 5 hydroxy o benzoqiunone p 

ketoadipate ->■ succmate - 1 - acetate -> etc 

This pathway is similar to that proposed by Nelson 
& Dawson (1944) for the tyrosmase oxidation of 
catechol as far as the 6 h 3 'droxy-o-benzoqumone 
stage, and then instead of this polymenzmg to 
lughly coloured products, it is suggested that this 
compound imdergoes a hydroljdic (or phoqihoro 
clastic ?) fission to ;8 ketoadipic acid, which may then 
split mto succmate and acetate by analogy with tlie 
production of acetate from acetoacetate by Each 
coll observed by Lehmnger (1942) 
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Studies on Formic Hydrogenlyase in Eschenchta coli By Jctne Lasoelles [Department of 
Bwchemistfy, Oxford) 


Washed suspensions of Eschenchta colt, grown on 
peptone meat extract glucose broth, showed large 
losses m formic hydrogenlyase activity when the 
suspensions were diluted or stored (LasceUes, 1948) 
These losses were partly restored by addition of 
extracts of boded cells, 'or of small amounts (10 “’m) 
of fermentable sugars or derivatives, such as glucose, 
fiructose, mannose and glucose 1 phosphate Tims, 
a fresh suspension with a Q (0-20 min period) 
of 150, m the presence of 10-“ji glucose, gave a 
Qtanuta of 378 in the same period After storage 
of this suspension for 24 hr at 4°, the 
(0-20 min period) was 27, and m the presence of 
10“’ Ji glucose was 286 Stimulation by glucose was 
,obtamed even when formate was added to the 
suspension after the glucose had been completely 
fermented 

The glucose appeared to e limin ate the imtial lag 
period which was alwa^ observed m the course of 
hydrogen evolution from formate 

Formic hydrogenlj’’ase activity of these sus 
pensions was greatly decreased by mcubation m 


oxygen for 30 mm , or for longer periods, m air 
Some of this lost activity was restored by addition of 
10 “® M glucose 

Prehmmarj’- anaerobic incubation of cells with 
10“*M glucose resulted m greatly mcreased formic 
hydrogenlyase activity of the cells after they had 
been washed free of glucose- This activity was not 
further mcreased by the addition of 10 ~’m glucose 
Incubation under the same conditions with 10 ~*m 
formate did not enhance the formic hydrogenlyase 
activity 

The sensitivity of formic hydrogenlyase to most of 
the usual inhibitors (Stephenson, 1937) suggests 
that it IB a very complex system Iron has already 
been unphcated m the formation of this system m 
Aerobacter indologenes (Warmg & Workman, 1944:) 
Tlie mvolvement of diffusible, heat stable factors, is 
mdicated by the large losses of activity observed 
when suspensions were washed m large volumes of 
phosphate buffer Activity was largely restored by 
the addition of extracts of boiled cells 10 “’M 
glucose alone was meffective under tliese conditions 
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AcU\aty of tlio 8^*stom in bornto buffors m ns \ ory 
much loss than in phosphnto buiTera of tho samo pH 
Addition of phosphnto to bornto buffers increased tho 
nctmtj 


Formic hjdrogonljnso activity of suspensions of 
JJ coh appeared to bo conditioned by the typo of 
peptone used in tho groivth medium, and by the 
strain of organism 
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Metabolism of Aryl Sulphides I Conversion of p-Methylthioanlline to jj-Methylsulphonyl- 
anlllne in the Mouse F L Rosf and A Srunrs {Research Laboratories, Iviperial Chemical 
Industries Ltd , Manchester 9) 


Durmg a routmo oxnmmntion of tho blood 1o\o1b 
attamed by a number of nmhno dori\ ati\ es m mico. 
It ivas obsor\'od that ndmmistrntion of p mothyl- 
tluonnilme (MTA) led to tho appearance in tho blood 
of an aromatic amino that, nftcr dmzotization, 
coupled vitliA^-p sulphntoctln 1 m toluidino to gi\o 

H,N— 

MTA , MSA 

an orango nzo dye, svhoreas tho parent compoimd 
coupled slowly to give a purple djo vhon similarly 
treated Prelimmnrj tests shon ed that p methj 1 
sulphonylamlmo (JISA) behnvedhko tho metabolite, 
and its acetjl denvativo was ultimately isolated 
from the urme of mice receiving JITA 
Usmg the analytical methods described m Part II 
this new metabolic process has been studied quan- 
titatively Oral adinmistration of 260 mg of 
MTA/kg to mice gave maximal blood concon 
trations of 7 mg of MSA and 2 mg of MTA/100 ml 
Tile conversion was extremely rapid, and 20 mm 
after dosmg the concentration of ilSA was already 
four tunes that of MTA Similar results were 


obtained after mtraporitonenl admmistration, show 
ing that tho oxidation occurs in mouse tissue and 
not b^' bacterial action in the gut Of an oral dose 
of 250 mg of !MTA/kg about 2 % was excreted m 
tho urine as free MTA, 10 % os free MSA and 23 % 
os ncotjlatod MSA No method is available for 
determmmg conjugated ^ITA The formation of the 
sulphono m rat and rabbit has been demonstrated 
by similar quantitative experiments, althougli no 
isolation was attempted 

An analogous oxidation of mustard gas has been 
postulated (Flurj’- A tVieland, 1021) but not con 
firmed, and lias mdoed been rejected by some 
workers on physicochermcal grounds (Sugden, 
quoted by Banks, Boursnell, Francis, Hopwood A 
Wormall, 1946) However, a sulphoxide and a sul 
phono have been isolated from biological sources 
(Reichstem, 1936, Reiohstem &. Goldschmidt, 1936, 
Ruzicka, Goldberg A Meister, 1940, Pfifiher, 1940) 
and the existence of sulphide sulphoxide oxidases 
has been presumed (Medea & Floyd, 1942) We have 
not studied the sulphoxide correspondmg to MTA, 
and it may be formed as an mtermediate 
metabolite 
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MetaboUsm of Aryl Sulphides II Simultaneous Determination of p-Methylthioaniline and 
p-Methylsulphonylanillne in Biological Material By A Spinks {Research Laboratories, 
Imperial Chemical Industries Ltd , Manchester 9) 


Two methods of determmmg MTA and MSA m 
mixtures have been devised The first, which could 
not be apphed to biological material, is based on the 
slowcouplmgofdiazotizedMTAwithN sulphato 
ethyl m tolmdmo (SET) In aqueous solution this 


couphng can be completely prevented by" a concen 
tration of acid which permits full couphng of diazo 
tized MSA Tins allows determination of MSA alone 
(MSA + MTA)- are determmed by reaction with p 
dimethylammobenzaldehyde under the conditions 



vm 
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of Moms (1941), when two anils of similar absorption 
spectra are readily formed The concentration of 
MTA IS then derived by difference, usmg a factor to 
correct for the unequal colour intensities of the anils 
In the presence of biological material the couplmg 
of diazotized MTA with SET could not be 
completely prevented, but the method is the 
best available for aqueous solutions of the two 
Eunmes 

The second method utilizes the rapid couplmg of 
both diazomum salts with naphtholsulphomc acids, 
m the presence of sodium carbonate, to give differ- 
ently coloured dyes Satisfactory colour difference 
and mtensity were attamed by usmg p carboxy- 
phenyl-J acid (CPJ) MSA and MTA are deter- 
mined by fully couphng both compounds with CPJ 
to give-an orange and a bluish red dye respectively 


The optical densities of the mixed dye solution are 
then read at 460 and 640 mp agamst two standards 
from pure MSA and pure JITA At 460 m/i the 
optical density of the MSA dye is higher than at 
640 m /1 , the reverse holds for ISITA, so that the 
concentrations of both can be derived by solvmg 
simple simultaneous equations 

Difficulties were encountered when appijmg the 
method to biological material, duo to the mstabdity 
of diazotized MTA, the poor recbvery of MTA from 
blood compared to the full recovery of MSA, and a 
marked effect of blood and urme constituents on 
the colour of the dye from MTA These difficulties 
were solved by usmg short diazotization tunes, by 
addmg blood to the standards, and by extractmg the 
compounds from urme with chloroform before deter- 
mmation 
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Purification of Anti-pemicious Anaemia Factor By E Lester Smith and L F J Parker 
{Besearch Division, Glaxo Laboratories Ltd , Greenford, Middlesex) 


Ox hver has been concentrated by the methods 
described by Emery & Parker ( 1 946) Alternatively, 
proteols^ed hver extract made on a production scale 
has been readsorbed chromatographically on to char- 
coal and eluted with hot 66 % ethanol Material 
from either source has been further purified by 
partition chromatography on damp sdica, the solvent 
bemg n-butandl two thirds saturated with water 
either alone or mixed with phenol Alternatively n- 
or ISO projpanol contammg 10-20 % of water gave 
excellent separations despite the complete miscibihty 
of these solvents with water The columns usually 
revealed fast nmnmg yellow pigments, and brown 
pigments held fast near the top, with a pmk zone 
between Numerous clmical trials showed that this 
contamed substantially all the activity The red 
material could be further fractionated from coloured 
and colourless impurities by repetition of partition 
chromatography and by fractional precipitation 
with ammomum sulphate (between one third and 
two thirds saturation) Some batches of sihca adsorb 
the pigment slightly, permittmg additional purifi- 
cation by adsorption chromatography from aqueous 
solution, or better from one tenth to one half 
saturated ammomum sulphate, which greatly 
sharpened the band 

Adsorption chromatography on alumma from 
aqueous solution (Boots Pure Drug Co , Short & 
King, 1947) was useful at an early stage to remove 


dark pigments For the partition chromatography, 
starch could be used instead of sihca to avoid the 
comphcatmg effect of adsorption On starch 
columns, red pigments from both proteolyzed and 
non-proteolyzed hver separated mto two pmk bands 
with i? values averagmg 0 6 and 1 2 respectively 
Non proteolyzed hver yielded mainly the slow- 
movmg pigment , the fast movmg one, which was 
also chmcally active, is thought to arise from shght 
autolysis of the hver, because direct papam treat- 
ment of the hver yielded mainly this pigment 
Repeated chromatography effected httle or no 
further concentration of the colour beyond the stage 
where an optima] chmcal response (Emery & 
Hurran, 1946) is given by about 0 3 mg Some 
chemical and physical properties of such material 
have recently been described (Lester Smitli, 1948) 
FoUowmg treatment with trypsm, however, 
chromatography on sihca or charcoal gave further 
dramatic concentration The substance finally 
crystaUized from aqueous acetone as red needles 
The crystallme product had 37 tunes the colour 
mtensity of a batch active at 0 3 mg , givmg a 
calculated dose of 8 /tg 

It appears probable that our substance is the 
same as that recently described by Rickes, Brmk, 
Komuszy, Wood & Folkers (1948) with the sugges- 
tion that it be given the name vitamm Bjj 
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Sulphur Compounds of Allium Detection of n-Propylthiol in the Onion The Fission and 
Methylation of Diallyl Disulphide in Cultures of Scopularwpsis brevlcaulis By F CnAiicENGEa 
nndD GnEEXttooD (Dcjiarlmcut oj Organic Ghcmislnj, The UmversUy, Leeds) 


In tlie course of n studj of tho \ olntilo ingrodionls of 
omons a stream of sterile nir m ns passed o\ er freshly 
peeled and chopped onions and then tlirough 
(a) amlme, [b) 2x HCl, (c) 4% aqueous morouric 
cj amde and (d) 3 % aqueous mercuric chloride to 
remo\ e isothiocj nnntcs, nmhno vapour, thiols and 
sulphides and disulphides rospocti% oh 

In three separate experiments mth the omons a 
sohd formed m tho mercuric cj amde after 0 hr and 
mcrensed no further after 2-3 dajm It had m p 
03-05°, and after one crj’stallizntion from alcohol, 
m p 00-07° In admixture mth authentic mercury 
di n propylthiol,Hg(SCH.CHjCH 3 )jofm p 07°, tho 
mp vas 07-08° Tho other two oxfKJrimonts gave 
similar results (Found C, 20 8 , H, 4 05 Calo for 
(C 3 HjS).Hg C, 20 6 , H, 4 0 Tho diallj 1 donvativo 
(C 3 HiS),Hg requires C, 20 7 , H, 3 0 % ) Mercurj^ 
diallylthiol, rooroo%or, molts at 74°, and tho mixed 
meltmg pomt with the recrj'staUized deposit from 
the mercuric ejamdo vas 60-01° Tho volatile pro 
duct IS therefore n propylthiol Conversion of the 
mercury deniatiie to the correspondmg lend and 
silver compounds and comparison (meltmg point 
and/or mixed meltmg point) with authentic 
specimens confirmed this conclusion 

The sohd which formed in the mercuric chloride 
durmg the passage of au over the omons was much 
less than that m the cyanide, indicatmg the absence 
of appreciable quantities of readily volatile sul- 
phides or disulphides or, alternatively, that any such 
compounds present react only slowly with mercuric 
chloride (The bodmg pomt of n propylthiol, n 
propyl sulphide, di n propyl disulphide, allyl sul- 
phide, and diallyl disulphide are 07°, 141 6 - 


142 6 °, 192 6 °, 138-139° and 79° at 16 mm respec- 
tively ) 

Sommler (1892) found no allyl sulphide m od of 
onions, but concluded that tho mom constituent u os 
probablj propyl allyl disulplude Challenger & 
RAuhngs (1937) showed that, m cultures of Scopu- 
lanopsia brcvicaxdxs, di n propyl disulplude yields 
Ji propy Itliiol and n propyl methyl sulphide So far 
ns tho authors are aware no other biological forma- 
tion or occurrence of n propylthiol has heen re- 
corded, nor has a thiol prevuously been detected m 
tho omon, though Sommler (1887) detected traces 
of a tluol m the od of AUttim ursinum 

Semmler (1892) states that diallyl disulphide 
occurs m od of garhe As a study of the behaviotir of 
a plant constituent under other biological conditions 
might furmsh useful analogies, diaUyl disulphide m 
stonlo aqueous suspension was added to bread 
cultures of Scopxdarxopsis brexncaulxs under the con- 
ditions employed by one of us with Rowhngs (1937) 
and Blackburn (1938) Volatile products were 
aspirated through (o) aqueous 4 % mercuric cyamde 
and ( 6 ) aqueous platimc cldonde Mercury diallyl- 
tluol (CjHjSljHg, m p and mixed m p 74°, with an 
authentic specimen of the same meltmg point 
separated in the cyamde The identity was checked 
by conversion to the lead and silver denvativ'es and 
comparison as before The platimc chlonde com 
pound of methyl allyl sulphide, (CHjSCsHj)! PtCh, 
mp (after crystallization) and mixed m p 160° with 
an authenticspecimenoftheaamemeltmgpomt, was 
obtamed fi-om the platimc chlonde absorption tube 
(Found Pt, 38 0 CjHuSjCbPt requires Pt, 38 0% ) 
A second experiment confirmed these results 
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The Faecal Lipoids of Rats Fed on a High Cholesterol Diet By R P Cook, N Polgah and 
R O Thompson {Department of Biochemistry, University OoUege, Dundee, and Dyson Pemns 
Laboratory, Oxford) 


Rats placed m metabolism cages were fed on syn 
thetic diets contammg various fats alone and with 
the addition of 2 % cholesterol The faecal hpoids 
were separated mtounsaponifiable matter (u m: )and 
acids The results obtained are shown m Table 1 


There is an mcrease m the excretion of acids on 
the cholesterol contammg diets (Cook, 1938) This 
mcrease is approximately equal m amount to the 
cholesterol unaccounted for if a balance of the sterol 
18 made 
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For separating the faecal acids a scheme was was isolated by converting its hydrogen succmate 
employed winch was developed in connexion with mto the acetol ester and then mto the semi- 
another m\estigation (Polgar, 1948) and depends carbazone 

Table 1 


Dietary fat 

Added 

ohole 

Faecal 

lipoids 

U M 

Acids 

sterol 

(g) 

(g) 

(g) 

Butter fat 

0 

69 

19 

3 8 


22 7 

30 9 

20 4 

7 7 

Olive oil 

0 

12 0 

40 

68 


30 6 

440 

29 1 

11 3 

C!ooking fat 

0 

07 

30 

33 


19 1 

240 

16 6 

68 


Table 2 Sterol (as tj m ) balance with animals on butter fat diet 






Dietary 




u M m 

u ar m 


chole 




livers 

faeces 

Total 

sterol B 


Faecal 


(g) 

(g) 

A 

(g) 

B-A 

acids 

Cholesterol fed 

040 

20 4 

20 8 

22 7 

■ 

7 7 

Controls 

0 08 

1 9 

20 

- 

- 

3 8 

Difference 

0 32 

18 6 

18 8 

22 7 

39 

39 


upon the crystaUization of derivatives obtamable The faecal acids contam, m addition to the 
by convertmg the acids mto acetol esters, common fatty acids, a dextrorotatory acid of high 
R COjCHjCO CHa, and treatmg the latter with molecular weight The latter is found only m the 
a reagent for ketones From the imsaponifiable faeces of the cholesterol fed animals, irrespective of 
material the sterols were separated by crystallization the dietary fat fed, thus mdicatmg its probable 
of the 3 6 dimtrobenzoates , one of the components metabolic relationship to cholesterol 

REFERENCES 

Cook, R P (1938) Biochem J 32, 1191 Polgar, N (1948) Btochem J 42, 206 


A Study of the Peptides of Cystine in Partial Acid Hydrolysates of Wool By R Consdbn and 
A H Gobdon (Wool Industries Research Association, Headingley, Leeds &) 

% 

Because of easy oxidation to sulphomc acids. The fastest movmg fractions, A and B, contained 
cystine and peptides of cjTStme are readily adaptable small amounts of di- or tnpeptides of cysteic acid 
for isolation by amomc exchange resins and fractiona with one or two residues of a dicarboxyhc ammo 
tion by lonophoresis Oxidation was therefore em acid Fraction C consisted of free cysteic acid 
ployed m one of the stages of tins investigation. Fraction D contamed dipeptides, of which cysteicyl- 
which was earned out accordmg to the foUowmg glycme(/5 sulphoalanylglycme) andoysteicylalanme 
general scheme A partial hydrolyzate of wool, pre were identified Fraction E contamed glycylcysteic 
pared by treatment with IOn HClfor 10daysat37°, acid, serylcysteic acid, alanylcysteio acid, threonyl 
was fractionated on a chromatogram of Amberhte cysteic acid, oysteicylvalme, cysteicylleueme and 
PR 4 (Consden, Gordon & Martm, 1948) to remove probably cysteicylthreonme m relatively small 
acidic ammo acids and peptides The solution was amount Results for fractions F, GandHweremore 
then oxidized with Brj water and retreated with difficult to mterpret owmg to the large number of 
Amberhte to remove neutral and basic constituents ammo acids obtamed after hydrolysis of some of the 

The mixture of cysteic acid and peptides of cysteic peptide spots extracted from the paper chromato 
acid thus obtamed was next subjected to lono- grams However, leucylcysteic acid and phenyl 
phoresis (Consden et al 1946), winch gave eight alanylcysteic acid were identified m fraction F, 
fractions (A— H) movmg towards the anode Each which also appeared to contam tnpeptides, of which 
fraction was then worked up for analysis on paper one, consistmg of cysteic acid Imked with prolme 
chromatograms as described by Consden et al and vahne m imidentified residue order, was pro 
(1947) bably present Fraction G probably consisted of 
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tn and higher poh-poptidcs of c\-Btoic acid and ■« aa 
nch m peptides containing prohno and the higher 
raonoanuno monocarboM he acids Tlio filonosfc 
nioiing fraction H probabh contained poRTieptules 
consisting of manj ammo acid residues, since In dro 
lysis of some of the spots extracted from paper 
cluromatograms gn\ o l\-sino and arginino iii addition 


xt 

to neutral and acidic ammo acids Tins fraction con- 
tained dibromotyrosmo (probably' free) and rvas also 
rich m peptides containing prolme residues 

Dipcptidcs of cystoic acid are being symthosized in 
order to compare their ionophoretic and cliromato 
graphic boharnour w itli those found m the oxidized 
wool Indrolysato 
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The Oxidation of L-Omlthlnc in the Presence of Belladonna Polyphenolase By W O James 
and H BEEi'Ens [Orford ^Icdtcntnl Plants Scheme) 


A polvphonolaSo that is insoluble after precipitation 
mth acetone has been extracted from the loa\ es and 
roots of Alropa belladonna It may Ixi m ashed imtil 
free from poly'phenols and secondary substrates such 
as ammo acids ■without appreciable loss of actix ity' 
Suspended m buffers it rapidly oxidizes catechol 
■with the uptake of tn o atoms of oxi gen for each 
molecule of catechol oxidized 

Following Nelson 5- Dawson (1044), it is presumed 
that the oxidation product is p hy droxy o quinono 
On standmg, brown pigments are formed that are 
incapable of reduction to catechol The oddition of 
an a ammo acid at any time before the catechol has 
been fully conxerted to pigments gixes rise to a 
strong red coloration With a molecular ratio ammo 
acid/cateohol= 1, the colour reaches almost maxi 
mum mtensity and there is no oxidation of ammo 
acid The use of substituted catechols shows that 
no colour compound is possible if the two para 
positions are blocked (eg as in aesculetm) and the 
pigment is regarded as a ji immo o quinone l 
O rmthine enters mto this reaction as well as a long 
list of other ammo acids inxestigated Secondary 
armnes form tertiary nitrogen compounds of similar 
structure and purple colour As was found earher 
with glycme, the first molecule of l ormtlune is not 
oxidized but remains condensed m the colour com 


poimd \\ Inch has about the same degree of stability 
ns the glycine colour compound Further con- 
densation to brown pigments is i ery much slower 
than in the absence of an ammo acid 

Any' excess of glycmo over the 1/1 ratio -with 
catochol loads to at least partial o'xidation of the 
oxceas ammo acid Other ammo acids tried are 
oxidized much less actively , or not at all L Omi 
thino 18 exceptional and is oxidized at about one 
third the rate of gly cme, and approximately 1 mol 
of ammonia is released for each additional atom of 
oxygen consumed The oxidation product has been 
identified ns a keto S ammo t alenanic acid n 
Lysine is also oxidized 

Acetylation of the a ammo group of L ormtlune, 
omission of the 8 ammo group asm a ammovalenamc 
acid or substitution, as m L argmme or E eitruUme, 
greatly reduces the oxidation In spite of the high 
degree of spocifioity, the oxidation is non enzy'matic 
and IS catalyzed by the colour compoimd m pure 
solution It appears to result from the additional 
molecular instabihty caused by the mtroduction of 
a 5 ammo group adjacent to the active groups 
common to all ammo acids 

L Prolme behaves as a secondary amme m this 
system It forms a strong purple colour but is not 
oxidized 
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Observations on the Structure of Sarmentogenin By W Kevne (Biochemistry Department, 
Postgraduate Medical School of London) 


Sarmentogemn and digoxigemn are isomeric digi 
taloid aglycones, CuH^Ot , which on oxidation -with 
CrOj give isomenc diketones sarmentogenone and 
digoxigenone, each possessmg 6ne mert keto group 
Digoxigenone is known (Steiger & Reichstem, 1938, 


Mason & Hoehn, 1939) to be I, the work of Tschesche 
& Bohle (1936) suggested that sarmentogenone 
might be the corresponding 3 11 diketone Katz & 
Reichstem (1944) compared the molecular rotations 
of the two genones -with those of known 11 and 
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12-keto compounds Thedifference between themole- pansons may, however, be made usmg the rotation 
cular rotations of the two genones ( + 413°) IS much differences between deoxotetrahydroanhydrosar 
greater than the differences for pairs of known com- mentogenone (II?) and its derivatives (which are 



pounds (Cit ketone minus ketone = -f 162° to 14 n, and carry a butanohde rmg at Ci,, Tschesche 
-f 212°) and the structure of sarmentogenm was & Bolile, 1936), and those for transformations at Cn 
therefore considered uncertam m bile acid esters of known structure (see table) 


Stniotoral differences 

C 0 minus CH, 

C 0 minus CH6h 
OHOH minus CHj 


Molecular rotation differences 


Bde acid esters 
(transformations 
atC^) 

+68° to +90° 
-37° to +32° 
+61° to +115° 




Deoxotetrahydro- 
anhydrosarmento 
genone and 
denvatives 


+41° 

-19° 

+60° 


This comparison appears to bo mvahd, smce (o) the 
genones are 14 tso compounds wlulo the ‘known’ 
comjiounds are 14-n, and (6) the butenohdo rmg 
of the genoues at Cjj might exert ‘ vicmal action’ at 
iCjj and Ci 2 (cf Barton & Cox, 1947) Vahd com- 


These comparisons, when taken m conjunction 
with the inert character of one keto group of ear 
mentogenone, support the hypothesis that sarmen- 
togenm and its derivatives carry an oxygen atom 
at Cji 
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The Administration, Storage and Metabolism of Vitamin A By J Gloveb and R A Moeton 
(Department oj Biochemistry, University of Liverpool) 


The blood level of the functional vitamm can be 
raised by administermg large doses of vitamm A 
concentrate (Glover, Goodwm & Morton, 1947) but 
the method is wasteful, smce the hver vitamm 
reserves built up m that way are lost fauly rapidly 
(Davies & Moore, 1936) When carotene is adminis- 
tered over a period the resultmg vitamm A store 
persists much longer (Dann & Moore, 1931) In the 
first experiment a large amount of the vitamm is 
absorbed m a short space of time, whereas m the 


second the vitamm, formed from the provitamm m 
the mtestme (Glover et al 1948), is absorbed m small 
amounts slowly over a longer period 

Now, usmg a fluorescence microscopy teclimque. 
Popper & Greeenberg (1941) have obsen^ed two 
distmct types of fluorescence attributable to vitamm 
m hver If, as suggested by Glover ei cZ (1947), the 
diffuse type of fluorescence spread over the cytoplasm 
of the true storage cells is due to a diffusible alcohol 
complex, then lus results mean that only those cells 
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xiu 


contain tho free \ntnnim m oquiUbriiun with ester 
whereas the Kiipffer colls contain nioroly tho ester 
form 

Recent ondonce of Glo\ or ct al (1947) show 8 that 
ns tho concentration of tlio \ itanim A doso ndminiB- 
tered to tho rat is incrotfiod, tho rat lo of oster/nlcohol 
form m h\ or tends to rise from 80/20 (undosod rats) 
to c 95/6 (rata at tho highest doso lo\ol) This 
apparent change in oqnihbrium of tho reaction 
ntomin A esters \ntannn A alcohol + fatty acid can 
be satisfactonlj oxplainod on tho assumption that 
there are two distinct sites of storngo in tho h\ or, ono 
of whicKdoes not contain hpnso Tho KupfTor colla 
could form this hpnso free store, and, in fact, by a 
lustological method, Gomon (1940) has shomi tho 
absence of hpaso from these eolls 

Tho abo\o obser\ations can bo roconcilod as 
follows As tho dosage of \niamin A rises, i o ns tho 
rate of entrj of intnmm into tho blood stream 
mcroases, tho amount finding its w ay into tho K colls 
increases Henco, it appears that durmg tho 
absorption of vitamm A (or fat) from tho blood into 
the hvor two processes aro operatmg simultaneously 


(i) hj droU 818 of mconung ostor by herum esterase or 
hpnso M Inch rolonsos froo vitamm A to form a com 
plo\ eapablo of diffusion into tho liver storage cells, 
and (ii) phngocj tic action of K cells on the chylo 
microns trapped m tho hver smusoids as the blood 
flows through thorn Vitanun A stored m the R cells 
does not contribute to tho level of functional vitamm 
m tho blood Indeed, the evidence of depletion 
experiments suggests that it is destroyed there 

This explanation has -mdo implications 

(i) There is nn optimum rate of mgestion of 
Mtamin A such that tho bulk of absorbed material 
should find its wav mto the true storage cells where 
it wall form a more lastmg reserve and can supply the 
functional \ itamm to tho blood 

(ii) Carotene, m spite of variable absorption, may 
bo more effective than vitamm A concentrates, 
masmuch as newly formed vitamm from the 
intestine may trickle mto the blood stream at a rate 
matchmg the capacity for its entry mto true hver 
colls 

(ill) It is better to administer vitamm Am a senes 
of small doses rather than m one large smgle dose 
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The Enzymic Hydrolysis of Triacetin (Glyceryl Triacetate) By Pamela Holton (mtroduced by 
H Blasohko) (Department of Pharmacology, Oxford) 


Three different preparations of chohnesterases have 
been found to hydrolyze tnaoetm cobra venom 
(Bovet & Bovet, 1943, Bovet Nitti, 1947), tho 
caudate nucleus of the dog’s bram (Bodansky, 1946) 
and horse serum 

The rate of hydrolysis of benzoyl chobne end 
tnaoetm by horse serum were additive when both 
substrates were added simultaneously Nu 683 
(Gimter & Hawkins, 1946) inhibited the cholm- 
esterase but bad no effect on tnaoetm hydrolysis by 
horse serum These results suggest that tnacetm 
esterase is not identical with pseudochohnesterase , 
this was confirmed by the mabibty of a lughly 


purified preparation of pseudo chohnesterase to 
hydrolyze tnaoetm 

Competition for both cobra venom and dog bram 
occurs when tnacetm and acetylohohne are added"" 
together to the enzyme preparations In both pre 
parations selective inhibitors of chohnesterase also 
inhibit tnacetm hydrolysis AU these experiments 
are compatible with the mterpretation that when 
tnacetm is hydrolyzed by the tissue of the caudate 
nucleus or by cobra venom, the hydrolysis is effected 
by the chohnesterase present 

The purified preparation of psendooholmesteraae was 
kmdiy prepared by Dr J W Legge 
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The Effects of a Relative Deficiency of Lysine and Tryptophan in the Diet of an Insect, Tribobum 
confusum By G Pbaenkel [Department of Zoology and Applied Entomology, Imperial College, 
London, S' TF 7) 


It has recently been shown (ICrehl, Sarma & 
Elvehjem, 1946) m work with rats that diets con- 
taining a low, but still adequate amount of casern 
can be made mefficient by the addition of a protem 
of low tryptophan content, and that such mduced 
deficiencies are remedied by the addition of trypto 
phan or mcotmic acid We have obtamed results of 
a sunil^ kmd m work with the fiour beetle, Tnbohum 
confusum With zem as the sole source of protem no 
growth ensues This deficiency is rectified only by 
the addition of both lysme and tryptophan A diet 
with 20 % casern becomes inferior by the addition of 
20 % zem This casern zem diet is somewhat im- 
proved by the addition of lysme but not of trypto- 
phan, while with the addition of both ammo acids 
the diet becomes superior to the casern diet^ 

A similar relationship is shown by ghadm, by 
itself a very inferior source of protem, wluch is also 


greatly improved by the addition of lysme, but not 
by that of trj'ptophan A 20 % casem-20 % ghadm 
diet agam is much mfenor to’a 20 % casern diet and 
is improved by the addition of lysme, but not of 
tryptophan 

These phenomena of mduced tryptophan and 
lysme deficiencies occur m the presence of relatively 
large amounts of mcotmic acid and there is no 
mdi cation of an mterchangeable effect of tryptophan 
and mcotmic acid The effects recorded m these tests 
with Tribolium should therefore be mterpreted 
rather m terms of impaired balance of essential 
ammo acids m the diet than m terms of differential 
utilization of an ammo acid m respect of which 
a diet IS margmal, wluch, according to Krehl, 
Huerga & Elvehjem (1946), is the basis for the 
explanation of the tryptophan-mcotmic acid re 
lationslup m the rat 
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The Rate of Enzymic Hydrolysis of Phosphoric Esters by Prostatic Phosphatase By G E 
Deloby 


Studies of the rate of enzymic hydrolysis of a senes of 
phosphoric esters by the alkalme phosphatase of dog 
faeces (Kmg & Delory, 1939, Delory & Elmg, 1943) 
showed that the rate of hydrolysis mcreeises with 
mcreasmg acidity (decreasmg pK) of the substrate 
and that the enzyme is optimally active at a more 
alkahne pH 

The acid phosphatase of human semmal flmd 
has now been studied m a simdeir manner The 
followmg esters m order of mcreasmg pK were 
employed p bromophenyl, 2 4 dibromophenyl. 


o bromophenyl, p nitrophenyl, phenyl, o cresyl, 
2 4 6 tribromophenyl, |3 glycero, a glj'cero and ethyl 
phosphate In general the rate of hydrolysis m 
creases With mcreasmg acidity of the ester and the 
enzyme is optimally active at a more acid pH, 
although the figures obtamed depend on the 
particular enzyme preparation used 

The effect of varymg the substrate concentration 
was also mvestigated Although the rate of hydro- 
lysis is dependent upon the substrate concentration, 
theMicliaehs-MentenequationisnotcloselyfoUowed 
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The Specificity of the Human Erythrocyte Cholinesterase ByD H Adams and V P Whittakeb 
[Department of Biochemistry, Oxford) 


Following the work of Alles & Hawes [ 1 940), Mendel 
& Rudney (1943) suggested the division of chohn- 
esterases mto ‘true’ and ‘pseudo’ types True 
cholihesterases (&om bram and erythrocytes) were 
stated to be active only against acetylchohne and 
closely related substances, while the pseudo enzymes 


(e g from horse serum) are capable of hydrolyzmg 
both chohne and non chohne esters Nachmansolm 
& Rothenberg (1946) also concluded that ohohn 
esterMes may be divided into ‘specific’ and non- 
specific ’ types However, as far as non chohne esters 
are concerned, these conclusions appear to have been 
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based almost oxoliisn oh on tho faihiro of brain and 
erj-throcyto chohnestorasos (o livdroh 70 tnbutjTin 
and motin 1 butjToto 

Startmg from tho obiJerN ntion of BodanHk^ (1940), 
that bram, and purified (Mondol Rudnoj , 1943) 
erytlirocNdo proparationR, no\orthclcsa rapidlj 
h\ droh’zod tnncetm, v o hn\ o oxaminod tho ncti\ itj 
of similar!}' purified human erythroc\ to propara 
tions against a number of simple esters, and found 
that man} aro h\drol}zod, although in general not 
at \er} high rates Summation experiments ba\o 
shoim that m all probabiht} tho preparations con 
tamed only a single onz}nno 

The results suggest that tho specificity of tho 
erytliroc}"to chohnestornso is influenced b} at least 
tvo factors 

0) Tho acyl group Acetates are b} droh’zod 
more rapidl} than the corresponding propionates or 
formates, while esters containing but}"!} Iradicalsnro 
hardly attacked, if at all 

(2) The alcohol group Considering acetates, 
lengthemng the alcohol chnm up to four atoms (n 
but}’l) mcreasos tho rate of splittmg, while a further 
mcrease m chain length (» amyl, n hoxyl) loads to 
a reduction Extra C atoms accommodated ns 


branches nbich aro some distance away from tlie 
estor link (?soam}l, 2 othylbutyl) considerably m 
crease tho rate of Inclrolysis Branchmg close to 
tho ostor link appears to reduce the rate Sigrufi 
cnntly ncotylcholme contains a ‘ spine ’ C — C — — C 
with branches Jlono and tnncetm appear to be 
special cases 

Published data upon tho specificity range of the 
liuman plasma cliolmestoraso suggests that m con 
trast to tho orytlirocyte onz}’mo, the plasma enzyme 
accommodates preferentially the larger acyl groups 
such as but}Tyl and propionyl Acetyl and benzoyl 
dori\ ati\ cs are attacked, but not so readily 
Tlio effects of chain branchmg appear to differ m 
tho two 8}’Btoma, since it is stated (Alles <5o Howes, 
1940) that w luio human plasma hydrolyzes acetyl 
a metbylchohne, but not acetyl-jS methylcho 
line, human erythrocytes are capable of hy- 
drolyzing both A tentative hypothesis is 
ad\ anced to explnm such differences m substrate 
specificity 

It would thus appear mappropriate to contmue to 
refer to the human erythrocyte enzyme as a ‘ specific ’ 
cholmesterase It is hoped to contmue this work by 
the examination of bram preparations 
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The Effect of Sulphydryl- combining Reagents on the Activity of the Succinic Oxidase System. 
By B C Slater {MoUeno Institute, University of Cambridge) 


The action of sulphydryl combmmg reagents on tho 
enzyme system catalyzing the oxidation of sucemate 
has been widely studied It is generally beheved 
that these reagente react with an essential — SH 
group or groups on the succmic dehydrogenase pro 
tern Hopkms & Morgan (1938) and Barron & 
Smger (1945) found that the inhibition could be 
readily reversed by simple thiols, other authors 
(Potter & Dubois, 1943, Ames & Elvehjom, 
1944) have, however, failed to obtam tins re 
activation 

In order to obtam the reactivation it is necessary 
to work imder anaerobic conditions, smee, m the 
presence of air, thiols mactivate the succmic oxidase 
system by destroying a factor hnkmg the succmic 
dehydrogenase with the cytochrome oxidase (Slater, 
1948) 

p Ammophenylarsenoxide affects only the 'sue 
cmio dehydrogenase portion of the system, and tho 
inhibition of either the complete system or of the 


succmic dehydrogenase portion is readily reversed 
by small concentrations of 2 3 dunercaptopropanol 
(BAL) and partially by higher concentrations of 
glutathione Oxidizmg agents (oxidized glutathione, 
o lodosobenzoate, cupnc salts), on the other hand, 
affected some other portion of the system m addition 
to the succmic dehydrogenase, and the inhibition of 
the complete succmic oXidase system was less readily 
reversed than that of the succmic dehydrogenase 
It IS possible that this other portion is the factor 
mentioned above p Chloromercunbenzoate also 
inhibited the complete suochuo oxidase system more 
than the succmic dehydrogenase It also had some 
effect on the cytochrome oxidase It is believeiLtbat 
this mercurial, m addition to combimng with the 
— SH group of succmic dehydrogenase, has a general 
effect on proteins and affects- the particles of the 
enzyme preparation (heart muscle preparation of 
Keihn & Hartree, 1947) msuch away as to affect the 
accessibihty of the succmic dehydrogenase to the 
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cytochrome oxidase Inhibition by the mercurial 
was readily reversed by cyamde, glutatluone and 
denatured globm but not by BAL 

The mercurial differed from the other sulphydryl 
reagents used m two other respects, viz (1) sub- 
stances present m the heart muscle preparation 
which completely protected the succimc oxidase 
system from small amounts of the arsemcal or 


oxidizmg agents gave no protection from the mer- 
curial and (2) the rate of mactivation was much 
greater m the case of the mercurial All these differ- 
ences are probably related to the fact that arsemcals 
and oxidizmg agents react with two — SH groups 
(either on the same succimc_dehydrogenase molecule 
or on different molecules), while the mercurial reacts 
with only one — SH group 
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Further Observations on the Effect of Cetyl Trimethyl Ammo nium Bromide on the Bacterial 
Decarboxylation of Glutamate and Glutamine By D E Hughes (Medical Research Council 
Unit for Cell Metabolism, Department of Biochemistry, The University, Sheffield 10) 


It has previously been reported (Krebs, 1048) that 
the decarboxylation of glutamic acid and of glut- 
amme by washed suspensions of Clostridium welchii 
13 accelerated by cetyl trimethyl ammomum brormde 
(‘cetavlon’) It was thought that this acceleration 
might he due to a change m the permeabdity of the 
cell wall aUowmg a more rapid entry of the substrate 
into the cell, and if this were the case, the detergent 
should have no effect m cell-free extracts To test 
this, extracts were prepared by gnndmg the centn- 
fuged cells with powdered pyrex glass (Mcllwam, 
Roper & Hughes, 1948) and addmg 6 vol of 0 04m- 
acetate buffer, pH 4 6 Tlie supernatant obtamed on 
centnfugmg contamed from 60 to 60 % of the de- 
carboxylase activity and from 40 to 60% of the 
glutammase activity of the washed cells and showed 
no appreciable loss of activity withm 9 days when 
stored at 0° The effect of cetavlon m these extracts 
was found to be of the same order as m the mtact cells 
as shown m the following table 


0 011m m the absence of cetavlon and 0 0046m m 
the presence of cetavlon (pH 4 1) It would thus 
appear that the aflimty of the enzyme for the sub 
strate is mcreased by the detergent 

A comparison of the rates of decarboxylation at 
different concentrations of cetavlon showed that the 
effect was maximal at a concentration at which the 
detergent changed methyl orange from an orange to 
a yellow colour This colour change which is not due 
to a change m pH is generally regarded as a result of 
nucelle formation (Hartley, 1934, Corrm & Harkins, 
1947) Effects similar to those of cetavlon were 
observed with homologous alkyl tnmethylamme 
bromides (Cjo , , Cji , Cjb) and with other catiomo 

detergents, and m every case a maximum effect on 
the decarboxylase occurred when the concentration 
was sufficient to change the colour of methyl orange 
The observations suggest that the effect of cetavlon 
IS connected with the formation of rmceUes of the 
detergents 


Effect of cetavlon qn the rate of decarboxylation by Clostridium welchu , 40° , pH 4 1 


f 1 

Substance added Intact cells Extract 

Glutamate 0 0046m 270 224 

Glutamate 0 0046m, cetavlon 0 0026m 636 406 

Glutamine O 0046m 114 0 

Glutamme 0-0046M, cetavlon 0 0026m 270 290 


It follows that the effect of cetavlon cannot bo 
e:g 3 lained by changes m permeabdity Deter- 
imnation of the rate of NH, formation from glut- 
amme showed that both glutammase and glutamate 
decarboxylase were accelerated by cetavlon 

The apparent Michaehs constant of the extract for 
the decarboxylation of glutamate was found to bo 


The glutamic decarboxylase and glutammase from 
Proteus morganti and Escherichia coli behaved sum 
larly, hut the decarboxylase from carrot and squash 
(Schales, ATims & Schales, 1946) wM not affected by 
cetavlon , neither were the decarboxylases for argm 
me (Esch colt), lysme (Esch colt), t^osme (Strepto 
coccus faecalts) and ormthme (Clostridium sepltcum) 
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Methods for Estimating Total Serum Protein By B B Lixdyd, H M SmOLAiE and 
M C K Tweedie {Wellcome Laboratory of Human Nutntton, Oxford) 


In a previoufl commumcation we concluded that the 
published equations for density-protein conversion 
were inadequate for normal human serum, and the 
CUSO 4 method of estunntmg density had serious 
defects (Lloyd, Cheek, Smclair & Webster, 1946) 
Two montlis later we earned out extensive examina 
tions m the NethOTlands during the fa min e and, 
because we were surprised to find that persons with 
famme oedema had values for total serum protem 
withm the statistically normal range, we compared 
the density method we were usmg (Jacobsen & 
Lmderstrom Lang, 1940) with three other methods 


gravunetne, micro Kjeldahl and biuret The gravi- 
metno estimations were made by Mr V d Kamerand 
Mr Bos with the method of Robinson & Hogden 
(1941) After usmg with good agreement three 
modifications of the micro Kjeldahl method, we 
adopted that of Cbihnall with a digestion penod of 
2 hr 

The results permit of a comparison of the four 
methods An equation can he derived relatmg 
relative density to protem content estimated gravi- 
metneaUy, and compared with the various published 
equations 


REFERENCES 

Jacobsen, C P & Lmderstram Lang, K. (1940) Acta phystcl scand 1, 149 

Lloyd, B B, Cheek, E B, Sinclair, H M & Webster, Q R (1946) Biochem J 89, Proc xsv 

Robinson, H W & Hogden, C G (1941) J biol Ohem 140, 863 


Estimations of Serum Protein in Famine Oedema ByB B Lloyd, H M SmoLAiaandM C K 
Tweedie {WeUcome Laboratory of Human Nulniion, Oxford) 


The previous communication related to estimations 
of serum protem by four methods m persons without 
clinically demonstrable famme oedema, the present 
results show that two of the methods (micro- 
Kjeldahl and densitometnc) give anomalous results 
when samples fi:om persons with famme oedema are 
used 

Qovaerts & Grdgoire (1941) found that the quality 
of the serum protem m persons ivith famme oedema 
was altered, smoe the observed coUoidal osmotic 
pressure was lower than that calculated from the 
amounts of albumm and globuhn Florkm & 
Duchfiteau (1947) found that m certam persons with 
famme oedema the argmme/lysme ratio for total 
plasma protem was decreased 

In our estimations m Holland we found that when 
the granmetne estimation of total serum or plasma 
protem was taken as the reference, there was no 
difference between values for persons with or without 
famme oedema when the biuret method was used , 


but the micro Kjeldahl and densitometnc methods 
showed that the protem from persons with oedema 
contamed less mtrogen and contributed more to 
serum density than the protem of persons without 
oedema Estimations of protem m serum or plasma 
or oedema flmd from persbns with famme oedema 
by the gravunetne and densitometnc methods gave 
a correlation coefficient of 0 991 (n = 22), the 
equation relatmg the two sets of values is as follows 

gravunetne protem m 

g/lOOml of flnid=364(£?S-l 0073), 

and agrees closely with that found by Weech, Reeves 
& Qoettech (1936) for serum, plasma and transudate 
of dogs, many of whom were hypoprotemaemio 
It is clear that there is a quahtative change m the 
serum protem m famine oedema, although, as we 
have previously shown (see Smclau*, 1947), the 
oedema is not caused by a lowered concentration of 
serum protem 
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Obituary Notice 


JOHN 3MASSON GULLAND, 189&-1^7 


British science sustained a gne\ ous loss by the tragic He gave up this po^^fenv x^^ks befbreh»dj^th to 
death of Prof J M Gulland m a railwaj' accident at take up a new appointment as director pf r^tearch 

<• ^ ^ I Mxiw.-k . , ■* -r , , , . n -r* . . _ . TT. 1 _ 


Goswick, near Berwick on Tweed, on 26 October 
1947 He was a biochemist whose work “was founded 
on a solid basis of achievement m the field of pure 
orgamo chemistry, and he will be remembered above 
all for his work on nucleic acids His contributions 
to the chemistry and biochemistry of these important 
cell constituents have greatly enriched our know 
ledge of them and will rank very highly among the 
pioneer mvestigations m this field Gulland was a 
man of vigour and vivacious charm, of whom T)r 
Jesse P Greenstem has written (Nature, Land , 
1948, 161, 87) ‘GuUand was one of a group of dis 
tmguished foreign guests at the Cold Spnng Harbor 
Symposium held m Jime 1947 He was easily the 
dommant figure at that conference, and the charm 
and ease of his manner, his gentle critical spmt, 
together with the scholarlmess and mcisiveness of 
his thinkmg, evoked general admuation and 
affection ’ spontaneous tribute from across the 
Atlantic describes Gulland m terms which recall 
very vividly the man whom his friends admued and 
respected 

John IMasson Gulland was bom m Edmburgh m 
1898 and was the only son of the late Prof G LoveU 
Gulland, Professor of Medicme m the Umversity of 
Edmburgh He was devoted to his native city and 
had an intense love of Scotland He had a wide and 


to the Institute of Brewmg He was\ele(^ted a 
Fellow of the Royal Societym 1946, and the follow 
mg year he was appomted a representative of the 
Royal Society on the British National Committee 
for Cliemistry He was M A of Oxford, Ph D of St 
Andrews, D Sc of Edmburgh, and a Fellow of the 
Royal Society of Edmburgh and the Roj al Institute 
of Chemistry In 1924 he married Ruth Madehne 
Ida Russell, also an Edmburgh graduate and 
daughter of the late Sir James A Russell, and is 
survived by his wife and two daughters 

Although he has a large amount of first rate 
scientific achievement to his credit, Gulland was not 
qmte so prohfic a contributor to the ongmal htera 
ture as some of his contemporaries Tins is jiartly duo 
to the formidable nature of the problems wluch he 
tackled, he never engaged in trivialities It is pro- 
bably due also to the fact that his earher ardour for 
work at the bench tended to be subordmated later to 
his mterest m orgamzation and administration, for 
which he had a real flair He sensed on the councils 
of the Chetmcal Society and the Royal Institute of 
Chemistry, and wds an honorary secretary of the 
Chemical Society dunng 1933-6 From 1932 until 
1934, he was secretary of Section B of the British 
Association, and dunng 1936-7, he was recorder to 
the Section In the early years of the Second World 


detailed knowledge of the Scottish Highlands, thou 
local customs, history and geology, and he made 
some delightful water colour sketches dunng his 
many hohdays there He was also a keen fisherman 
111 Scottish nvers Gulland was educated at Edm 
burgh Academy and the IJniv ersity of Edmburgh, 
whore he graduated m 1921, after servmg as a second 
lieutenant in the First World War Havnng been 
awarded a Carnegie Scholarslup, ho went to work at 
St Andrews under Prof (later Sir) Robert Robinson, 
whom ho rejoined m Manchester, agam later m 
Oxford Gulland was m the Dj'son Pemns laboratorj’’ 
■when Robinson was appomted to the cliau of 
choniistrj Gulland became a XJmversitj demon 
strator m cliemistrv at Oxford m 1924, and was 
appointed lecturer m chemistry at Balhol College m 
1926 Those appointments he rolmqmshed m 1931, 
vhon ho became semor assistant m biochemistry at 
the Lister Institute, London, and a reader m bio- 
choniistrj m the Umiersitv of London In 1936, 
Gulland vas appomted to the Sir Jesse Boot Chair 
of Clicmistrs at Hnuersiti College, Nottmgham 
Biochom 194S, 43 


War he was semor gas adinser to the North JLdland 
Region of the Ministry of Home Security, and durmg 
1943—4 he was assistant duector, Cheimcal Research 
and Development, ^Mmistry of Supply In this 
capacity he was concerned with the organization 
and instigation of research and development bj 
firms, research associations, government establish 
ments and universities on a variety of aspects of such 
topics as general chemicals and explosives, flax, 
camouflage, adaptation of army eqmpment of all 
lands for use in the tropics, plastics, textiles, paper 
and rubber It v\ as m tins period also that he was 
attracted by the potentialities of algmic acid as a 
chemical raw material, and he took an imjiortant 
part m the establishment of the Scottisli Seaweed 
Research Association He became a member of its 
Board of Management, and Chairman of its General 
Purposes and Chemical Advnsory Committees He 
was instrumental in formmg the Lace Research 
Council, of which he was a member, and was an 
mdependent member of the Board of Trade Workmg 
Party on the Lace Industrj, appomted m 1946 
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A full appreciation of GuUand’s scientific work 
C€innot be given here and a general indication of ^ome 
of its mam trends must sufBce Durmg liis St 
Andrews and Manchester days, he worked on the 
morphme group of alkaloids, and the constitution 
which IS now generally accepted for morphme was 
first adumbrated m two classical papers, published 
m 1923 and 1925, by Gulland and Robinson With 
R D Haworth, Gulland published a senes of papers 
on the aporphme group of woqumolme alkaloids 
(1928-9) New methods were devised by wluch were 
synthesized, among other compounds, bulbocapnmo 
methyl ether and corytuberme dimethyl ether 
Gulland also made other chemical studies of com- 
pounds of biological mterest, mcludmg peUitorme, 
the pungent prmciple of Ajiacydua pyrethrum, and 
the active constituents of Taxus baccata (1930-1) 
His work then followed a more defimte biochemical 
course With R A Peters, m 1929, he mvestigated 
the antmeuntic properties claimed for certam qumo 
hne and unmazole denvatives and showed that the 
compounds m question were mactive Gulland and 
Peters also showed that pigeons’ blood is much 
richer m reducmg substances than is mammahan 
blood and found that this is due mainly to sulphy- 
dryl compoimds, ergothioneme hydrochlonde was 
isolated In the course of an examination of the 
spermicidal activity of vanous qmnones and 
aromatic aldehydes and their derivatives, Gulland 
found that certam aromatic aldehydes were highly 
effective spenmcidal agents, and he showed how 
their efficiency could be correlated with some of their 
chemical reactivities and phs^ico-chemical pro- 
perties Between 1932 and 1940, Gulland published 
a senes of papers, m conjimction with T F Macrae 
and other collaborators, on the oxytocic prmciple of 
the postenor lobe of the pitmtary He descnbed 
methods of purification and assay of the hormone, 
and elucidated somethmg of the chemical nature and 
active groups by studymg the action of mtrous and 
mtric acids, of oxidizmg and reducmg agents, and of 
vanous preparations of proteolytic enzymes He 
was able to show that the oxytocic prmciple repre- 


sents an oxidation reduction sj'stem, but it did not 
appear to contam peptide linkages Some sjmthetic 
esters of chohne had analogous properties, but the 
activity was very shght 

In 1933 Gulland and Macrae published the first of 
a series of papers on punne nucleosides These com- 
poimds, with the related nucleic acids, formed the 
subject of GuUand’s mam research mterests there- 
after His contributions m this important field were 
noteworthy, not only for their mtrmsic \ alue, but 
also because of the mterest which they stimulated 
m other laboratones He has himself summarized 
some of this work m tliree reviews (Gulland, J chem 
Soc 1938, p 1722,1944, p 208, Gulland, Barker 
Jordan, Ann Rev Biochem 1946, 14, 176) By 
usmg ultraviolet absorption spectroscopy, Gulland 
and his collaborators showed the pomts of attach- 
ment of the sugar residues to the bases in the nucleo- 
sides, and his conclusions were substantiated by 
similar measurements on synthetic products bj 
Kenner, Lythgoe and Todd Agam, m the course of 
a senes of mvestigations on yeast nucleic acid, 
Gulland (with G R Barker) confirmed the identity 
of the sugar component as d nbose Among his last 
pubhcations was one m tJiis Journal (1948, 42, 308) 
on the nature of the reaction of nucleic acids with 
mustard gas, and a senes of tliree papers m the 
Journal of the Ohemxcal Society 1129, 1131, 

1141) on the deoxypentose nucleic acid of calf 
thymus It is a great loss to Bntish science that his 
mvestigations m a field of such supreme biological 
importance should have been brought to a sad and 
premature close It is certam, however, that other 
workers wiU come forward to build upon the foun- 
dations which he has laid, and there can be no doubt 
that this IS the memorial to his work wluch he him- 
self would have desired 

(The writer is glad to acknowledge his indebtedness to 
Mrs J M Gulland for some of the personal details, and 
to the Editors of Nature for permission to use as a basis 
for this tribute a somewhat shorter notice which he 
contributed to Nature ) 
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The presence, in normal plasma or serum, of a 
fibrmolytic ageht that can be activated by chloro- 
form, was first reported by Delezenne & Pozerski 
(1903 a, b) This effect of chloroform was further 
mvestigated by Nolf (1905, 1908) who also observed 
activation of this fibrmolytic capacity of the blood 
m dogs given peptone mtravenously, provided the 
hver was excluded from circulation either by clamp- 
ing the thoracic aorta and mfenor vena cava 
(‘thoracic animal’), or simply by mterruptmg the 
cudulation through the hver by manual compression 
of the vessels gomg mto the organ More recently, 
Tagnon (1942) showed that the activity of this 
fibnnolytic enzyme was connected with the euglo- 
buhn fiaotion of the blood, smce it might be fully 
recovered by isoelectric precipitation (pH 6 6) after 
dilution of the plasma with 10 vol of distiUed water 
A comparison of tlus fibnnolytic factor with the so 
called ‘lytic factor’ desonbed by Milstone (1941) as 
the effective fibnnolytic agent of matenal isolated 
&om certam strains of p haemolytic streptococci 
(streptokmase), was undertaken by Kaplan (1944), 
Clvristensen (1944-6), and Chnstensen & MacLeod 
(1944^6) Confirmatory evidence of identity appears 
m several papers (e g Macfarlane A Pilhng, 1946, 
Loomis A Smith, 1946) 

Further reports have stressed the importance of 
the activation of this fibrmolytic enzyme m several 
physiological andpathological conditions Usmg the 
‘fibrmolytic protamme test’, it has been shown 
(Rocha e Silva, Andrade & Teixeira, 1946) that 
activation of fibrmolysm occurs m anaphylactic and 
peptone shock, and that a defimte relationship seems 
to exist between the appearance of the fibrmolytic 
effect and other characteristics of anaphylactic and 
peptone shook In traumatic and bum shock also 
there is a spontaneous activation of the fibrmolytic 
enzjTiio of the blood, the mtensifry of winch bears 
some relationship to the gra\nty of the shock con 
dition (Tagnon, Lo\’enson, Da^^dson A Taylor, 
1946) Usmg normal and sensitized gumea pigs, 
Ungar (1947) demonstrated actuation of a fibrmo 
Ijtic onz\'mo v hen pieces of certam organs (h\ er and 
limg) weroplncedin ii/roincontactrespectu elvwith 
pept one or vnth the homologous antigen Macfarlane 
A Biggs (1946), usmg the techmque of Macfarlane & 
Pilling (1946) reported nctu ation of plasma fibrmo 
h sm in a number of subjects from a hospital popu- 


lation mcludmg cases awaitmg operation, under 
gomg pretreatment and after actual operation, also 
some accident and miscellaneotis pathological cases 
A recent report by Ferguson, Travis & Gerheun 
(1947) ascribes a weak trypsm like thxomboplastic 
activity to the fibrmolytic enzyme present m normal 
blood, suggesting participation of this proteolytic 
enzyme (plasma tryptase) m blood coagulation Tlie 
possibihty that activation of this enzyme may plhy 
a role m the hberation of histamme was recently 
suggested by Scroggie, Jaques & Rocha e Silva (1947) 
on the basis of the fact that a trypsm inliibitor from 
soya beans partially inhibits the release of histamme 
from cells to plasma when peptone is added to rabbit 
blood 

Tlie desirabihty of securing highly active pre 
parations of this fibrmolytic enzyme, m order to 
study more thoroughly its biological properties, was 
the mam reason for undertaking this study MTien 
the experiments were neanng completion, a paper 
appeared by Loomis, George & Ryder (1947) m 
which they described a method for purification of 
blood fibrmolysm by combmmg fractionation by 
ammomum sulphate with sei oral isoelectric pre 
oipitations m lugh dilutions with distilled water 
Under present circumstances, we cannot undertake 
a comparative study of our results with those of the 
American workers We have, however, myestigated 
a sample of fibrmolj’sm supphed by Loomis, and 
liave shown that we can raise its actinty appreciably 
by usmg a new method of fractionation, as described 
m the text Although we did not attam a final purifi- 
cation of the enzyme, the facts described m the 
present paper may assist a further attack upon the 
problem 

EXPERDIENTAL 

Preparation of material Oi or human serum or plasma 
■was obtamed by prolonged centrifugation of fresh blood 
After ddution wth 10 vol of distilled water and adjustment 
of pH to 6 3-6 6 with dilute acetio acid, the globuhn jirc 
cipitate, which settled overnight m the icc box, was collected 
by centrifugation and redissolved m one third of the ongmal 
volume of 1% (w/v) NaCl (subsequently referred to as 
‘eahno’) and carefnilv neutralized with 0 lx NaOH Chloro 
form (0 1 vok) was added and the globuhn solution was left 
for 3 or 4 days at room temperature with occasional shakmg 
The aqueous layer was then agam ddoted with distilled 
water (10 voL), adjusted to pH 5 3, and the precipitate 

11 2 
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allowed to settle m the ice box It waa centrifuged, re- 
dissolved in 0 2 of the onginal volume of salme and neutra 
bzed This ‘ activated glohuhn solution ’ was used for farther 
purification 

Fraolionaiton with ammonium sulphate Appropnate 
amounts of a saturated solution of (NH^l.SOi were added to 
the ‘activated glohuhn solution’ After standmg for 1 hr 
at room temperature, some ‘cehte’ was added and the pre 
oipitate filtered ofi" The filtrates were dialyzed (cellophan) 
against several changes of 1 % (w/vj solution of NaCl, neutra 
hzed and tested for fibnnolysis 



Time for complete flbrln6ljr»1i (mla,) 

Fig 1 Time dilution curve of the activated ox glohuhn 
preparation OxOIjq (concentrated 3 tunes) From data 
correspondmg to dilutions 1 8, 1 16 and 1 32, one can 
calculate the potency of the preparation as equal to 
40 units/ml., ^f=10c/^, where c=l/i3, D being the 
dilution, and i the tune required for complete fibrino- 
lysis 

‘Zoic tonic’ isodednc precipitation Isoelectno precipita 
tion at low concentration of morgamo ions was performed, 
as iesonbed above, by dilutmg the activated glohuhn 
solution with distiUed water (10 voL) and adjusting to 
pH 6 0-6 6 

‘Soitne’ isoelectric precipitation The precipitate of the 
activated glohuhn solution was dissolved m 1 % (w/v) NaCl 
solution at pH 7 4, acetic acid added to bring the pH to 
6 6-6 0 and the precipitate centrifuged and redissolved m 
neutral salme 

Delipidization of serum or plasma was performed accordmg 
to the teohmque of MoFarlane (1942) by addmg ether 
(0 3 vol ), shaking and fteezing to -26° or -30° with sohd 
COf (diy ice), after slow thawmg at room temperature, the 
mixture was centrifuged and the clear bottom layer was 
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carefully collected and diluted with 10 vol of distdled water 
(pH 6 3) and the precipitate ooUeoted and treated m the 
usual way with 0 1 vol of chloroform As a rule, a duphcate 
sample of the bngmal serum or plasma (non dehpidized) was 
treated m exactly the same way and the final activity of both 
samples compared 

Tyrosine was detemnned accordmg to Fohn A Ciooalteu 
(1927) m 0 1 or 0 2 ml of an appropnate dilution of the 
matenal, u NaOH (6 ml ), distdled water (4 mh) and the 
phenol reagent (1 ml ) bemg successively added After 
20 mm standmg, the colour was read m a Pulfiich spectro 
photometer and the tyrosine ooacentration determined from 
a standard curve 

Cholesterol was estimated by the method of Bloor (1928), 
usmg the Pulfrioh spectrophotometer for the final readmg of 
the colour 

Fibrinolytic activity The fibrmolytio tests were performed 
m small Wassermann tubes at 37° To the solution of the 
enzyme to be tested (0 5 ml ), a 0 2 % (w/v) solution of 
human fibrmogen (0 3 ml ) and two drops of a thrombm 
solution (adjusted to produce clot m 1 mm ) wore added The 
time for total lysis was measured and the number of units 
calculated. We found it convement to define the unit as the 
amount of enzyme which produces total 13^8 m 10 min 
under the conditions stipulated above (cf Fig 1) 

RESULTS 

Precipitation by ammonium sulphate 

The xvhole of the active enzyme contamed m the 
activated globulin fraction is precipitated between 
26 and 37 % saturation (room temperature) with 
ammomum sulphate (Table 1) In a quantitative 
exammation the precipitates at 0-40 % and 0-60 % 
saturation with ammomum sulphate were collected, 
redissolved in salme and dialyzed for 20 hr The 
activity of the ongmal solution was almost fully 
recovered 

\ 

Table 1 Precipitation of fibnnolysin by different 
concentrations of ammomum sulphate at room tern 
perature 


Matenals added (ml ) 


Activated ox globulm 

10 

10 

10 

10 

10 

10 

Ammomum sulphato 

— 

6 

6 

7 

8 

10 

(saturated solution) 

Saune 

10 

6 

4 

3 

2 

— 

Cono ammomum Bulphate 

— 

26 

SO- 

36 

40 

60 

(% satn ) 

Lytio power of filtrates 
(nmts/ml ) 

40 

42 

30 

11 

— 

— 


Influence of temperature on the activation of 
fibnnolysin after removal of the chloroform 

The activity of the preparation was very seldom 
fully developied immediately after the chloroform 
treatment Usually, the activity mcreased slowly, if 
the preparation was left a few days at room tem- 
perature This spontaneous mcrease m activity was 
much slower if the matenal was kept m the ice box, 
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and very rapid if maintained at 38“ Figs 2 and 3 
illustrate such spontaneous mcreMe m actmty of 
the enzyme at 0“, at room temperature and at 38“ 
respectively The shape of the ovm’e m Fig 3 Bug- 
ged an autocatalytio process, smce the moroase m 
activity IS slow imtially and rapid after 60-90 mm 



Fig 2 Spontoneoas activation at room temperature of 
preparation CttGIjj after removal of ohlorofomi. 

After the maximum is attamed, the activity of the 
enzyme slowly decreases agam, possibly owmg to the 
action of the products of the proteolysis As a 
routme procedure, all preparations, after removal of 
the chloroform and precipitation at pB 6 3 with 
lOvol of distiUed water, were mamtamed for 2-4 hr 
at 38° We have, however, observed that some of the 
preparations changed very httle after mcubation, 
probably because they were fully activated while m 
contact vnth the chloroform 


Clinstensen (1946) demonstrated that chloroform 
destroys the inlubitor normally present m plasma or 
serum Tlie shape oftho curve of Fig 3 disproves the 
idea that the further spontaneous activation might 



Fig 3 Spontnnoons activation at 0 and 38° of 
proparation 0x01^ after removal of chloroform 


be due to a furtber destruction of the inhibitor, smce 
in that case the maximal meraase m actmty would 
occur at the beginning of the mcubation That the 
enzyme is BtiU present m the solution after the 
chloroform treatment, partially as an maotive pre- 
cursor (pro fibrinolysm) ready to undergo auto- 
catalytio activation, seems to be the simplest con- 
clusion to be drawn from our study of the effects of 
temperature upon the activation of the enzyme 
All attempts to produce a spontaneous activation of 
the globulm solution without the chloroform treat 
ment, even by mcubating the ongmal globulm 
solution for several hours at 38°, have failed In a 
few experiments we have tned to activate the 
globulm solution with carbon tetrachloride and also 
with ether or ethanol, but m no case was any sigmfi 
cant activation detectable by fibrmolysis tests 

Isodecinc fractionation in saline 

Repeated low lomo precipitation of an activated 
globnhn {A 01) faded to raise its potency appreciably 
However, by carrymg out salme laoeleotno pre- 


Table 2 Saline isodectnc fractionation of ox globulin preparation OxOl^ 


Conditions of expenments 
I Solution OxOljf, after chloroform treatment 
IL Above, afterjpreoipitation with 10 voh dis 
tilled water (pH 6 5) and moubation at 38° 
(4 hr) 

IH Above, after isoeleotno precipitation with 
10 vol distilled water (‘low ionic isoeleotno 
precipitation’) 

rV Above, after isoeleotno precipitation m 1 % 
(w/v) Bahne (three times) (‘salme isoeleotno 
preoiptation’) 


Fibnnolyaui 
(umts/ml ) 

Tyrosme 
(mg /ml ) 

Fibnnolyam 
(nnite/mg tyrosme) 

10 

26 

4 

66 

22 

30 

86 

17 

47 

24 

0 07 

343 
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cipitation, yve obtained, a rapid increase in aotmty/ 
mg tyrosme up to a maximum attamed after three 
or four repreoipitations at pH 6 0-6 3 

Table 2 shows the mcrease m activity of the ox- 
globulm preparation OxGl^^, after chloroform treat- 
ment, mcubation at 38° for 4 lir , reprecipitation at 
pH 6 6 with 10 vol of distilled water and three pre- 
cipitations m sahne, at pH 6 1 A similar experiment 
with the preparation OxGl ^^ , m which mcubation at 
38° preceded low-iomc isolation precipitation, led 
to the same result, i e a marked mcrease m potency 
only when sahne was substituted for distdled 
water 

In a few experiments we used human blood, de- 
fibrmated or kept citrated In the latter case, no 
attempt was made to clot the plasma before the 
chloroform treatment, but at the end of this treat 
ment the whole fibrmogen was found to be destroyed 
by the active enzyme Table 3 shows a protocol of an 
experiment of isoelectric fiactionation of human 
globuhn solution (HOl^) by three precipitations m 
sahne at pH 6 3 

As seen from the examples given, repeated pre- 
cipitations at pH 6 0m sahne raise the activity to 
a maximum winch may be reached with two pre- 
cipitations (cf Fig 4) or may require more A 
limitation of this method of purification is that, when 
the mitial activity of the enzyme was low, the 
maximum attamed was also rather low The only 
plausible explanation for this is that the mactive 
form of the enzyme (pro fibnnolysm) is also-pre 
cipitated m the same range of pH as the active form 
m such a way that further separation of the two 
substances by this type of precipitation becomes 
impossible Table 4 records aU our results with 
isoelectric precipitation m sahne of different pre- 
parations of activated ox globuhn and one human 
globuhn preparation 
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Treatment see key 

Fig 4 Activation of preparation OxQl^^ and progressive 
purification by isoeleotno precipitation m sahne 
Abscissae 1, after chloroform treatment, 2, after in 
cubation at 38° for C hr , 3, after precipitation m 
saline at pH 6 0,4, after repetition of 3, 6, after further 
repetition of 3, 0, after further repetition of 3 

It is qmte clear from Table 4 that, if one starts 
with a very active preparation, purification by iso- 
electnc precipitation m sahne works very well, but 


Table 3 Human globulin solution {HQl^) treated with chloroform and fractionated at pH 6 0 in saline 


Fibnnolysm 


Conditions of experiment (units/ml ) 

I Activated human globuhn 60 

H Above, after precipitation insahneatpHfiO 60 

in Above, after reprecipitation m saline at pH 6 0 27 


Tyrosme Fibrmolysm 

(mg /ml ) (umts/mg tyrosme) 


0 68 110 

0 26 200 

0 13 207 


Table 4 Increase in activity by fractionation at pH 6 0-6 6 of different globulin preparations 1 


Activity (units/mg tyrosme) 



f 

After chloroform and 

After isoeleotno precipitation 
m sahne (no of reprecipita- 

Material 

mcubation at 38° 

tion m brackets) 

Oxfflu 

17 

66 (4) 

OiGIu 

66 

343 (3) 

OxGl-^tl 

60 

132 (3) 

OxCfiig n 

24 

168 (3) 

OxGli, I 

1 

9 (4) 

OxOlisIf 

16 

48 (3) 

Human 67, 

110 

207 (2) 

Parke Davis preparation (Loomis et al 1947) 

114 

300 (2) 
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Tv}ien the initial actinty is Ion , a less satisfactory 
result IS obtained even after several isoelectric pre- 
cipitations That this method of purification is 
different from that recently described b 5 ’’ Loomis et 
al ( 1947 ) can be shown by the fact that fractionation 
m sahne at the isoelectric pomt of a sample of one of 
the Loomis preparations, mcreased the specific 
activity tliree times We feel, therefore, that purifi- 
cation by isoelectric precipitation m sahne has a 
useful place, m combmation with other methods, m 
the preparation of purified fibrmolysin 
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m the usual way by isoelectric precipitation with 
10 vol of distilled water at pH 6 6 The precipitate 
collected by centrifugation was redissolved m sahne, 
neutrahzed and submitted to the chloroform treat- 
ment, smce there w'as no evidence that the simple 
treatment of dehpidization was enough to activate 
theenzjnne Simultaneously, asample of the ongmal 
serum or plasma was subimtted to identical treat- 
ment (dehpidization excluded) and the final acti- 
vities of both samples compared The results 
(Table 6) show that a previous dehpidization of the 
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Table 6 Effect of a previous dehpidization of scrum or plasma bp ether at - 26° upon the activity 
of the enzyme resulting from subsequent chloroform treatment 


Exp 

Matenal used 

I 

EOxQl^ (dehpidized) 
OxQlii 

n 

DHOlf (dehpidized) 

HGlt 

m 

DHQli (dehpidized) 
DfHQl^ (twice dehpidized) 
HOI, 

EGl^E (ether saturated) 

rv 

DUGL, (dehpidized) 

EGl, 

V 

DOxQL^ (dehpidized) 
OxOl„‘ 


Effect of dehpidization of the original serum 
or plasma 

The great vanabdity of the results obtamed after 
activation of the serum or plasma with chloroform 
mduced us to study more thoroughly the mechanism 
by which chloroform activates the fibnnolysm pre 
cursor (pro fibrmolysm) Christensen (1946) has 
shown that chloroform destroys the inhibitor, thus 
aUowmg spontaneous activation of the enzyme It 
IS, however, qmte probable that the inhibitor, or at 
least one of the inhibitors, might be combmed with 
the enzyme precursor We have assumed os a work- 
mg hypothesis that this linkage might be of a hpo 
protem nature, and that chloroform might act by 
loosemng such a linkage We have, therefore, dehpi- 
dized serum or plasma m an attempt to activate the 
enzyme, usmg first the technique of Hardy & 
Gardmer (1910) as modified by Hartley (1926) After 
treatment of the ongmal serum or plasma with a 
mixture of ether and ethanol at — 12°, the matenal 
obtamed was entirely free &om cholesterol or phos 
phohpid, but had no fibrmolytio activity, nor could 
it be activated by chloroform We, therefore, decided 
to try the milder dehpidization desenbed by 
ilcFarlone (1942), which consists of treatmg the 
plasma or serum with ether at — 26° or — 30° After 
tius treatment, the globuhn fraction was prepared 


EibnuolyBin 

A. 


Cholesterol 
(mg /lOO mg 
tyrosme) 

{ > 

(units/ml ) (imits/mg tyroame) 

16 

84 

14 0 

1 

07 

20 

33 

36 4 

17 0 

20 

25 0 

00 

65 

56 0 

12 6 

6 

60 

12 5 

9 

10 0 

37 

10 

11 0 

112 0 

40 

88 8 

83 

33 

43 0 

40 , 

12 

14 0 

28 0 

05 

05 

16 0 


matenal defimtely mcreased the fibrmolytic activity 
after chloroform treatment In one of the samples of 
human plasma {D^Qlf), after complete thawmg, 
the imderlymg plasma was submitted agam to the 
cold ether treatment with a defimte decrease m the 
resultmg activity If one combmes this result with 
that obtamed by the Hhrdy & Gardmer (1910) 
method, it seems clear that a very mild mi bial de 
hpidization wdl improve the final activity, but, if the 
process of dehpidization is repeated, a permanent 
inactivation of the enzyme occurs 

From the data of Table 6, it might appear that 
a relationship exists between the final activity of the 
preparation and its cholesterol content This seems 
to be true for most of the experiments m which the 
imtreated matenal was compared with the dehpi- 
dized one In the experiment m which the plasma 
was saturated with ether {HOl^E), without fheezmg 
the amount of cholesterol present was, however, far 
greater than that m the dehpidized fraction, whereas 
the final fibrmolytic activity was rather low It is 
known that McFarlane’s (1942) method does not 
remove all of the hpids present m serum or plasma 
In our experiments 20-40 % of the cholesterol was 
not removed by this treatment When the globuhn 
fractions were prepared from dehpidized serum or 
plasma, this residual cholesterol appeared to be con- 
centrated m the globuhn fraction , very frequently 
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Table 6 Cholesterol contents of untreated and deliptdtzed plasma or serum and their globulin fractions 

Chdlesterol content (mg /lOO mg of tyrosme) 

f ^ '*■ - ^ 

Plasma or serum Globulm fraction 


Untreated Delipidized 


Material 

Untreated 

Dehpidized 

material 

material 

Human P^ 

310 

60 

90 

17 0 

OXS2X 

87 

31 

20 

14 0 

OxSto 

18 0 

60 

16 0 

28 0 

Human P, 

— 



49 

83 

Human P^ 

340 

7 0 

37 

12 6 

DHP^ (t^wice dehpidized) 

34 0 

26 

3 7 

12 6 


there ■was more cholesterol m the globulin fraction 
derived from a dehpidized serum or jilasma than m 
that firom normal untreated plasma or serum 
(Table 6) This might be due to the fact that the 
material, from which the globulm fraction ■was pre 
cipitated, was saturated with ether In favour of 
this possibihty we nught mention the result ohtamed 
•with the ether-saturated material HOl^E (Exp m, 
Table 6) which contamed much more eholesterol 
than any one of the other fractions obtamed from 
the same human plasma The results were, hon ever, 
so paradoxical that a further study of this pheno 
menon is desirable For the time bemg, however, we 
can accept the explanation that the presence of ether 
modifies the precipitabdity of a possible lipoglobuhn 
material that might bear some relationship to the 
fibrmolytic enzyme 

SUMMARY 

1 Experiments on activation and purification of 
the fibrmolytic enzyme of ox and human plasma or 
serum showed that the enzyme is associated ■with the 
globulm fraction precipitated between 26 and 37 % 
saturation ■with amm onium sulphate at room tern 
perature 

2 After trea^tment ■with chloroform, the enzyme 
preparation can be further activated by mcubation 


at 38° for a few hours The activation process foUo^ws 
the course of an autocataljd.ic reaction 

3 ‘Low ionic isoelectric precipitation ’ (10 1 ol of 
distilled water at pH 6 6) was compared •with ‘iso- 
electric fractionation m sahne ’ The former effected 
shght purification, whereas the latter rapidly en- 
hanced enzymic potency, mdicatmg that the enzjme 
is probably connected ■with a less soluble fraction of 
the total euglobuhn fraction of plasma or serum 

4 A prenous mild dehpidization of plasma or 
serum led to a defimtely higher acti^vity of the 
enzyme after the chloroform, treatment A more 
complete dehpidization appeared to destroy the pro 
ferment, smce no activation could be obtamed by 
subsequent treatment with chloroform 

5 Some relationship has been foimd between 
fibrmolytic activity and cholesterol content, es- 
pecially m those fractions derived from mildly de 
hpidized plasma or serum 

One of us (M R e S ) ivishes gratefully to acknowledge the 
tenure of a Bntish Counoil Research Fello^wship durmg the 
course of this irork Our thanks are due toDr R A. Kekwiok 
for generous supphes of purified fibnnogen and of thrombm, 
to our colleague Dr M. Maizela, for arranging the supply of 
human blood and to Dr C E Work for helpful discussions 
on many problems Mr J Evans kmdly performed the 
cholesterol analyses 
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A Study of the Behaviour of some Sixty Ammo -acids and other 
Nmhydrm- reacting Substances on Phenol -‘collidine’ Filter-paper 
Chromatograms, with Notes as to the Occurrence of some of them 

m Biological Fluids 

By C E dent, Department of Pathology, University of Bochester, N Y , 
and University College Hospital, London, TT^ C 1 

{Becetted 6 November 1947) 


Althcfugh the method of filter paper cliromatography 
(Consden, Gordon. & Martm, 1944) can be apphed to 
very many other tjfpes of compound (Partridge, 
1946, Dent, 1947o, Vischer&Chargaff, 1947 , Lugg4fc 
Overell, 1947, Maw, 1947), it is hkelj’’ that its -value 
•wiU contmue to he greatest m the ammo acid field 
In this paper IS presented a ‘ map of the spots ’ which 
may he of help to other workers All the co mm on 
amino acids and many rare ones have been studied, 
also a few-other mterestmg substances, some syn 
thetic and not likely to be encountered m nature, 
which also give a nmhydrm colour reaction re 
sembhng that given by a ammo acids Some of the 
commoner ‘imkno-wns’ are also mcluded smee they 
appear to represent new compounds of -wide dis 
tnbution To mclude aU the ‘ unkn o-wns’ would be 
difficult, smee it has been usual, when workmg -with 
substances firom natural sources, to stumble on them 
when least expected and in the most be-wddermg 
profusion 

EXPERIMENTAL 

Points are only raised here ivhich are additional to the earher 
recorded work (Consden et at 1944, Dent, 1946, '1947 a) 
Apparatus The cabinet is shown m Fig 1 It is con venient 
to use and construct A cabinet of this type has given 
satisfactory service for two years of almost contmuons 
use It IS much better to have two cabmets one for the 
phenol and the other for the colhdme runs 

Solvents The phenol must be of AR or B P quahty, too 
much decomposition -with the formation of dirty brown 
material occurs if cruder phenol is used An occasional batch 
of ‘pure’ phenol has been encountered which has deoom 
posed unduly in spite of aU possible precautions It is a 
waste of time to jiorsevere -with such a solvent 

The nature of the colhdme used has been of particular 
importance Pure 2 4 6 ooUidme (2 4 6 trimethylpyndme) 
obtamed fiem two different American sources completely 
^ faded to reproduce the results obtamed m England by 
Consden et at (1944) and by the -writer, who all used the 
‘246’ compound obtained from a British source The iJ, 
values were at least half of their reported ones the msuflScient 
separation of the ammo acids which thus ensued makmg the 
finished chromatograms almost worthless On the other 
hand, a crude American ‘ colhdme ’ behe ved to contam very 
httle of the 2 4 0 isomer gave excellent results By the 


kindness of the Redly Tar and Chemical Corporation samples 
of pure 2 3,24 and 2 5 Intidines, of 2 4.0 and 236 
colhdmes, of aldehyde coUidme (2 methyl 6 ethylpyndine) 
and of some crude bodmg fractions of pyndine homologues 
wore pro-nded and tried out The ongmal British results 
could be well reproduced by taking a mixture of 1 vol of 



Fig 1 Diagram of oabmet used m two dimensional chroma 
tography The oabmet [A) is best made of f m thick 6 ply 
wood -with the aides of one piece The mside dimensions 
are 32 x 32 x 8 m It is pro-vided with a glass -wmdow 
24 X 24 m on each side It must be screwed together 
firmly o-wing to a tendency to warp The mside of the wood 
IS hea-vdy pamted with paraffin wax It is provided inside 
-with a shelf (D) at both ends placed 4 m from the top, the 
central notch takes the long glass trough, the lateral ones 
are used as alternative positions for the glass rods The 
under surface of the hd (B) has a rubber gasket which 
makes an airtight fit against the top edge of the cabmet 
when screwed down by the -wmg nuts as m C 

2 4-lutidme and of 1 vol of 2 4 6 colhdme and saturating it 
at the -working temperature -with 2 voL of water 'This ' 
mixture has been used here and is referred to m future as 
‘colhdme’ This is not claimed to bo the best possible 
mixture, and there is scope for further improvement to meet 
special pomts When pure isomers are not available a crude 
fraction of pyndme bases boiling around 160'’ may be 
adequate If the Jtp values are too large and the spots dl 
defined in consequence the fraction can be mixed with iliore 
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or less of the fraction boiling around 170° There is some 
relation between the capacity of the solvent to take up water 
and its smtahdity for paper chromatography of ammo acids 
When 5 ml ofivaterandSml ofa good ‘colhdine’ are mixed 
at about 23°, only about 1 ml of the water remains un 
dissolved So far, when the water left over measures more 
than 1 5 ml the solvent has given uselessly low Rp values 

General methods 

A vanation of more than 5° m temperature during a run 
IS heheved to be harmful, at least dunng the coUidme r un 
The cabmet is therefore always kept, if p ossible, m an m side 
room without wmdows XUe operatmg temperature is, how 
■5^er, less critical thanwas previously thought Excellent 
results have been obtamed at room temperatures of 12-31“ 

T he phenol was always used as the first solvent Addition 
of about 0 1 g of -N aCN to one of the beakers in the bottom 
of the bosf was a greaTEelp m preventmg oxidation of phenol 
Just b efore closmg the eshmet stthe heginning of s rnn ^ four 
dropf of ammomasolution (sp£r 0 880) were dropped m 
d own the si de' PburTrops of diethylamme (Consden, 
Gordon <L Martm, 1947) were likewise added just before a 
‘coUidine’ run The sheets were dried at room temperature 
by directmg an electno fan on to them overnight The 
ninhydnn rpn ctinn-w a s- a llowed to t-ale place during 24 hr 
at room temperature (24 -30°) This avoids the danger of 
fedmg ofEEe colouroinng to overheatmg in the oven With 
the exception of a. ammo isobutync and of a ammo a 
methylbutyno acids (g c ) aU the ammo acids readily de 
velop m this way No difficulties with the ‘pink front’ of 
Consden ei al (1944) due to oontammation by C!n salts have 
ever been encountered, even when no cyanide was added to 
the cabmet Occasional batches of nmhydrm have been 
purchased that fail completely to give any colours with 
ammo acids i 

The ammo acids were normally used m the form of a 
0 0l3i solution, 5-10 bemg nearly always adequate to 
give a good spot on the paper T he standard solutions ar e 
st able over many months if made up in 75% (v/v) ethano l, 
a small amount of cone HCl bemg added to dissolve the less 
soluiile' ones When reference is made to the appearance of 
this or that amino acid m nrm e or hlgpdjtjs tO ha-flUBirSed 
that volumes ot 25 /iL of urme and of 12S id of nrotem 
' free pTSEnrSTiave' been~laken lor the chromatogram (see 
DEHtrl^iPT There Iras'beeaTRJ'systematic attempt to deter 
mme the lower limi t of sensitivity for the detection of each 
ammo acid, the figures quoted are therefore usually on the 
high side No mention is made as to the optical species, 
smee there is good reason to beheve that the active com- 
pounds and racemic mixtures travel similarly on the paper 
The numerous substances which give very weak colours 
with nmhydrm are not mcluded m the map, smed under the 
conditions imposed, they are not hkely to be present m large 
enough amounts to he confused with simple ammes 

Rp values are not mentioned as such any longer The 
rough figures can be surmised from Eig 2 which is drawn to 
scale The values m ‘ colhdme ’ vary so widely with the isomer 
composition as to be worthless to record Values m phenol 
are much more constant, but there is an occasional un- 
accountable variation of up to 15 % , except under carefully 
controlled conditions, as when two sheets are run simul 
taneously m the same cabmet It is stressed that the safest 
and simplest method of identification, now used exclusively. 
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IS from the pattern of the spots This is remarkably cohstant 
and can be seen at a glance when many ammo acids are 
present together iVhen only a few are present the most 
convement ammo acids to add as markers are glycme, 
alanme, vahne and leueme This ex6a step is not usually 
necessary because these same ammo acids are the ones most 
commonly present m greatest amounts in biological flmds 

Special methods 

Effect of acidity during the phenol run The basic ammo- 
acids travel much more slowly under conditions of acidity 
which have httle if any efieot on the monoaminomono 
carboxyho acids (Consden el al 1944) This Is, mdeed, 
a very good test for basicity The effect is even more marked 
with more basic substances such as glncosamme (3 a ) 
Perhaps the best way of carrying this out is to mtroduce 
durmg the phenol run a beaker of 60 % (v/v) acetic acid mto 
the cabmet, and, of course, to omit the ammomn Equal 
volumes of cone HCl and water may also be used m the 
beaker, but sometimes this mixture will also slow consider 
ably the monoammomonocarboxyhc acids The writer can 
not confirm the claim of Consden el al (1944) that the mono 
ammodioarboxyhc acids travel qmcker m phenol under acid 
conditions Anomalies of their behaviour are discussed 
further under ‘glutamic acid’ and ‘aspartic acid’ m the 
section on results 

Hydrogen peroxide treatment This contmuos to be a 
valuable techmqne for investigating the sulphur oontammg 
ammo acids The H,0. is apphed on the paper itself as 
previously desenbed (Dent, 1947 a), or about 6 gl may be 
mixed beforehand with the sample An mterestmg pomt, 
also discussed later, has arisen with regard to methionme 
sulpboxide This substance does not oxidize further to the 
Bulphone under the usual conditions which are adequate to 
oxidize methionme completely Indeed, as far as can be 
judged from the chromatographic method, when a mixture 
of methionme and methionme sulphoxide is treated with 
HjO, the methionme is converted to the sulphone, this pre 
sumably havmg to go through the sulphoxide stage of 
oxidation, while the sulphoxide which was present from the 
start remains largely unchanged Addition, however, of 
10-20 pi of 0 02 % ammomum molybdate to the spot on the 
paper allows the HjO, to convert both methionme and its 
sulphoxide to the sulphone There was always moreased 
decomposition of the phenol after H_0, had been used on the 
paper 

Boutine method of tnvesligating a potentially 
interesting fluid 

ike following routme is almost unavoidable with a new 
mixture containmg many ammo acids, if all of them are to 
be detected and identified 

(1) Step method (one dimensional chromatogram) run 
with phenol This serves as a rough quahtative and quan 
titative test The volume of solution taken for the further 
tests may have to be adjusted on the basis of this result 

(2) Strip method with' colhdme ’ Developments effected 
with the Pauly diazo reagent (Pauly, 1904) to show histidme 
and other diazo reaetmg substances, which may not appear 
m the later tests owmg to their relatively weak nmhydrm 
colour reactions 

(3) Paper square (two dimensional) run with phenol and 
‘colhdme’ This detects nearly all the ammo acids 
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(4) Same as (3), but -with pnor HjOj treatment This Further ohromatogrnroa may be necessary to corer 
detects oystme and methionine and ■vnll also affect other apeoifio pomts, especially after additions of pure ammo 
spots if due to dicovalent sulphur compounds (g v) ' acids to act as markers 



1-0 M 0-8 0-7 CW 0-5 CM 0-3 0-2 0-1 0 


Fig 2 The ‘Map of the Spots’ The crosses show the average positions taken up on phenol ‘coUidme’ two dunensioiial 
ohromatogTams by the substances m question See text for the identifications The map is drawn to scale, assummg 
that the ammo acids start from the pomt at the nght-hand bottom comer, and that the phenol is allowed to soak first 
along the paper from nght to left, as far as the extreme left edge, then the oolhdme m an upward direction as far as 
the top edge Approximate values can be deduced from the scales at the edges In practice, owing to the lower 
average Bj. values m ‘coUidme’’, it is more convenient to run the ‘colhdme’ for a greater distance on the paper than 
the phenol This has the effect of spreadmg the spots upwards to a proportionate extent 


(6) Same as (3), but after hydrolysis with 6 k HCl for 
24 hr at 100° The HCl must he removed by evaporation 
and the eolation then made up to its original volume Spots 
due to peptides, amides or tryptophan are removed by this 
process Ammo acids liberated by the hydrolysis appear as 
new spots or as a Btxengthonmg of the spots already given by 
the iinhydrolyzed fluid It is important to remove traces of 
protem before the acid hydrolysis 


RESULTS 

The behaviour of each ammo acid can be seen frorn 
the map (Pig 2) and from the summaries below 
Substances marked with an asterisk have only been 
run a few times on tbe chromatograms, and the 
results should bo accepted with more reserve than 


N 
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those from the other ammo -acids, many of winch 
have been run hundreds of times and under very 
variable conditions The position of each substance 
on the map is shown by the number m parentheses 
after the name Tlie colour mentioned refers to the 
nmhydrm reaction and is to a minor extent de- 
pendent on the composition of the ‘ ooUidme ’ used 

Amino-actds or other knoiim substances shown 
on the map 

a Alamne (20) Detectable m amounts of 2 pg 
Gives a purple colour Nearly always found m urme 
and other body flmds 

P-Alanine (29) Detectable m amounts of 6 pg 
Gives a bluish purple colour Its position on the map 
is so close to that occupied by citrulhne that there 
18 a serious possibdity of confusion, mdeed simple 
position matclimg has so far alwaj's faded to make 
distmction possible See ‘Citrulhne’ for a useful 
spot test A substance givmg a colour m this position 
is often found m blood, urme and m plant and tissue 
extracts It has been proved to be ^ alanme m some 
of these cases 

*a.]lQThreonin6 (16) Detectable m amounts of 
6 pg Gives a purple colour This unnatural ammo- 
acid cannot be distmguished from threonme either 
m these solvents or m butanol 

a-Amino n hutync aad (26) Detectable m 
amounts of 4 ^ Gives a purple colour This sub 
stance has been found m nearly every plant or animal 
tissue extract so far exammed It is usually present 
m much smaller amoimt them its neighbours, alemme 


( 1 947 ) m potato extracts (no 23 m theu photograph) 
In the absence of close neighbours to act as reference 
pomts it may be confused with the commonly 
occurrmg methionine sulphoxide In such a case, 
its identity may be confirmed by addmg markers or 
by its stabihty to IljOj m the presence of ammqmum 
molybdate 

*e-Aminohexanoic acid (66) (t ammo n caproic 
acid) Detectable m amounts of 6 pg Gives a purple 
colour The nmhydrm reaction occurs as readdy as 
with the a amino acids Its position is very different 
from that occupied by its isomer, norleucme The 
acid IS not beheved to occur m nature 

*a Ammo e hydroxycaprotc acid (38) Detect- 
able m amounts of 10 /ig Gives a puiple colour Not 
beheved to occur m nature A spot m this exact 
position has, however, been given by the acid 
hydrolysate of deammized casern, 1 e casern treated 
with HNOj In the same hydrolysate onlj’- a- trace 
of lysme was found 

*a Ammooctanotc acid (43) (a ammocaprjfic 
acid) Detectable m amounts of 6 /ig Gives a jpurple 
colour It has not yet been found m nature 

*S-Amtnopentanoic acid (67) (S ammo n-valenc 
acid) Dectectable m amounts of 6gg Gives a purple 
colour The nmhydrm reaction occurs as readdy as 
with the a ammo acids Its position is \ ery different 
from that occupied by its isomer norvahne The 
acid is not beheved to occur m nature 

*a-Aminophenylaceiic acid (33) Detectable m 
amounts of 8 pg Gives a puiple colour It is not 
beheved to occur m nature 


and vahne It has not been found m acid hydroly- Arginine (66) Detectable m amounts of 16 pg 
sates of natural protems, although it has been seen Gives a purple colour In the presence of 1 1 (v/v) 
occasionally m the hydrolysates of chemically acetic acid it takes up the position 66A The rate of 
modified protems, or m alkahne hydrolysates movement m phenol is slowed stdl further m the 
Actual isolation m bulk for final confirmation of its presence of 6 n-HC 1 Its presence may be confirme d 
structure remains to be done by means of th e Sakaguchi reaction directly apph ed 

*a. Amtnomohuiync acnd (37) Detectable m tolihe spot on the paper (Consden, Gordon & Martm, 
amounts of 4 /ig Gives a purple colour The nm- l946o) However, this reaction 1 ^ of hmited value 
hydrm colour reaction occurs much less readdy than smce it is less sensitive than the nmhydrm test^and 
with a ammo n butyric acid and the other common does not work weU on spots previously de v elop ed 
a ammo acids No colour develops after several with ninhydrln Arginine'lis very "commonly found 
days at room temperature It soon appears, how- m”biological fimds 

ever, on heatmg to 100° This is presumably due to Asparagine (13) Detectable m amounts of 6 pg 
a steric effect from the fully substituted a carbon Gives an orange brown colour, sometimes tmged 
atom (see also a Amin o a-methylbutync acid) The with ohve Although it moves very close to glycme, 
unusual behaviour with nmhydnn allows of an easy overlappmg always takmg place when both are 
distmction from the isomeno n compound. This acid present, it can usually be distmguished by the 
has not yet been found m nature difference m the colour Presumably a small amoimt 

y-Aminobutyric acid (40) Detectable m amounts of asparagme could not be detected m the presence 
of 6 pg Gives a purple colour A substance has been of a large amount of glycme, smce the large spot then 
found m traces m blood and urme which matches its given by the latter would completely overlap the 
movements exactly Both are stable to HjOj, to former Asparagme has moved rarely to a position 
prolonged acid hydrolysis, and are not affected by shghtly above glycme It has been found m patho 
rurmmg the chromatogram at an acid pH durmg the logical urme, and, of course, m large amounts m 
phenol run It is probably one of the substances plant extracts and also m Amigen a commercial 
found m fair quantity by Dent, Stepka & Steward brand of enzymic casern hydrolysate It must not be 
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confused with an unidentified substance, stable to 
hydrolysis, which also gives a jeUow spot and is 
present in biological extracts This substance (not 
shown on tlie map) moves to a position just below 
asparagme 

Aspartic acid (6) Detectable m amounts of 5 pg 
Gives a bluish purple colou r which dev elops a httle 
more slowly at room temperature than do the colours 
of the other common ammo acids The sp ot usual ly 
shows streakm g m the direction of theline shown, or 
may' eferiT^pear as Jiwo -distinct spo ts one over the 
other Tlie reason for tins is not yet Imown The acid 
IS not usually found m normal urme, but often m 
pathological ones vnth a high concentration of 
ammo acids (Dent, 19476) When found m natural 
sources the spot is often distorted by an umdentified 
yellow substance which moves between aspartic and 
glutamic acids 

Drmes winch do not contam detectable aspartic 
acid or asparagme often contam large amounts of 
the former after acid hydrolysis Presumably the 
aspartic acid is present m the ongmal urme as a 
simple derivative, such as an acyl one 

*Camosxnc (64) Detectable m amoimts of 16 ^g 
Gives a browmsh yellow colour wluch turns greenish 
if heated to 106'’ It has not yeC been found m blood 
or urme 

OUruUtnc (30) Detectable m amounts of 6 pg 
Gives a reddish purple colour It may be confused 
with ^ alanme which moves to. a similar position It 
can be distinguished from ^ alarune by treating the 
spot on the paper with 6% (w/v) p dimethylammo- 
benzaldehyde m rr-HCl wnth which it gives a bright 
yellow colour, m common with urea and many other 
urea derivatives, whereas p alanme does not give 
a colour reaction Its previous treatment with 
nmhydnn does not mterfere The aldehyde reaction 
for citrulhne is less sensitive than the nmhydnn 
colour reaction, hence a negative test must only be 
considered significant when the ninhydrm reaction 
IS very strong A weak spot m the position of 
citrullme and giving the typical reddish purple nm- 
hj dnn colour is often seen m normal blood and urme 
However, the presence of citrulhne m these flmds 
has not yet been confirmed by the spot test 

Cystathionine (7) Detectable m amounts of 8 /ig 
Gives a purple colour Treatment with HjOj pro- 
duces a compound wluch travels more slowly m 
phenol and decomposes dunng the colhdme run It 
has not yet been found m nature by these methods 
Cysteic aetd (1) Detectable m amounts of 6 pg 
Giv es a blue colour It is formed, apparently quan 
titatively, from cystme, by treatment with HjOj 
Old solutions of cystme may show the presence of 
cysteio acid Traces of the latter, occasionally found 
m urme, may possibly hav e ansen from cystme by 
oxidation durmg storage Urme from a patient with 
cystmuna, when treated with H.Oj, contains easily 


detectable amounts of cysteio acid This has oc- 
curred with the fresh urme as well as with urme that 
has stood imtd cystme crystals have deposited No 
further evidence has therefore been secured m 
favour of the theory that the cystme is ongmaUy 
secreted m the form of a complex which decomposes 
on standmg (Brand, Hams & Bdoon, 1930) Cysteic 
acid IS found m the hydrolysate of casern treated 
with HjOi accordmg to the method of Toenmes 
(1942), and also m the hydrolysate of aged wool 
(Consden et al 19466) 

Cysteine and cystme These compounds are not 
usually seen m the chromatograms, at least when 
present m amounts of a few pg If large quantities 
are used, traces of cysteio acid may be detected and 
also spots due presumably to partial oxidation pro- 
ducts Consden ei al (1944), however, report a 
position for cystme on their chromatograms The 
only apparent difference m their working conditions 
is m the use of the solvents m the reverse order, 1 e 
‘ coUidme ’ first, then phenol 

Diiodotyrosine (17) Detectable m amounts of 
40 pg Gives a dull greemsh purple, shghtly duller 
and browner than that given by tyrosme It readily 
couples with diazotized sulphaniho acid m Na^COa 
solution (Pauly reagent) to give a brownish red azo 
dye, presumably with the ehmmation of iodine 
Previous development with nmhydnn does not mter- 
fere with the diazo reaction 

*pP-DimiiJiylcysteine (pemcfilamme) It decom- 
poses on the cliromatogram when apphed m amounts 
of a few pg Some PPP'P' tetramethylcystme may 
be formed, however, and is then picked up m its 
accustomed position [q v ) 

*DjenLolic acid (14) Detectable m amounts of 
6 pg Gives a purple colour Treatment with HjOa 
produces a compound which travels more slowly m 
phenol and which decomposes during the colhdme 
run 

Ethanolamine (48) Detectable m amounts of 5pg 
Gives a purple colour A serious loss of the matenal 
by volatilization always occurs if the paper is dried 
at 100°, and apparently to some extent when aU the 
operations ore earned out at room temperature 
When the phenol run is earned out m the presence of 
6N-HC1 the substance finally occupies the position 
48A It 18 beheved that ethanolamme is the sub 
stance m pathological urmes, previously reported 
under the name ‘fast-vahne’ (Dent, 19476) It has 
also been found m the hydrolysate of grarmcidm 
(Sjmge, 1946) 

Ethanolamme phosphoric acid (10) 

(NH,CH,CHj 0 PO(OH)i) 

Detectable m amounts ot 10 pg Gives a purple 
colour, the colour produced at room temperature - 
usually mtensifies on heatmg It is remarkably 
stable to acid hydrolysis, plenty of the matenal 
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surviving 6 n-HC 1 for 24 hr at 100° It is unaffected, 
by HgOg A substance has been found m cancer 
tissue, intestinal mucosa and body flmds which 
matches the movement exactly on the chromato- 
gram and also shows the above properties Ethanol- 
amme phosphoric acid has been isolated ffom m- 
testmal extracts by Colowick & Con (1939) 

Glucosajmne (24) Detectable m amounts of 1 6/ig 
Gives a purple colour Tlie ninhydrm reaction occurs 
as readily as with the common a ammo acids When 
the phenol nm is earned out m the presence of the 
vapour from 1 1 (v/V) acetic acid it takes up the 
final position 24A Glucosamme has been frequently 
found m the hydrolysates of naturally occurrmg 
proteins rmd is presumably denved from combmed 
polysaccharide 

GRtiiamic acid (6) Detectable m amounts of 3 [ig 
Gives a purple colour It often ocour8__a3_ a strea k 
along the direction of th e dott ed hne, the bulk of the 
colDQr’^ometimes bemg collected at the two ends, 
almost as if it were tiymg to form tvm separatehpots 
(compare the behaviour of aspartic acid) ’The lower 
part IS always much reddermcoJQur At othertimes it 
may take up an ev en lower position on the map, thus 
causmg senous danger of cbtQusion with the other 
ammo acids m that region This very low position 
IS well illustrated m the photograph published by 
Martm (1947) of the chromatogram given by hydro- 
lyzed gelatme No reason can be suggested for these 
unpredictable anomahes of behaviour Further 
difSculties suggestive of peptide formation arise 
when old solutions of glutamic acid are analyzed on 
the chr-omatograms A two year old solution of 
glutarmc acid m 0 4 n HQ has ap preciable quan - 
tities^ an othemt Bhydfm reactmgsubstanTOi^ch 
moves much more sldwl^than glutamic acid m 
phenol and is decomposed back mto the latter on 
acid hydrolysis Equally old solutions m 76 % (v/v) 
ethanol have given up to four spots widely separated 
on the paper The mam one of these, wluch travels to 
a position between leueme and «thanolamme, is 
detectable when the solution is only a few days old, 
and appears to be the y ethyl ester TogeHier with 
other anomahes m the behaviour of glutarmc acid 
already reported m the hterature these findmgs 
suggest that some fundamental facts m the simple 
chemistry of the compound stiU await discovery 
Traces o f glutarmc acid are usuaUy found m blood , 
urme, and plemt tissues Large amounts may be 
further liberated by mild acid hydrolysis even when 
only mere traces of glut amin e are present Pre- 
sumably the glutarmc acid m such cases is present 
m the form of a simple N derivative, such as an acyl 
one (compare aspartic acid) 

Olutamine (21) Detectable m amounts of 6 gg 
Gives a purple colour Incorrectly stated to move 
to the same position as alanme (Dent, 1947a), this 
substance moves to a position mdistmguishable 
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from that behoved also to be occupied by a peptide 
(see ‘Under alanme’) contammg serme and glycme 
Owmg to tins behaviour the identification of glut- 
amme must alwa 3 is be confirmed by hydrolysis, 
which should result m the disappearance of the 
glutamme with simultaneous appearance of at least 
a corresponding amount of glutarmc acid but no 
mcrease m the serme or glycme With this method 
it now appears that the substance found m this 
position m normal blood and urme is glutamme and 
not the peptide ‘under-alanme’ as previously 
claimed by the author (Dent, 1 947o) Glutamme has 
also been detected m large amounts m pathological 
urmes, m plant extracts and m Amigen 

*Olutaihione (4) Detectable m amounts of 10 gg 
Gives a purple colour A spot m this position has 
been given by tissue extracts Tlie position given bj"- 
pure glutathione has not, however, been very exactl 3 
reproducible Further work is required to determme 
the optimum workmg conditions for its identifi- 
cation 

Qlyctne {12) D etectable m amounts of 1 gg G ives 
a shghtly reddish purple colour It is usually the 
mam ammo* acid m urme, but is usually found m any 
biological fimd After its hydrolysis by acid, urme 
often shows a large mcrease m glycme, presumably 
obtamed from hippunc acid 

ELwtamtne (69) Detectable m amounts of 16 gg 
Gives a dull greenish purple colour Its identity can 
be confirmed by the bright red colour reaction which 
it gives with the Pauly reagent The vapour from 
1 1 (v/v) acetic acid does not affect its movement m 
phenol If 5n HCl be present, however, it is greatly • 
slowed and ends up m the position 69 A It has been 
found m tissue extracts and possibly m pathological 
urmes There is a senous danger of losmg "the hist- 
amme owmg to its volatihty 
l/Histidme (27) Detectable m amounts of 20 gg 
Gives a dull greenish purple colour The strength of 
colour seems to be defimtely less than that giv«n by 
an equimolecular amount of the common a ammo 
acids Hence the presence of histidme is better 
detected by means of the Pauly reagent with which 
it gives an mtense red colour For this test the paper 
18 freed from all 'traces of phenol or ‘coUidme’ by 
leaving it overnight m the' oven at 100° or by 
thorough washmgwithbenzene or acetone Premous 
use of ninhydrm does not mterfere with the Pauly 
reaction The position of histidme on the chromato- 
gram vanes appreciably with the nature of the 
‘colhdme’ used Pure 2 4 6 coUidme brings it to a 
position well below the level of metluomne sul- 
phoxide (no 39 'on the map), and also results m a 
much browner ninhydrm colour Some impure 
‘coUidmes’ of unknown isomer composition may 
raise it almost to the level of g- amin o n-birtync acid 
(no 26) The movement m phenol is not slowed by 
the vapour of 1 1 (v/v) acetic acid It is, however. 
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slowed to position 27 A in the presence of Sn-BECI 
Commonly found m biological fluids 

*Homocysteic acid (3) Detectable m amounts of 
10 /ig Gives a blue colour It is readily formed from 
homooystme by the action of HjO, It may be 
confused with cyateic acid unless careful matchmg 
18 done Hot yet found m nature 

*nomocystine This substance does not appear on 
the chromatogram owing to its decomposition 
Hydroxylysine (31) Detectable m amounts of 
16 gg Gives a dull purple colour Its position on the 
chromatogram agrees with the rule that the addition 
of a hydroxyl group on to the |3 carbon atom of an 
ammo acid (lysme m this case) lowers the Rp m. 
phenol with little effect on the R pin coUidme The 
Eunmo acid moves to position 31 A when the phenol 
run 18 earned out m the presence of the vapour 
from 1 1 (v/v) acetic acid It has not yet been 
found chromatograplucally m natural sources, 
although the photograph of the chromatogram 
from hydrolyzed gelatme published by Martm 
(1947) shows a suspicious smudge m the appro 
pnate position 

Hydroxyproltne (28) Detectable m amounts of 
16 gg Gives a browmsh yellow colour The spot 
usually touches that of alamne, but the two are 
easily distinguished by colour Found a few tunes 
m urme, more often m hydrolyzed urmes 

*Lanthionine (8) Detectable m amounts of 6 gg 
Gives a purple colour Treatment with HjOj 
produces a compound which travels more slowly m 
phenol and which decomposes dunng the colhdme 
nu^Not yet found m nature 
yZiCucine (46) Detectable m amount s of 10 ug 
Gives a purple colour Comcides with isoleucme and 
norleucme m the phenol ‘ colhdme ’ chromatogram 
Identification of a spot m this position is therefore 
best done after isolatmg the pure .ammo acid by the 
cuttmg out teclinique (Dent, 1947a , Consden et al 
1947) The material must then be run on a strip of 
paper (one dimensional cliromatogram) with buta 
nol as solvent The isomers are readily separated 
from each other m this way and should be identified 
by simultaneous companson with standards of the 
pore ammo acids Norleucme travels the fastest m 
butanol and is followed by leueme and then by 
isoleucme Alternatively the original cliromatogram 
could be run agam with butan of as first solvent m the 
place of phenol The positions with this solvent 
combination have not yet, however, been worked 
out accurately enough In the absence of umdenti 
fied ammo acids whose behaviour m the solvents 
IS imknown, the tliree leucmes can be distmgulshed 
bs' a one dimdnsional cliromatogram run with 
benzvl alcohol or butanol on the original mixture 
(Consden, Gordon, IMartm, Rosenheim & Synge, 
1945) Leueme is commonly found m biological 
flmds 


Jaoleucine (46) Detectable m amounts of 10 gg 
Gives a purple colour See ‘Leueme’ for identifi- 
cation It IS commonly found m biological fluids 

Lysine (68) Detectable m amounts of 16 gg 
Gives a dull purple colour Its spot always tends to 
be larger than the others and often shows streakmg 
to the right It takes up position 68 A when the 
phenol run is carried out m the presence of the 
vapour from 1 1 (v/v) acetic acid In the presence 
of 6 n-HCI much greater slowmg occurs m the phenol 
It usually overlaps ormthme if present For their 
identification m the presence of each other see 
‘ Omithme ’ Commonly found m biological fimds 

Methionine (34) Detectable m amounts of 10 gg 
Gives a purple colour Overlaps with l eueme , al 
though it may be distmgiushed when present in high 
concentration Its presence is beat confirmed by the_ 
HjOi techmque (g v ) Methionine slowly oxidizes to 
tKe~suIphoxide if left to stand some days on the 
filter paper It oxidizes more' readily dunng the 
development of the chromatogram so that a pure 
sample of metluomne usually gives two spots of 
about equal strength, one for the methiomne and 
the other for its sulphoxide This artifact of oxidation 
occurs mamlydurmg the phenol run The presence of 
methiomne m the ongmal sample may therefore be 
suspected whenever the sulphoxide is found m its 
charewtenstic position (no 39) (see below for further 
details) The platmum reagent desenbed by Consden 
etal (1940a) can also be used to detect methiomne 
The test, however, is less sensitive than the nm- 
hydrm colour reaction and cannot be apphed after 
mnliydnn It is not positive for the sulphoxide or 
sulphone, or for cystme Methiomne is only very 
rarely detectable m biological flmds 

Methionine sulphone (26) Detectable m amounts 
oflOgg Gives apurple colour Is formed, apparently 
quantitatively, by treatmg methiomne with an 
excess of HjOj Not beheved to occur m biological 
flmds It has been found m the hydrolysate of 
casern treated with HjOj by the method of Toermies 
(1942) 

Methionine sulphoande (39) Detectable m amounts 
of 6 gg Gives a puiple colour Treatment with 
has hardly any effect on it, at most only a trace bemg 
further oxidized to the sulphone In the presence of 
ammomum molybdate, however, HjOj converts it 
quantitatively to sulphone This serves as a most 
specific confirmatory test of its identity It is only 
rarely found m biological flmds When methiomne 
sulphoxide is fotmd m biological flmds, the question 
whether it was present as such m the ongmal flmd 
or was formed from methiomne dunng the phenol 
run can be settled by treatment with HjO- without 
a catalyst The sulphoxide, if present, survives the 
oxidation and is agam found on the chromatogram 
If only methiomne is present it will aU be oxidized 
to sulphone, and no sulphoxide is found This 
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method has heeu tised to confirm the excretion of 
sulphoxide, as such, m the unne, after givmg methio 
nine by mouth (Dent, 1947 a) 

*a.-Methyl a amino n butyric acid (49) Detect- 
able in amounts of 10 yg Gives a purple colour As 
with a ammoisobutync acid which is also fully suh 
stituted at the a carbon, the colour does not develop 
on standing a few days at room temperature It 
slowly appears on heatmg to 100° This behaviour 
enables it to be easily distmguished from neigh 
bourmg substances on the chromatogram It is 
beheved not to occur m nature 

Methylhistidinc (61) (ohtamed from anserme) 
Detectable m amounts of 20 ^g Gives a dull greemsh 
purple colour closely matching that given by histi- 
dme It does not give any reaction with the Pauly 
reagent Its spot partly overlaps that of probne 
from which it is easily distmguished by its colour 
As shown on the map its relation to probne (no 62) 
m a vertical direction is subject to a httle variation 
The position shghtly above probne is more usual 
A substance assuming exactly its position and 
matchmg its colour with nmhydrm has been found 
m several pathological urmes and has appeared as 
the strongest spot m the chromatogram from a 
normal'dog’s urme 

*Monoiodotyrosine (23) Detectable m amounts of 
30 fig Gives a dull greenish purple colour, closely 
matchmg that given by tyrosme It readily reacts 
with the Pauly reagent to give a brownish red com- 
pound mdistmguishable from that given by tyrosme 
Its position IS very close to, if not identical with, one 
of the radioactive spots found by Fmk, Dent & Fink 
(1947) m the chromatogram of the hydrolysate of a 
rat’s thyroid gland removed 24^8 hr after an m- 
jection of otherwise no evidence has been 

obtamed of its possible occurrence m nature 

*Norleucine (47) Detectable m amounts of 10 yg 
Gives a purple colour See ‘Leucme’ for method of 
identification Not beheved to occur m biological 
flmds 

*Norvaline (36) (a a mm o n-valenc acid, a ammo 
pentanoio acid) Detectable m amounts of 6 ftg 
Gives a purple colour Not clearly distmguishable 
from vabne, although a spot made up of both vabne 
and norvalme may appear to bo double To dis- 
tmguish between the two the substance givmg the 
spot must be isolated by the cutting out techmque 
(Dent, 1947a, ConsdenetaJ 1947) and the substance 
run on a paper strip (one dimensional chromato- 
gram) with butanol This readily separates them, the 
straight cham compound as usual traveUmg faster 
than its branched isomer It is not beheved to occur 
m nature 

Ornithine (41) Detectable m amounts of lOfig 
Gives a purple colour The spot always overlaps 
that given by lysme if both substances are 
present together The two substances appear at first 
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sight to be givmg one large spot The shghtly 
different shades of the colour reaction can, however, 
usually be observed For" final confirmation of 
identity the chromatogram must be repeated with 
the vapour of 1 1 (v/v) acetic acid present durmg 

the phenol run Under these cucumstances the 
much greater slowmg of the ormthme (to position 
41A) compared with the lysme causes two distmct 
spots to be produced which a]:e then easily identified 
Ormthme has not yet been found m blood and urme 
Penicillamine See dimethylcysteme 
Phenylalanine (44) Detectable m amounts of 
10 fig Gives a greenish purple colour, with other 
‘ colhdmes ’ the colour may be blue or even brownish 
Addition of a trace of diBthylamme to the cahmet is 
necessary for the phenylalanme to move to the 
position shown (Consden et al 1947) In the absence 
of diethylamme or if only a mm onia is added it 
mvariably moves slower m the coUidme and then 
overlaps the leucmes seriously It is often found m 
pathological urmes 

Proline{52) Detectable m amounts of 8 pg Gives 
a lemon yellow colour It is often found m patho 
logical urmes 

Senne (9) Detectable m amounts of 2 yg Gives 
a purple colour which may appear brownish when 
impure ‘ colhdme ’ is used It is often found m traces 
m normal urme, much larger amounts may be 
excreted m disease (Dent, 19476) 

*Senne phosphoric acid (2) 

CH, 0 PO(OH)j 
H(NH,) 

OOH 

Thus was exammed m the form of the Ba salt and 
was detectable m amounts of 10 fig Gives a purple 
colour It has given either a smgle or a double spot 
under apparently s imil ar conditions There is some 
eiudence, however, that the part of the spot movmg 
faster m phenol occurs when the concentration of 
ammoma is shghtly greater It has not yet been 
found firee m nature It is present m a combmed 
state m casern and viteUmic eioid 

Taunne (11) Detectable m amounts of 3 fig 
Gives a purple colour The nmhydrm reaction occurs 
as readily as with the common a ammo acids Owmg 
to its characteristic position this is a most useful 
substance to add as a ‘marker’ to help m the 
identification of neighbourmg ammo acids Its 
position IS not altered by the presence of acetic or 
hydrochloric acids durmg the phenol run It is 
commonly found m normal blood and urme In 
pathological urmes it may be excreted m very large 
amounts to become the strongest spot on the 
chromatogram This substance was alluded to under 
the name ‘ over-glycme ’ (Dent, 1947o) before it was 
identified Paper chromatography probably pro 
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vides the only simple specific test for this widely 
distributed substance JIany of the methods for 
determmation of ammo acids m the urme will m- 
clude taurme as contnbutmg to the ‘total ammo- 
mtrogen ’ Nitrous acid and formol methods will do 
so, £md wiU therefore give quite mcorreot results m 
some pathological urmes containing an excess of 
taurme The copper method {Albanese, Frankston & 
Irby, 1944) and the runhydrm CO, method (V an 
Slyke, MacFadyen & Hamilton, 1943) do not deter 
mme taurme 

*PPP'P'-Tetrameihylcysttn6 (19) (oxidized pemcd- 
lanune) Detectable m amounts of 10 fig Gives a 
purple colour Treatment with H,0, and ammomum 
molybdate causes some of it to be oxidized to an 
umdentified substance which gives a typical nm- 
hydrm reaction and moves to position 19A It has 
not yet been found m biological flmds 

Threomne (16) Detectable m amounts of 10 fig 
Gives a purple colour The colour strength given 
by this ammo acid appears to be weaker than that 
given by the commoner a ammo acids The vertical 
position vanes shghtly with the nature of the 
‘ coUidme ’ used With some crude batches it has been 
moved down nearly to the level of alamne It is 
commonly found m biological flmds 

Thyroxine (42) Detectable m amounts of 60 fig 
Gives an ohve brown colour gomg greener on heatmg 
Thyroxme moves so fast m the coUichne that it may 
run mto a brown impurity which usually shows on 
the finished paper m this region This impunty is 
always formed during the phenol run and is sub- 
sequently earned forward m the coUidme a httle way 
belimd its leadmg edge When it does this, the 
thyroxme may be completely lost There is clearly 
room for the development of a specific test for this 
substance which is more sensitive than the nm 
hydrm reaction, and which gives a colour which will 
show up against the occasional brown background 
So far no success has been obtamed m appljnng the 
mtrous acid reaction of Kendall & Osterberg (1919) 

Tryptophan (32) Detectable m amounts of 20 jig 
Gives a purple colour It is not usually present in 
blood and urme, although it has been found m the 
urme of patients with severe hver damage (Dent, 
1947 &) Not found m acid hydrolj sates of proteins 
owmg to its destruction by the acid 

Tyrosine (18) Detectable m amounts of 16 pg 
Gives a duU greenish purple colour Because of the 
very characteristic and unambiguous position of its 
spot, tyrosine is a most useful ‘marker’ It gives, m 
sinular strength, a brown colour with the Pauly 
reagent A sample of ‘pure ntyrosme’ from a 
reputable manufacturer was found to contam a 
large quantity of leucine It is commonly found in 
biological fluids 

‘Undcr-oTamne' (22) Tins name was given by 
Dent (1947a) to a substance present m the urme of 
Biochem 1948, 43 


a patient with Fancom syndrome and cirrhosis of 
the liver The substance gave a reddish purple colour 
"With ninhydrm and, on hydrolysis of the urme, the 
subsequent chromatogram contamed no ‘under 
alamne’ and showed a remarkable mcrease in the 
content of serme Experiments on the isolated sub 
stance suggested that it rmght be the tnpeptide 
serylglyoylglycme This substance has not been ea- 
countered agam, although there is no reason to 
doubt the ongmal finding It is now known that 
both glutamme and a substance m normal blood 
and urme and m some other pathological urines also 
move to a very similar position to that of the tri- 
peptide It IS now considered that the substance m 
normal blood and urme is glutamme and not the 
tnpeptide, as claimed by the writer (Dent, 1947a) 
It IS considered safe to say that a spot m this position 
is due to glutamme if it disappears on hydrolysis 
to hberate at least an eqmvalent amount of glutamic 
acid without mcreasmg the serme content percep 
tibly 

Fahne (36) Detectable m amounts of 3 /itg Gives 
a purple colour Nearly always found m normal and 
pathological blood and urme and m tissue extracts of 
plants and animals 

Commonly occurring unidentified substances 

' Fast-aminobuiync acid’ (60) This is an im- 
identified substance which has been firequently 
found m plant extracts and m blood and urme It is 
the substance numbered 24 m the photograph of the 
chromatogram of the potato extract published by 
Dent etal (1947) It is stable to acid hydrolysis and 
to HjO, and is not slowed durmg the phenol run by 
working at an acid pH It is therefore beheved to be 
a monoammomonocarboxyhc acid It does not react 
with diazotized sulphamhc acid or withp dimethyl- 
ammobenzaldehyde 

‘Fast-argmine’ {60) This is an unknown substance 
givmg a typical purple colour with ninhydrm It is 
stable to acid hydrolysis, and appeared on one 
occasion to concentrate m a fraction precipitated 
■with phosphotungstic acid When the phenol run 
IS earned out m the presence of the vapour from 
1 1 (v/v) acetic acid it is slowed to the position 60A. 
It IS therefore beheved to be anew basic ammo acid 
It has been foimd several tunes m blood and tissue 
extracts and -was one of the mam ammo acids to be 
passed m the urme of a patient -with Fancom 
syndrome Its movement on the chromatogram 
suggests that it may be the guamdme compound 
denved from lysme, i e 

NH? C( NH) NH CH, CH, CHjCH, CH(NH,) COOH 

’Green-spot’ (63) An umdentified substance 
gi'vmg a bnght green colour with nmhydrm It has 
been seen m many normal and pathological urmes 
It survTV'es hydrolysis -with 6 n-HC 1 for 24 hr at 100° 
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‘Nephrosrs peptide' (61) An unidentified sub 
stance found m large amounts m the deprotemized 
unne m one out of three patients with nephrosis It 
was found m the bio o d of-one of the patients who was 
not passmg it m the urme It gives a typical purple 
colour with nmhydrm, and on hydrolyzmg hberates 
most of the common amm o acids Traces of a sub- 
stance mo\Tng to a similar position have occasionally 
been seen m other urmes 

Avnno-acids not shown on the map 

Thiolhistidme gives bands m phenol of 0 22 In 
coUidme, however, much decomposition appeared to 
take place, for the substance winch gave a very weak 
nmhydrm colour at Rp 0 42 no longer gave the 
Pauly reaction 

Dihydrosyphenylalamne gave bands m phenol 
and coUidme (RpO 33 and 0 44 respectively) but has 
never been seen m a two dimensional cliromatogram 
Presumably it decomposes during the longer tune 
necessary for this process 

Peptides not shown on the map 

Ansenne moves readily on the chromatogram to 
a position near prohne The ninhydrm reaction, how- 
ever, is so weak that it is unhkely to be picked up 
unless present m very large amount Ansenne 
(76 gg ) has been run on a two dimensional cliroma- 
togram without bemg subsequently found It is 
more easily seen on one dimensionals Under such 
circumstances it gives a dull greenish colour with 
ninhydrm 

Purely synthetic peptides do not come withm the 
scope of this paper 

Substances that do not react with ninhydnn 

P 5 rrrohdone carbosy'ho acid does not give a mn- 
hydrm reaction and its movement on the chromato- 
gram has not yet been traced 

This IS no place to mention m detail substances 
which do not react with nmhydrm It is, however, 
repeated that the previous suggestion of the writer 
(Dent, 1947o) that the paper chromatographic 
method rmght be of very general apphcation to 
organic and morgamc substances has been fuUy con- 
firmed m subsequent trials The easy separation of 
clilondes, bromides and iodides by coUidme is 
quoted as a further example of the latter As a result 
of this it IS useful to bear m mind that the same paper 
chromatogram wluch has been run on, say, a 
specimen of urme, can often, after the ammo acids 
ha\e been identified by development with nm 
hydrm, be agam used for the identification of other 
substances present, e g urea, which moves to a 
position below tyrosme on the map There is very 
great scope therefore for the extension of the 
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method to simultaneous qualitative analysis cover- 
mg a wide range of compounds likely to be present 
m biological flmds v 

DISCUSSION 

The chief pomt relative to the more general use of 
the paper chromatographic method concerns the 
question of specificity How far is one justified m 
assuming that a spot m the exact position of, say, 
alamne, is m fact due to alanme ? 

First must be considered the question of the 
specificity of the nmhydrm colour reaction There is 
stiU much confusion on this subject For instance, 
Schmidt (1944) stUl states erroneously that ^ and 
y ammo acids do not give the reaction As shown 
here, where only reactions leading to good colour 
strength are referred to, many primary a min es, as 
well as the jS , y , S , and e ammo acids will give 
typical reactions, the rate ot development of the 
colour, the strength and the actual shade bemg iden- 
tical with that given by a ammo acids However, 
with mixtures obtamed from natural sources only 
a limited number of such substances is hkely to be 
present The simple ammes are readily detected by 
subsequent tests dependmg on the great difference 
m rate of movement m phenol caused by a difference 
m acidity (e g glucosamme) Substances hke taurme 
may be confused with ammo acids, although it 
seems hkely that sulphomc acids will always be 
detectable by their unusually fast movement m 
the ‘colhdme’ The 8- and e ammo acids have so 
far onlj'^ been reported to be formed as the result of 
putrefaction (Neuberg, 1911 and Ackermann, 1910, 
respectively) 

Secondly, the question of the acouraoy of the 
position matching arises Here it must be repeated 
that there is no need to determme R p values when 
enough different a mm o acids are present to enable 
identification from the pattern of the chromatogram 
With very few exceptions the latter is qmte extra- 
ordmanly constant, smce day to day variables 
always and variations m the isomer composition of 
the colhdme nearly always affect the R p values m the 
same proportions and do not therefore alter the 
pattern "When a spot givmg the typical nmhydrm 
reaction occurs m the pattern m the exact position 
of alamne, then the probability is overwhehnmg 
that the unknown substance is m fact alamne A 
final check must stdl be done, however, by addmg 
pure alanme to the mixture and then observing that 
under these identical conditions the pure substance 
runs exactly with the unknown, and that it is qmte 
stable to hydrolysis Hj’^drolysis is most essential, as 
there are so many possible peptides that every 
position occupied by an ammo acid may presumably 
loe overlapped by unknown peptides These may 
give tjqiical ninh ydnn reactions but can be decom- 
posed on sm table hydrolysis For this reason no 
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certain identification is possible by simple matching 
of position of substances which are unstable to 
hydrolysis The writer’s confusion of glutamme with 
a peptide containing senne and glycme serves as a 
personal reminder of this fact 

"Wlien the unknown spot m the hydrolyzed 
solution has been matched with that of a known 
ammo acid, the next pomt to be considered con- 
cerns the fact or hLehhood of smother simple sub- 
stance movmg to the same place Tlua is a far more 
serious possibfiity with ammo acids oontarmng more 
than four carbon atoms (i e valme and upwards), 
smce there is a greatly mcreased chance of isomeric 
or of totally unrelated substances comoidmg Hence 
with such substances the identity should be con 
firmed by isolation by the cutting out techmque 
(Dent, 19470, Consden et al 1947) followed by 
matching m other solvents So far, butanol is the 
only solvent that need be regularly used for this 
purpose, but the use of any number could be en 
visaged m case of ambigmty, smce it is httle trouble 
to isolate enough f($r 10-20 trials 

Fmally, other tests, more specific than the run 
hydrm reaction, can be apphed directly to the spot 
on the paper, as described for histidme, tyrosme and 
citruUme Stabdity to B^Oi would also exclude the 
presence of dioovalent sulphur Basic ammo acids 
are greatly slowedm phenol by acetic or hydrochloric 
acid vapours There is much scope for the develop 
ment of further tests for mdividual substances 

Bearing all this m mmd it must still be admitted 
that there remains a possibihty of confusion between 
a well known substance and another whose presence 
has not been suspected and which may happen to 
coincide on the chromatogram The risk is beheved 
small and will dimmish as our knowledge of natural 
substances mcreases 

It wdl be noted that two dimensional chromato- 
grams are exclusively recommended when a mixture 
of quite unknown composition is to he analyzed 
One dimensionals are only safe when the mixture 
contains a Imuted number of ammo acids all of 
known composition and whose behaviour on the 
paper has already been investigated, as m the 
analysis of many protem hydrolysates For several 
reasons, one dimensional cliromatograpliy is not 
safe m the mvestigation of the non protem mtrogen 
fractions of tissues or m the analysis of blood and 
urine, m all of which new ammo acids have been 
found with embarrassmg frequency First, there is the 
phenomenon of ‘double overlappmg’, illustrated m 
Fig ^ l^Iauy instances ofthis have been encountered 
m practice Secondly, there is the impossibility 
when the mixture oontams very many ammo acids 
of obtaining good separation of the ammo acids from 
each other on one dmensionals This may be readily 
surmised from the pubhshed photograph of the two 
dimensional paper chromatogram ohtamed by Dent 


et al (1947) from an extract of potato tuber This 
extract oontamed at least 24nitihydrm reacting sub- 
stances, probably aU ammo acids Finally it is 
often desired to mu very large amounts of the 
mixture on the chromatogram m order to show up 
constituents present only m relatively small quan- 
tities This can be done on two dunensionals well 
beyond the pomt where m one dimensionals the 
same quantity would show as a contmuous streak of 
colour which would be qmte impossible to mterpret 



Fig 3 Diagram ofpaperohronmtograms drawn to lUnstrate 
the phenomenon of ‘ double overlapping ’ The four circles 
(A, B, O and D) represent the positions occupied by four 
hypothetical ammo acids after runinng as usual on the 
paper square One dimensional chromatograms m phenol 
and coUidme, run with the solvents in the same directions 
as on the square, are shown below and to the side re 
speotively In such a case the square would readily resolve 
a nuxture containing some or aU of the substances A, B, 0 
or D The two one dimensionals if run instead of the 
square would show no quahtative differences between 
mixtures contauung A and D, B and C, A, B and D, 
A, O and D,B,A and C, B, D and 0, A, B, 0 andD, smce 
nil would appear to contam only two substances Similar 
difficulties occur with mixtures only likely to contain 
three substanoea, provided that they move to positaons 
Bimilar to three of those m the figure, and m a mixture 
containing twenty or more ammo acids many instances of 
double overlappmg may occur at the same time on 
different parts of the chromatogram 

The comparison of an unknown substance with a 
pure compound which is believed to be identical 
can be made extraordmanly accurate when the latter 
reference compound can be ohtamed m radioactive 
form Tlie latter is added to the nuxturo m trace 
amounts before they are run together on the chroma 
togram The final position of the unknown can then 
be developed as usual with nmhydrm, and the 
position of the added pure substance determmed by 
means of a radio autograph, i e by holding the paper 
agamst a photographic plate for a sufficient period of 

12 2 
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time The Wo compounds are thus developed m- 
dependently of one another If they are one and the 
same they ■will comcide exactly, not only m their 
average positions hut also m the size and shape of the 
spot The shght rrregulanties ■which always occur m. 
the shape must be exactly reproducible The final 
identification has the finality of a ‘finger prmt’ 
method This method has been used already by 
Fmk et al (1947) m the case of duodotyrosme con 
tammg 

In practice, with substances of natural ongm and 
the solvent combmation described here, the only real 
confusion m the identification of simple ammo acids 
m the absence of jieptides occurs m the cases of 
leucme and isoleucme and of citnilline and ^ alanme 
The methods for distmguishmg these are given m the 
experimental section 

It IS conceded that actual isolation m quantity 
followed by the classical methods of chemical identi- 
fication should also be undertaken whenpossible, and 
IS adinsable as an mdependent method of confirma 
tion when claims of the discovery of new ammo acids 
are made However, it is held strongly that paper 
chromatography has a place of its o-wn m ammo 
acid problems, at least as important as that of the 
older methods The latter are themselves often sub- 
ject to serious criticism when apphed to substances 
separated from mixtures containing many closely 
related compounds Certainly as far as concerns the 
mvestigation of mixtures, the chromatographic 
method is far more specific than any chemical or 
nucrobiological method m use at the present time 

FmaUy, it ?s urged that a new name be found for 
a techmque which is bound to have "wide apphcation 
as a general method of chemistry and which can only 
be adequately described now as ‘ partition chromato- 
graphy usmg filter paper’ The name ‘papyro 
graphy ’ is subrmtted for consideration 


STBEMARY 

1 The two dimensional filter-paper method of 
partition chromatography has been apphed to some 
sixty ammo acids and other mnhydrin-reactmg sub 
stances, usmg the pair of solvents, phenol and 
‘coUidme’ 

2 A map is sho-wn ginng the positions taken up 
by these substances on the paper square 

3 With additional tests the method can be apphed 
to the identification of aU the ninliydrm reacting 
substances likely to be present m biological fimds 

4 The ninliydrm colour reaction as used here is 
positive for many aliphatic ammes and also for /S , 
y-, S , and e ammo acids 

6 Peculiarities m the behamour of glutamic acid, 
and to a lesser extent of aspartic acid, suggest that 
there are unkno'wn facts m the chemistry of these 
substances 

6 Deaminized casern when hydrolyzed contains 
only a trace of lysme and an ample quantity of 
a ammo e hydroxycaproic acid 

7 Apart from the co mm on ammo acids the fol 
lo-wmg substances have been found m biological 
fimds by this method of analysis jS alanme, a 
ammo n butyric acid, y ammobutyric acid, ethanol- 
amme, ethanolamme phosphoric acid, lustamme, 
metlnonme sulphoxide, methylhistidme In addi- 
tion, mention is made of four common but un- 
identified substances that have been encountered 
One (‘fast ammobutyric acid’) appears to be a 
monoammomonocarboxyhc acid, another (‘fast- 
arginme’) a new basic ammo acid 

Grateful thanks are due to the man-y people in Britain 
and America, too numerous to mention by name, 'who have 
donated some of the very valuable speounens used here, and 
■without •whose co operation this work would have been 
impossible 
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Some Factors affecting the Extraction of Nitrogenous Materials 
from Leaves of Various Species 

By E M CROOK* Airo M HOLDEN, Rothamsted Expmmmtal Station, Harpenden, Herts 

{Receited 19 November 1947) 


On the basis of experiments with tobacco, Crook 
(1940) has worked out a technique for the extraction 
of mtrogenoua matenals from leaves Its usefulness 
has now been tested on leaves from other plants, 
although no attempt has been made to apply the 
teohmque to a comprehensive selection of plsmts 
Those used had been brought to the laboratory for 
other studies or were convemently available from 
local sources At the same time it has seemed 
desirable to review and analyze the data wluch ha-v e 
accumulated over the last 6 years on the effect of 
certam factors such as the water and mtrogen con- 
tents of the leaves on the extraction of mtrogenous 
matenals from them 

The hterature relating to mtrogenous matenals of 
leaves and methods of extractmg them has been 
reviewed by V ickery { 1 94 6 ) and m the previous paper 
(Crook, 1940) More recently Wddman & Bonner 
(1947) have descnbed some of the properties of pro- 
teins extracted from green leaves by a method 
diffenng somewhat from that used here 

EXPERIMENTAL 

Leaves Many species were available from the glasshouses 
Pig and all onourbita except marrow, encumber and bryony 
were from the Umversity Botamo Garden, Cambndge The 
temamdet were obtained from plants growing wild or m 
gardens in the viomity of Rothamsted The source is m 
dicated for each species m the tables No attempt was thus 
made to control the manunal treatment, age, etc , of the 
plants, but for certam experiments, advantage was taken of 
leaf tuatenal from fertdizer experiments wnth tobacco, 
potato and wheat in which combmations of N, P and K bad 
been nppbed 

Extraction The general procedure was that outlined by 
Crook (194C) The leaves were mmced m a domestic meat 
mincer, squeezed through madnpoUnm, re mmced and 
washed In certain mstances, e g strawberry and artichoke, 
1 erv little or no sap was obtained after mmcmg The mince 
was then washed three or four tunes with two or three times 
its weight of water The washed fibres were then ground m 
the tnplc roller miU previouslv described (Bawden d- Pine, 
1944) and again extracted with water Ncutrahzation of 
fibre to pH 8 0 with 0 2x NaOH was, in most instances, 
earned out before miUing but it was sometimes convement 
to neutralize after miUmg N and dry matter extracted 
dunng ncutrahzation were included with the miU extract. 
The leaf fibre of most cucurbits and certam other species 

* Now at TJmvcrsity College, London , 


became alkaline on washing (Holden, 1948) and did not 
require neutralization Results for these have been listed 
separately 

Analyses Dry matter determinations were made on 
portions of eitraote by drymg overnight at 96-100° N was 
determmed by a micro Kjeldahl procedure (Crook, 1946) 

RESULTS 

Extraction of nitrogen and dry matter from tartoi/s 
species lu Table 1 are surnTnanzed the data on the 
extraction of nitrogen, and dry matter from 28 species 
distributed among 12 famihes The disproportionate 
number of cucurbits (eight species) was mcluded 
because these plants had been collected to study the 
‘alkalme drift’ phenomenon (Holden, 1948) Sjieciea 
showing this effect are collected together m § (b) of 
the table, § (a) bemg for leaves whose fibre requires 
addition of sodium hydroxide to bnng the pH to 8 0 

As was to be expected, the efSciency of the ex 
traction process varies considerably fOr the different 
species Extraction of mtrogen ranges from 93 % 
with tobacco to 41i % with nettle, and of dry matter 
from 78 % (bryony) to 38 % (horse tad) The differ- 
ences are much more pronounced m mill than in 
mmeer extracts No consistent differences are notice- 
able between the two groups of plants Indeed, § (b) 
of the table contains the two plants showing greatest 
and least extraction of mtrogen after milling (bryony 
and calabash) In general, more mtrogen and dry 
matter are found m mmeer than m mill extracts 
Strawberry, laurel, comfrey and bryony are the only 
species for which this is not true of mtrogen The last 
two of these are also exceptional m hanng more drj 
matter m their null extracts than is obtamed after 
tomemg 

The ratio of mtrogen m the soluble fraction to that 
m the material sedimentable from any extract at 
3000 r p m may \ ary widelj% for the latter may form 
a small proportion of the extract as m fig (81 %) or 
may constitute the major fraction (57 %) as in 
cluysanthemum However, as there were no obvious 
regularities m the ratio and as figures for sediment- 
able material would have compheated the tables 
unduly, only total extractions have been shown 

The amount of sodium hydroxide required to 
neutralize the fibre of leax es quoted m § (a) of Table 1 
vanes considerably, and on this basis the plants can 
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Source (?= glasshouse, G =Cambndgo Botanio Garden, W =wild and garden 
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be divided into tnvo groups Li one nre those species, 
among ivluch is mcluded tobacco, wliose fibre takes 
up moderate amounts of alkah — 30-60 ml 0 2 n- 
NaOH/100 g In the other are those, such as straw 
berry and clirysanthemum, which take up very large 
amounts — 200 ml /lOO g and more Tlie uptake of 
alkah m the former, which is due chiefly to the 
demethylation of pectm by pectase (Holden, 1945), 
proceeds rapidly at first and then more slowly, and 
IS substantially complete m 24 hr In the latter 
group, however, the uptake continues at a steady 
rate for as long as 6 days Further, there is a 
simultaneous darkenmg m colour which does not 
occur with tobacco like species and which suggests 
that oxidation of phenohc substances is concerned 
Relation between nitrogen and itxitcr contents of 
leaves A review of the early data extending over 
the period 26 March 1942 to 26 September 1944 on 
the mtrogen and dry matter contents of 20 batches 
of tobacco leaves showed that there was a hnear 
relation between their mtrogen and water contents 
In Table 2 A are shown the constants for the best 
straight hne through the experimental pomts calcu 
lated by the method of least squares Application of 
Fisher’s ‘ t teat ’ to this data gave a value of t = 8 86 
The ‘ i test ’ measures the probabihty of a random 6et 
of data conforming to a hypothesis by chance, i e the 
probabihty that the data here jiresented should fall 
by chance on the calculated Ime with the present 
degree of exactitude The value of < here obtained 
mdicates that there is less than 1 chance m 10* that 
this 18 a random result Subsequent data for tobacco 
&om three manurial experiments (February and 
March 1946) treated with all combmations of N, P 
and K did not give results of such high significance. 


t bemg reduced from 8 86 to 2 62 No explanation 
for tlus difference can be given, but it should be 
noted that, throughout the early experiments, 
monunal treatment had been ‘ normal ’, whereas the 
later batches mcluded many plants deficient m N 
or P This did not appear to affect the other corre 
lations noted below Twenty batches ofpotato leaves 
from manunal experiments showed no relation be 
tween the nitrogen and water contents However, 
when aU species were considered together, a sigmfl- 
cant relation was agam obtamed, t bemg such that 
the probabihty of a chance result of tins type was 
less than 0 001 

Effect of water and nitrogen content of the leaves on 
the extraction Early experiments with tobacco sug 
gested that more mtrogen was extracted from the 
wetter leaves This was subsequently confirmed and 
was also found to hold for aU species (Table 2B) 

The factor of most significance for the extraction 
of mtrogenous materials was the mitial mtrogen 
content of the leaves No difference was detectable 
between the earher and more recent data for tobacco, 
and the high positive correlation between mtrogen 
content and mtrogen extraction also held for aU 
species together The correlation was as good for 
extraction by mmcmg alone as for those by the whole 
procedure 

It has been found most convementto express both 
extracted mtrogen and total mtrogen as a percentage 
of the total dry matter of the leaf On this basis, 
Fig 1 has been plotted from the combmed data for 
the tobacco expenments referred to above and is 
mcluded as an mdication of the exactness of these 
relations The hues shown are those calculated by 
the method of least squares 


Table 2 Constants of the regression lines of the form y = a + bx expressing the relations between 
extraction of nitrogenous materials from leaves and their nitrogen and water contents 


\ 

I^Iatenal or fraction 

No of 
exp 

a 


A y= total N (as % dry matter) 
x=g water/g d^ matter 

Early data for tobacco 

20 

1 39 


Later data for tobacco 

24 

-1 07 


Data for all species 

31 

2 33 


B !/= extractable N (as % dry matter) 
x=g water/g dry matter 

Tobacco — ^totM extraction 24 - 1 78 

All species — total extraction 30 1 20 

C y= extractable N (as % dry matter) 
x=total N (as ^ dry matter) 

Tobacco Mmcer extraction 24 -0 28 

Total extraction - 36 -0 34 

All species Mmoer extraction 22 - 0 45 

Total extraction 31 - 1 14 


b 


Value 

Standard error 

t* 

010 

±0 02 

8 80 

0 57 

±0 22 

2 62 

024 

±0 06 

3 92 


060 

±0 20 

2 94 

0 28 

±0 07 

3 03 


0 69 

±0 04 

16 Z 

0 05 

±0 04 

21 7 

0 62 

±0 08 

76 

1 06 

±010 

101 


the ^ “"“ter expenments can be obtained the probabihty of 

valnes °'l ‘te calculated straight line by chance For the number of expenments shown h^. 


I 
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In. Table 2 G are collected the expressions relating 
extractable to total nitrogen, both for the tobacco 
data included in Fig 1 and for aU species bated in 
Table 1 together As can be seen, aU are highly 
significant, the values of t bemg such that the 
probabfiity of obtaining any one by chance is much 
less than 1 m 10® 



Fig 1 The relationship between total and extraotahle 

mtrogen m tobacco leaves • • extraction after 

TTLiTicmg, O O extraction after mincmg and milling 

DISCUSSION 

There are mterestmg differences m the ease of 
handhng of various species of plants and m the 
character of the products Few regularities of 
behaviour are observed among related famihes or 
even among the members of a single family In 
general the wetter and less fibrous loaves are more 
easily worked although there are important ex 
ceptions, eg fig and bryony We have also en- 
countered certam unexplamed differences withm a 
single species, e g EcbaUwm is given among those 
plants requirmg neutralization Later samples of 
this species, however, showed an alkahne drift like 
other members of the same family 

As a rule, milling is not difficult with any species, 
provided the fibre is brought to a suitable moisture 
content The leaves of some trees are exceptions to 
this, e g those of beech and horse chestnut are not 
only difficult to mmce and give httle or no sap on 
squeezmg, but the fibre is so tough and strmgy that 
it will not pass through the triple roller mill Other 
plants, such as Ttlta, contam substances that render 
their manipulation difficult This species gives no 
sap, and, after the addition of water, becomes so 
slimy and viscous that it is impossible to squeeze 
extract through the cloths used 

The mmcer extracts of several species, e g beech, 
dock and strawberry (var Royal Sovereign), appear 


1948 

to bo free from protein, 1 e give no precipitate with 
trichloroacetic acid Bawden & Kleczkowski (1946) 
have observed the same phenomenon with this 
vanety of strawberry and ascribed it to precipitation 
of protem by the large amounts of tanmns m the 
extract The difference m behaviour of even closely 
related plants is illustrated by a comparison of the 
two strawberry varieties Although the amount 
of soluble mtrogen m mmcer extracts of each is very 
similar, 63% isprecipitable from Mayo extracts with 
tncliloroacetic acid 

Prom the slope and position of the regression hnes 
of Fig 1 and Table 2C, several conclusions can be 
drawn It can be calculated that the average total 
extraction of mtrogen was 86% from tobacco and 
75% from all species The figure for tobacco is lower 
than that reported by Crook (1946), but this was 
based on a procedure mvolvmg millin g the fibre two 
or three tunes In addition, the average mtrogen 
content of the leaves on that occasion was rather 
lugher Both these factors would tend to mcrease the 
extraction 

These regressions also make it possible to predict 
approximately, on the basis of the mtrogen content 
of the ongmal leaf, the extraction likely to be 
reached, not only for tobacco, but for any species 
listed m Table 1 Thus, it can be calculated that, on 
the average, 78% of the mtrogen can be extracted 
from a tobacco leaf, 2% of whose dry matter is 
mtrogen, whereas the extraction rises to 90% for 
leaves with 6 % mtrogen The differences are greater 
when the data for aU species are considered, the 
mcrease bemg from 48 % extraction with leaves con- 
taming 2 % mtrogen to 86 % with those contammg 
6% mtrogen 

The hnes are similar m slope and position both for 
the extensive data for a smgle species (tobacco) and 
for a random sample of plants of various species 
taken without regard to age, season, manurial treat 
ment or botamcal relationship This perhaps sug- 
gests that the observed values are umversally 
apphcable and that, if separate regression hnes were 
available for each species, they would aU be very 
sundar to that of tobacco 

When extrapolated back, the hnes of Table 2 0 
do not pass through the ongm, but through pomts 
on the total mtrogen axis This can be regarded as 
unplymg that, provided the equation still holds, 
leaves of this smaU mtrogen content would show zero 
extraction, or, what amounts to the same thmg, it 
can be regarded as an illustration of the experimental 
fact that the last traces of mtrogen are extremely 
difficult to remove from fibre As the slopes of the 
hnes for total extraction do not differ significantly 
from unity, aU the mtrogen over and above this 
limiting quantity is bemg extracted whatever the 
mitial mtrogen content of the leaf If the residue 
could be regarded as ‘structural’ and unaltered by 



Vol 43 NITROGENOUS MATERIALS FROM LEAVES 186 


grinding and extraction, tbe picture ■would be simple 
— all nitrogen other than tlus would be extracted 
Howe\er, the work of Bawden & Pine (1944) and 
Crook (1940) suggests that the unextractable residue 
represents a cross section of the nitrogenous material 
present m the cells fixed there by the extraction 
process itself The plant cell contains a complex 
mixture of protems of ■varymg solubUity and m 
■vanous states of dispersion These might be expected 
to be extracted at different rates and to different 
degrees of completeness It is surprising therefore 
that extraction from all species of plants should 
proceed m such a manner that the residue is repre- 
sentative of all protems and j'et at the same tune, 
the degree of extraction is so accurately expressed 
by a hnear regression 


SUMMARY 

1 The extraction of mtrogenous materials from 
the leaves of various plant species has been m- 
vestigated by a procedure premously worked out 

2 The extraction varied from 41 J to 93 J % of the 
total leaf mtrogen, the average for all species bemg 

76 % 

3 The extractipn was mamly influenced by the 
mtrogen content of the leaves, mcreasmg mth 
mcreasmg mtrogen content 

4 The extraction was also influenced by the dry- 
matter content, as the wetter leaves have a higher 
mtrogen content 

The authors wish -to thank the Agnoultural Eesearoh 
Counoil for personal grants 
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A Manometnc Method for the Estimation of Milligram Quantities 

of Uromc Acids 

By M V TRACEY, Botliamsted Experimental Station, Harpenden, Herts 
(Becetved 8 December 1947) 


The most -widely apphcahle method for the estima- 
tion of uromo acids is that based on the demon 
stration by Mann (1894) and Mann & ToUens (1896), 
that uromo acids are decomposed by heating with 
12% (w/w) HCl gi-ving a 26 % yield of CO, (calcu 
lated to the anhydride) The method was further 
explored by Leffevre (1907) and Left-vre & ToUens 
(1907) 

In the latter method, the sample was boiled mth 12% 
HCl under reflux for 3 6 hr , and a stream of CO, free air 
passed through the apparatus After ivBahmg and drying, 
the CO, earned from the flask ivas absorbed m a tube con 
tammg KOH The CO, evbh ed was estimated by the mcrease 
m weight of the absorption tube In subsequent years, many 
modifications of the onginal method were mtroduced, 
mainly concerned -with alterations m the time of decom 
position sometimes extended to 6 hr and even to 8-10 hr 
(Ehrhoh A Schubert, 1929), and m the methods employed 
for washmg, trappmg and estimation of the CO, Banum 
hydroxide became a favoured absorption agent, and titn 
metno methods were snbstituted for gravimetno (cf, for 
example, Dickson, Otterson A Link, 1930) More recently, 
attention has been directed to the use of stronger acid to 


shorten the time needed for decomposition (Cohn A Lemoyne, 
10386, 18% HCl, MoCready, Swenson & Maolay, 1946, 
10 % HCl), and to measurement of rates of CO, evolution m 
order to estimate traces of uromo acid derivatives m the 
presence of polysacohandes (Norman, 1939, Whistler, 
Martm A Hams, 1940) 

The most radical departure m the determmation of uromo 
acids by means of the CO, evolved on decomposition is that 
of Voss A Pfirsohke (1937), who used an approximately 
20m solution of ZnCl, at its b p of 146-147° instead of HCl 
All these methods have m common the disadvantage of a 
complex apparatns and a long decomposition time, usually 
6-8 hr 

The method to be described is based on the de 
composition of not more than 60 mg of the sample 
with 0 26 ml of 12% HCl m a sealed tube at 111° 
The CO. evolved is then measured by a modification 
of the method of Van Slyke & Folch (1940) for 
manometnc carbon determmation The present 
method has the advantage that samples do not need 
attention during decomposition, and that, as a con- 
sequence, determmations may be made at the rate 
of 4/hr for long penods 
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METHOD 

Preparation of tubes Soda glass tubing, 7 mm external 
diameter, 6 mm mtemal diameter, is cut into lengths of 
8-10 cm and cleaned by immersion in cleamng mixture for 
3 hr The tubes are washed, rinsed m distilled water, dried, 
and a bulb of diameter c 16 mm blown on the end of each 
If carbonate 00, measurements are to be made, the side 
wall of the tube above the bulb is softened in the flame and 
a pocket of capacity about 0 5 ml is blown The tubes are 
numbered with a commercial black glass marking ink, dried 
m the oven, and stored m a desiccator Bulbs prepared m 
this way have a volume of about 1 ml , and a total volume 
of about 2 ml after seahng, 60-80 bulbs can be blown/hr 

Weighing of sample The sample should not exceed 60 mg 
in weight It must be deposited m the bulb with no con 
tammation of the walls of the tube, otherwise ohamng 
will occur on sealing the tube, and extraneous COj will be 
formed A convement spatula for the mtroduction of sohds 
mto the bulb may be made by sealing a V section piece of 
‘seahng m metaP (obtained from an old radio valve) mto 
a piece of glass tubmg that is a shdmg fit m the sample tube 
If the tubmg from which the spatula handle is made fits 
well, it IS almost impossible to deposit material on the walls 
of the bulb tnbe if the metal portion is not overloaded The 
spatula IS mtroduced holdmg the tube and spatula hon 
zontal and, when the metal scoop is inside the bulb, it is 
rotated through 180°, thus depositmg the sample, tutned to 
its ongmal position and withdrawn Liqmds are mtroduced 
by a capdlaiy pipette Samples for analysis must be dry 
Up to 1 ml of solutions may be dried o£F m a weighed bulb 
and then reweighed 

Addition of acid HCl (12% w/w) is used A pipette is 
made from the tubmg used for the spatula handle The 
drawn out tip of the pipette is bent at an angle of 46° from 
the axis of the pipette, and ground so that it just clears the 
wall of the tube when the pipette is inserted to the neck of 
the bulb This ensures complete dehvery and drammg of the 
pipette mto the bulb with no loss of acid m the upper parts 
of the tnbe The pipette is fitted with a rubber teat and may 
convemently be graduated to dehver four portions of 0 26 ml 
If carbonate determmations are bemg made, the acid is 
dehvered mto the side pocket instead of mto the bulb 

Decomposition of sample After the addition of the acid, 
the tube is sealed off by drawmg out m the flame, takmg 
care that a narrow prolongation of at least 2 cm is secured 
In seahng, ‘carbonate’ tubes must be held horizontal m 
order to avoid contact between acid and sample The sealed 
tubes are secured vertically m a rack, which is immersed m 
bodmg toluene for 6 hr The toluene may be boiled m the 
bottom of a tall beaker, mto the npper half of which a 
condenser made firom a loose fittmg tm cannister is inserted 
Such an arrangement permits the toluene to be boded 
vigorously for long periods without loss After 6 hr , the rack 
and tubes are removed fiom the beaker and cooled m water 
Twenty flve samples can be weighed mto tubes, the acid 
added, and the tubes sealed ready for decomposition m 
1 hr 

Estimation of liberated COj A sealed tube is inserted as far 
as the bulb into one end of a piece of pressure tubmg c 8 cm 
long The other end is attached to the bent tube leadmg 
from the gas chamber of the Van Slyke Nedl manometno 
apparatus The pressure tubmg is exhausted twice by 
lowermg the mercury and expelling the air in the usual w4y 


The second exhaustion serves to verify that there is no leak 
m the pressure tubing connexion Two ml of 0 6i< NaOH 
are mtroduced mto the chamber, the mercury lowered to 
about half way down the largo bulb, and the tap turned to 
connect the bulb to the chamber The sealed tip of the bulh 
18 then broken by bending the pressure tubing The sub 
sequent course of the analysis is substantially that described 
by Van Slyke A Folch (1940) Ten excursions of the mercury 
are sufficient for transfer of the COj, the process bemg 
assisted by tapping the bulb durmg exhaustion, causmg the 
hqmd to coat the walls of the bulb, and warnung the bulb m 
the hand durmg the mercury upstroke 
Estimation of carbonate CO, Samples that contam car 
bonate are analyzed m the carbonate tubes described above 
Two tubes are used for each analysis In each the HCl is kept 
from the sample till after seahng, when it is brought mto 
contact with it by bnngmg to the verticaL One tube is 
placed m an mcubator at 40° for 6 hr and the other m the 
toluene bath The percentage carbonate CO, obtamed by the 
analysis of the first tube is subtracted frnm that found for the 
second to obtain the nromc CO, value 

RESULTS 

Seven samples of galacturomc acid varying m weight 
from 4 to 12 mg gave a CO, value of 22 33%, 
SD 1 00% (theoretical yield, 22 79%) Smce the 
samples were weighed bn a balance readmg onlj’' to 
0 1 mg , these figures show that results are repro- 
ducible Some fifty compounds have been exammed 
for possible mterference Tlie results obtamed are 
listed m Table 1 



Fig 1 Vanation of CO, yield with time of heatmg, 
oitms peotm 


Time of decomposition From Fig 1, which shows 
the course of CO, evolution m the decomposition of 
a sample of citrus pectm, it is seen that a period of 
6 hr appears ample for decomposition, and that the 
contmued CO, evolution after 6 hr , due possibly to 
the decomposition of sugar impurities m the pectin 
and to the further decomposition of the uromo 
material, is steady, and m very accurate work can 
be allowed for (Norman, 1939, Whistler et al 1940) 
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Table 1 The COj yield of substances tested for interference 
COj yield (mg CO,/100 mg dry substance) 


Substance tested 
yields >2% 


Present paper 


Other values 


Allan tom 

cf Fig 2 

— 

Allovan 

8 9, 9 8 



p Ammobenzoio acid 

cf Fig 2 

— 

Ascorbic acid 

17 1, 18 7 

— 

Hyposanthme 

10 3 

■ 

Pyruvic acid 

47 

6 4(2) 

Urea 

27 4, 26 6 

* — 

Yields >1% 

Adenybo acid 

1 8, 1 9 

104a) 

Agar 

12 

Tannic acid 

1 1 

— 

Tomato bushy stunt virus* 

1 1 

— 

Yields <1% 

Acetic acid 

— 

Trace (<0 08)(2) 

Amylose (potato) 

0 66 

— 

Arabmose 

06 

0 47(8), 6 0 7(11) 

Asparagme 

<0 1 

0(0, 7) 

laoBarbituno acid 

0 16 

— 

Caffeine 

<0 1 

— 

Cellulose 

03 

0 45(7), 0 17(8), 0 16(9) 

Cholesterol 

<01 

— 

Citnc acid 

02 

0(6,7) 

Creatmine 

03 

— 

Diethylbarbitunc acid 

02 

' — 

Egg albumm 

<01 

0(0,7) 

EUagio acid 

— 

0 12(12) 

Erythntol 

<0 1 

— 

Pomiio acid 

— 

Trace (<0 08)(2) 

Fructose 

— 

0 65(8), 0 80a), 0 69(9) 

Fucose 

0 76 

— 

Fumano acid 

<0 1 

— 

Galactose 

05 

— 

GaUio acid 

— 

0(7) 

Gelatm 

— 

c 0 26(11) 

Glucono y lactone 

— 

c 0 26(U) 

Glucosamme 

<0 1 

— 

Glucose 

07 

0 18(4), 0 73(6,7), 0 40(8), 0 19(9), 0 26(10), 
c 0 26(11) 

Glutanc acid 

<0 1 

— 


Gluten (wheat) 0 26 

Glycenc acid — 

Glycogen 0 7 

Glycolbo acid — 

GlyOTvbo acid - — 

p Hydroxybenzoio acid 
Inositol 
Innlm 
Lactic acid 
Laevulmic acid 
Maleic acid 
Malic acid 
Slaltose 
Slanmtol 
Mannose 
Jlebbiose 
Melizitose 

2 3 6 Tnmethylglucose 
Mncio acid 
Nicotme 
Nicotinic acid 
Nucleic acid (yeast) 0 76, 0 95 

Ovoho acid — 

Peptone — 

Phenobc acids fiiom redwood bark — 

Phenylethylbarbitunc acid <0 1 


0 ,( 2 ) 

0 ( 2 ) 

0 ( 2 ) 


— 

0 63(12) 

<01 

— 

0 86 

0 60(8), 

— 

0 08(2) 

02 

— 

<01 

— 

03 

c 0 2601) 

— 

0 40(8) 

— 

0(8) 

— 

0 66(8) 

07 



07 



— 

0 20(8) 

03 



<01 



<01 




0 42(2), 0 8(3), 2(6, 7), c 0 25(U) 
0 4(7), 0 6(6) 

0 68 ( 12 ) 
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Table 1 {cont ) 


CD. yield (mg COj/100 mg dry substance) 

r- ' . 

Present paper Other values 


Substance tested 
Yields <1% {cont ) 

Rhamnose 
Ribose 
Sahcylio aOid 
Serme 
Starch 
Potato 

Tobacco (pptd by ethanol) 

Tobacco (pptd. by freezmg) 

Potato 

Rice 

Wheat 

Horse chestnut 

Potato 

Potato 


Commercial soluble 0 05 

Sucrose — 

Tannin (Mimosa) 0 5 

Tanmn (Quebracho) 0 3 

Tartanc acid — 

Tauroglycolhc acid <0 1 

Theobromine <0 1 

Theophylhne <0 1 

Thymme <0-1 

Tobacco mosaic nrus 0 35 

Trehalose 0 5 

Uracil <01 

Uno acid <0 1 

Xylose 0 6 


0 90(8) 
0 60(12) 


0 20(5) 

0 67 (5) 

0 38(5) 

0 30(8) 

0 45(8) 

0 40(8) 

0 60(8) 

0 20(9) 
c 0 25(U) 

0 76(7), 0 78(0), 0 52(8), 0 24(9), c 0 25(U) 


(0,7) 


0 40(8) 


06 

<01 


(1) Nanji, Paton L Lang (1926) 

(2) Norman & Martm (1930) 

(3) Link (1931) 

(4) Anderson (1931) 

(5) Spoehr A Milner (1936) 

(6) Cohn & Lemoyne (1938 o) 


(7) Cohn A Lemoyne (19386) 

(8) Campbell, Hirst A Young (1938) 

(9) Norman (1939) 

(10) Whistler, Martm A Hams (1940) 

(11) McCready, Swenson A Maolay (1946) 

(12) Fuller, Bartholomew A Norman (1947) 


* Higher value than for tobacco mosaic virus, probably due to carbohydrate contammant (Bawden A Pine, 1938) 


InterJ&nng substances It has been known for 
some tune that substances other than uromc acids 
or their derivatives evolve small amounts of CO* 
under the conditions used in the determination of 
uromc acids One of the earhest statements is that 
of Dickson etal (1930), who found that the COj yield 
of various plant acids, sugars, sugar acids, and 
polysaccharides ‘is very smaU’ Smce then, many 
substances have been tested and the majority hav e 
been found to give COj yields neghgible for practical 
purposes (Table 1) A number of substances not 
previously tested has been found to mterfere 
seriously, however Some of the previous work has 
been repeated m order to estimate the magmtude of 
the effects usmg the procedure described above, and 
' it wiU be seen from Table 1 that these effects are of a 
similar order of magmtude to those found m earher 
methods In addition, other substances have been 
tested that may be encountered m the analysis of 
plant material Some were found to giv e consider- 
able CO. yields imder the conditions used Sub 
stances found to give a COj yield over 2% of them 
weight were p-ammobenzoic acid (IVeith, 1879), 


ascorbic acid, allantom, aUoxan, liyposanthme, 
pyrunc acid (Norman & Martm, 1930), and urea 


A B 



Fig 2 Venation of CO, yield with weight of sample, 
A,j} ammobenzoic aoid, B, allantom 

When present m material analyzed by the method 
described, them CO, yield may vary with the amount 
present Two examples are given m Fig 2 If it is 
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suspected that any of these substances are present 
it IS ivell to include controls mth the amount of 
interfenng substance eqmvalent to that m the 
sample Figures for the percentage of COj given by i 
these substances are mcluded m Table 1 

Smce the COj yield of p ammobenzoic acid and 
-aUantom varied ivith the amount usedim anal 3 ^i 8 , 
it was of mterest to determme whether a similar 
phenomenon was likely to occur with uromo 
groupmgs A senes of rune detemnnations was made 
on varymg weights of the same pectm sample The 
average COj yield for five samples (wt 1 3-9 3 mg ) 
was 124%, SD 10%, while that for four samples 
(wt 13 1-18 2mg )wasl2 0%,ej> 0 1% Vanation 
m weight of sample used for analysis does not there 
fore seem to affect the value obtamed matenally 

DISCUSSION 

The accuracy of the method is perhaps not as high 
as some of the previous methods, but it is well 
adapted to the routme analysis of small quantities 
of material It has been successfully used m tins 
Station for the routme analysis of samples of plant 
fibre The method is not weU smted to the study of 
rates of COj evolution earned out by Norman and 


others (Fuller, Bartholomew & Norman, 1947), m 
order to distinguish between different polyuromdes , 
but these methods have recently been shown not to 
yield as clear cut results as had been hoped (Fuller, 
1947) That a number of substances present m plant, 
animal, or sod matenal may mterfere to a marked 
e'rtent is of importance, smce it has often been 
assumed that such mterference is unlikely to occur 
The mterfenng substances may assume greater 
quantitative importance m matenal that has been 
fractionated, they might, m fact, be concentrated or 
mtroduced durmg the preparation of fractions 

SUMMARY 

1 A rapid method for the analysis of small 
quantities of matenals contammg uromo acids or 
uromdes is desenbed 

2 The apphcabihty of the method has been 
gauged by studymg the mterference by a number of 
substances, and results compared with those of 
previous workers 

3 It has been shown that a number of these sub 
stances may mterfere senously with the estimation 
by the present modification of the Lefrvre & ToUens 
method 
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The Preparation of Sodium Phosphocreatine 

By A H ENHOR* and L A STOCKIEN, Department of Biochemistry, University of Oxford 

{Received l3 December 1947) 


For an in mtro study of the metabohe role of high- 
energy phosphate compoundB it is obviously con- 
venient to employ readily soluble sodium salts This 
is especially true where the substance has been 
isolated as the calcium or barium salt and an excess 
of the amon or oxalate or sulphate is undesirable 
In the case of phosphocreatme there is a further 
comphcation smee, if the bamun salt is used, the 
precipitation of the banum sulphate results m a loss 
by adsorption of at least 10 % m solutions contauung 
about 5 mg /ml 

The method usually employed for the synthesis of 
phosphocreatme is that given by Zede & Fawaz 
(1938), but, as these authors pomt out, many tunes 
repeated fractional precipitation is necessarj'' m 
order to obtam the calcium salt free from chloride 
We sought therefore an alternative process for the 
isolation of pure phosphocreatme simpler than that 
ongmally devised by Fiske & Subbarow (1929) and 
followed m prmciple by Zede & Fawaz (1938) 

Our method depends on the high solubdity of 
sodium phosphocreatme m water, on the msolubdity 
of banum phosphocreatme m 80 % (v/v) ethanol- 


oxj'chlonde (60 ml ) and sodium hydroxide (IOn) 
(400 ml ) were added to the vigorously stirred solu- 
tion of sodium creatmate o\ er a period of 2 hr at 
0-6° The product was stirred for 16 miu after the 
last addition and then filtered The sodium phosphate 
was washed by sturmg witli successive amounts of 
ice cold water (200 and 100 ml ), a tlurd extract 
contamed less than 100 mg of phosphocreatme and 
was discarded Tlie combmed washmgs and filtrate 
were adjusted to pH 7 6 with hydrochlonc acid (6 n) 
and 3 vol of ethanol (4060 ml ) were added The 
precipitated salt contamed less than 200 mg of 
phosphocreatme and was rejected Tlie concen 
tration of ethanol m the filtrate was tlien mcreased 
to 80 % (v/\ ) , this resulted m the precipitation of 
36 g of sodium chloride contauung an appreciable 
amount of phosphocreatme The addition of 1 % 
(w/v) barium chlonde m 80 % (v/v) ethanol to the 
filtrate precipitated barium phogihate and banum 
phosphocreatme The precipitate was separated by 
centnfugation, washed with ethanol and ether and 
then dned (ppt 1) The phosphocreatme m the salt 
was recovered accordmg to the followmg scheme 


Ppt extracted twice with 26 ml water 


Residue (rejected, contained 30 mg Solution Aqueous BaClj 

phosphocreatme) added, adjusted to pH 9 6 


Ba,(P04)t 

Washed with 30 ml water 


Ppt (rejected, contamed 50 mg Solution Solution 

phosphocreatme) ' r ' 

Adjusted to pH 7 6, 

4 vol ethanol added 


Banum salts Washed with ethanol 
and ether, then dned (ppt 2) 


Solution 

(rejected) 


water, and on the fact that sodium and banum 
chlondes have a solubihty of about 1 % m tins 
mixture 

EXPBREMENTAL 

* 

Creatme hydrate (20 g ) was tnturated with 60 ml of 
IOn sodium hydroxide, 640 ml water added and the 
insoluble residue removed by filtration Phosphorus 

* Holdmg a Research Fellowship from the Wellcome 
Trustees 


The combmed banum salts (ppts 1 and 2) were 
extracted three tunes with 26 ml of water adjusted 
to pH 9 6 by addition of 0 In sodium hydroxide 
The residue was suspended m 26 ml of water and 
sufficient hydrochloric acid (n) added at 0° to effect 
solution Sodium hydroxide (n) was immediately 
added to bnng the pH to 9 6, and the precipitate of 
banum phosphate was removed by centnfugation 
and discarded The sujiematant solution was com- 
bmed with the origmal washmgs and banum pre 



191 


Vol 43 - PBEPABATION OP SODIUM PHOSPHOCREATINB 


eipitated by the additioa of 10% (w/v) sodium 
sulphate at pH 7 4 Two washmgs of the barium 
sulphate were sufficient to remove most of the 
adsorbed phosphocreatme , thetlurd extract juelded 
only 22 mg of phosphocreatme and was therefore 
rejected The combmed washings and mother hquor 
now amounted to 220 ml Ethanol (880 ml ) was 
added and the mixture allowed to stand at room 
temperature (21°)p)r 12 hr to ensure crystallization 
The sodium phosphocreatme separates mitially m 
the form of a suspension of very fine oily droplets, 
and it is advisable to allow the product to stand 
undisturbed for a considerable tune m order to 
obtam complete crystaUization MTien tins has oc 
ourred the mother hquor is perfectly clear and the 
phosphocreatme re mainin g m solution is recovered 
as the barium salt by the addition of 200 ml of 1 % 
(w/v) barium chloride m 80 % (v/v) ethanol water 
Tlie first two preparations we carried out gave a 
product which crystallized m needles and corre 
spondedto atetrahydrate, but subsequently we have 
obtamed only the hexahydrate which crystallizes m 
SIX sided platelets The yield of the sodium salt is 
consistently 3—4 g and of the banum salt shghtly 


over 1 g Tlie combmed yield of sodium and banum 
salts IS roughly eqmvalent to the yield of calcium 
salt reported by Lebrunger (1946) We have not 
achieved the 30% yield claimed by Zede & Fawaz 
(1938) The two hydrates of sodium phosphocreatme 
were completely free from contammation by sodium 
chlonde and morgamc phosphate 

Sodium phosphocreatme telrahydraie Tovmd G, 14 0,* 
H, 6 4,* N, 12 6, P, 9 7, ash (Na^PjO,) 40 4,* oreatme 38 6, 
loss on drying at 70° in vacuo 19 2 CjHjOjNjPNa, 411,0 
reqvures C, 14 6, H, 4 9, N, 12 8, P, 10 0, ash, 40 6, oreatme 
39 9, H,0, 22 0% 

Sodtum phosphocreatinc hexahydrate Pound C, 13 9 ,* H, 
6 4,* N, 11 4, P, 8 4, ash, 36 7,* oreatme 35 3, H,0, 27 8 
C 4 H, 05 N,PNa, 6H,0 requires C, 13 2, H, 6 6, N, 116, 
P, 8 6, ash, 36 6, oreatme 36 0, H,0, 29 7% 

SUMMARY 

A method is desenbed for the preparation of pure 
sodium phosphocreatme 

* Analyses by Hr F Hall, Dyson Perrms Laboratory, 
Oxford 

We wish to express our thanks to Messrs E Facer and 
8 Moorbath for skiUed teohnioal assistance 
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The Isolation of Goproporphynn III from Corynebacterium diphtheriae 
I Culture Filtrates 


By C H gray, Biochemical Department, King's College Hospital, London, S E 5 
ajvd L B HOLT, Wnght Fleming Institute for hitcrobiology, St Mary's Hospital, London, TF 2 

{Received 19 December 1947) 


It has been recognized that toxic filtrates of Coryne 
bacterium diphtheriae cultures contam a red pigment, 
and m the routme production of diphthena prophy- 
lactic from such filtrates usmg the alum precipitate 
method the final preparation is always coloured pink, 
unless prehmmary steps are taken to remove the 
pigment Charcoal has frequently been used as a 
deoolonzmg agent, but with culture filtrates from 
the modification of Mueller’s (1939) hydrolyzed 
casern meciium, used at the Wnght Fle ming Institute 
for Microbiology for the routme production of 
diphtheria toxm, the use of charcoal leads to an 
excessive loss of antigen Attempts were therefore 
made to find agents capable of removmg the red 
pigment without senous loss of antigen A large 


number of the more commonly used adsorbents were 
tested -without succesq, but eventually it was found 
by one of us (L B H ) that alummium benzoate at 
pH 6 0 and magnesium hydroxide at pH 9 0 were 
promismg Of these, the latter was found to be more 
selective, and m general possessed other properties 
more smted to the preparation of diphthena pro- 
phylactic The red pigment thus adsorbed on to the 
magnesium hydroxide proved to be porphynn m 
nature, and -was readily purified from the magnesium 
hydroxide precipitate 

The presence of a porphynn m toxic filtrates of C 
diphtheriae cultures was first reported by Campbell 
Smith (1930), and confirmed by Coulter & Stone 
(1931) who demonstrated the quantitative relation 
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between porphj'nn and toxin production Most 
workers (Dh^rd, Gluckemann & Rnpetti, 1933, 
Wadsworth, Crowe & Smith, 1936, Pappenlieimer & 
Jolinson, 1937) assumed that the porphyrm was a 
coproporphjTm, and Jakob (1939) claimed, mtliout 
givmg details, to have isolated coproporplnTm HI 
from G diphthenac as woU as from other organisms 
Howe^-^er, m further work by Pappenlieimer (1947) 
it was assumed that the diplithenal porplm-m was 
haematoporphyrm It therefore appeared necessarj’- 
to establish its identity on more certam groimds 

The diphtheria porphjTin has proved to bo a 
mixture of at least three porphjTinB, but 98-99% 
consists of coproporphjTjn III, the remamder bemg 
uroporphjTm I and a hitherto undescribcd por- 
phynn 

EXPERDIENTAL 

The lability of the crude toxm makes it preferable, 
•a hen prepanng the porphjTm ns a bj product m 
the large scale production of diphtheria prophy- 
lactic, to perform the magnesium hydroxide pro 
cipitation after conversion of the toxm to toxoid 

Prtparaiion of (he (ozotd The Park WiILanis no 8 strain 
of C dtphthenae was grown on the casein Ljdroljsnto 
medium descnbed by Sluellcr (1939), except that the con 
centration of nitrogen was reduced to 0 13 g /lOO ml (Holt, 
1948) After 7 days’ growth, the micro organisms were 
filtered off and the toxm contaming supernatant Lquid 
treated with 0 4 % by volnme of 40 % formaldehyde solution 
After standing at room temperature for 2 daj s, the reaction 
was adjusted to pH 7 6 with 10 x NaOH and the solution 
incubated at 32° for a further 28 daj s The resulting crude 
toxoid solution was further treated as follows 

Preparation of magnesium hydroxide gel 250 g (approx. 
Ig moLlMgSOi 7H.Oweredissolvcdm6Lof CO5 freewater, 
and to the resultmg solution carbonate free 0 5x NaOH 
(approx 4 1) was added with continuous stimng until the 
pH was 10 After standmg 7-10 days the clear supernatant 
hqmd was decanted from the sedimented gel, the volnme of 
winch was now about 2 61 (1 e the gel was approx 0 4m) 

Separation of the porphyrin 0 4m Mg(OH)j gel (661) was 
added with Stimng to 130 1 of the crude formol toxoid 
solution, the pH of which had been adjusted to 8 4 by the 
addition of about 500 ml 65 NH, solution Spectrophoto 
metric measurement of the ongmal crude toxoid solution 
showed a content of 6 8 mg porphyrm/1 (eqmvalent to a 
total of 765 mg ) After standmg 1 hr , the5Ig(OH)j,nowred 
m colour, lyas separated from the supernatant, which con 
tamed less than 0 1 mg porphynn/l , and which was sub 
sequently employed for the preparation of diphtheria pro 
phylactic 

Purification of the porphyrm and preparation of its ester 
The red precipitate was suspended m 4 1 of distilled water, 
and dissolved by the addition of about 600 ml of 10 % (w/v) 
acetic acid, and the pH adjusted to less than 1 hy the 
addition, of 600 ml lOs-HCl After stimng for 10 nun the 
mixture was centnfuged, the purple red supernatant hqmd 
separated and the residue agam extracted by standmg over 
night with 1 L of K HCl The residual precipitate (now dirty- 
grey m colour) was centnfuged off, and the supernatant 
hqmd added to that obtamed by the first acid extraction 


The united portions (01 ) n ert then adjusted to pH 3 3, first 
bj the addition of 60% (u /i ) NaOH and finally with 30% 
(w/v ) sodium acetate solution Tho porphyrm separated as 
a brown flocculent precipitate, and after standmg overnight 
the mixture nas centnfuged The supernatant hqmd con 
tamed 0 376 mg /I of porphjTin Tho precipitate was dis 
solved in 4 1 0 6^-HCI, and after standmg 24 hr the small 
brown residue was filtered off and nnsed with a small volume 
of 0 6x HCI The porphynn was then reprocipitated at 
pH 3 3-3 4 as before In nil, the porphjTin was precipitated 
in this u nj four times at its laocleotnc point Pmallj , after 
washing with a little 2% (w/v) acetic acid, tho precipitate 
was dried in vacuo Tho dned porphynn was dissolved m 
150 ml methanol prcvnonslj saturated vnth dry hydrogen 
chlondc After standing ov cmight, the deep red solution 
80 obtained was poured into 2 1 of ice water m a large 
separating funnel, and rcjieatedlj extracted with 160 ml 
portions of chloroform until the aqueous phase was colour 
less The chloroform solution (1200 ml) vras successively 
washed twice with 1 1 quantities of water, once with 1 1 
dilute ammonia, and a further three times vnth 1 1 quan 
titles of water After filtration through a chloroform 
moistened paper, the chloroform was evaporated off leavrmg 
the crude ester (578 mg ) 

Chromatographic purification of the crude ester The crude 
ester was dissolved m 200 ml benzene, and poured on to a 
column of CaCOj (4 x 34 cm ), and the chromatogram was 
developed vnth benzene The main porphynn fixictionwas 
adsorbed vorj weakly and renddy passed mto the eluate, 
leaving a brown zone and a second red porphyrm zone at the 
top of the column On washing the column vnth chloroform 
in benzene (1 10 v /v), this second porphyrm zone spht mto 
two zones, one of which remained high m the column while 
the other moved fairly rapidly into the eluate The remaming 
porphyrm zone and the brown zone could not be made to 
pass down the column even with pure chloroform The 
adsorbent was allowed to diy, and on extrusion the third 
porphynn zone was elated vnth large quantities of ohloro 
form contammg 1 % (v/v) of methanol The top brown zone 
was not further exonuned 

The mam benzene eluate was evaporated to dryness, and 
crystallized tvneefiom chloroform and methanol 429 mg of 
coproporphynn lU methyl ester (m p 165-167° vnth a 
remelt at 181-182°) were obtamed This matenal m ohloro 
form showed absoiption bands at 622 1, 672 0, 633 7 and 
602 5 mp, mtensity IV>in>n>I (Hartndge reversion 
spectroscope) A further 60 mg were obtamed by workmg 
up the mother hquors After saponification m cone HCl and 
dilution to 0 I611 m respect of HCl, the spectral absorption 
curve over the range 400—760 mp. was identical with that of 
coproporphynn I obtamed from the faeces of a patient vnth 
congemtal porphyria The Cu complex of the ester was pre 
pared by Fischer’s (1937) method, and after five orystalhza 
tions gave crystals melting at 218° vnth absorption maxima 
at 663 and 626 mp. 

Aronoff (1947) has pomted out that the relative mtensities 
of the absorption bands of diphthenal porphyrm m ether, as 
given m our prelimmary communication (Gray & Holt, 
lb47), are not typical oi a porphytm have xe exanuned 
the absorption spectrum of our matenal m ether solution 
and, although inspection through a hand spectroscope at 
first Bight seemed to confirm onr findi ng , when the spectral 
absorption curve was plotted with a spectrophotometer, 
there was no doubt that the relative mtensities were m the 
order IV>in>II>I It was obvious that with a hand 
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spectroscope the narrow width of the absorption band m the 
r^ led to an overestimate of its intensity Others have also 
heen misled by the narrormesa of the first absorption band, 
thns Gnnstein, Schwartz & Watson (1945) describe the 
relative mtensities of the absorption bands of oopropor 
phyrm I as IV, m, I and EC m decreasing order 

The elnate contaimng the second porphynn zone was 
evaporated to dryness, and after reorystaUization from 
chloroform and methanol gave 7 1 mg of the typical hair 
like crystals of nroporphynn I octamethyl ester (m p 288°) 
In chloroform, this ester showed absorption bands at 626 7, 
676 7, 636 6 and 603 6 mp,, mtensity rV>IU>n>I 
(Hartndge reversion spectroscope) The third porphynn 
zone has not yet been identified 

DISCUSSION 

The isolation of coproporphynn HI ester in re 
latively enormous quantities m the large scale pro- 
duction of purified diphtheria toxoid provides an 
abundant and hitherto unexplored source of eopro 


PORPHYRIN ' 

porphynn m, which will be of the gi-eatest value m 
the mvestigation of the metabohc relationships of 
this mateni m the mtact animal The production of 
small quantities of uroporphyrm I provides yet 
another example of the so called dualism of the 
porph 5 rnns, attention to which was first drawn by 
PiBcher (1937) In the hght of present knowledge 
it IS not possible to speculate on the significance of 
this dualism to the economy of the organism The 
imphcations suggested by Pappenheuner (194:7) 
regar din g the relationship of the production of por- 
phjmn to toxm formation wfil be the subject of a 
separate paper to bo published elsewhere 

SUMMARY 

Coproporphynn IH tetramethyl ester m large yield 
and uroporphyrm I octamethyl ester m very small 
yueld have been prepared from toxic culture filtrates 
of GorynebacUnum dtphthenae 
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In recent years, the trend of enzyme research has 
shifted from the study of the reactioqs catalyzed to 
a study of the chemical nature of the enzymes them- 
selves This has led m the last fifteen years to the 
isolation of some forty enzymes m a crystalhne or 
highly purified state, and m many cases to the 
identification of their prosthetic groups, resulting m 
a completely new outlook on enzyme chemistry 
Little progress, however, has been made m the 
study of bacterial enzymes from this standpomt, and 
up to the present there has not been recorded the 
isolation of a smgle bacterial enzyme m a pure state 
Tills IS the more regrettable since many mterestmg 

* A prelumnary account of part of this work appeared m 
Nature, Bond , 160, 125 (1947) 

Biochem 1948, 43 


enzymes exist m bacteria which have not been found 
elsewhere, and some bacterial enzymes at least (e g 
lactic dehydrogenase, cytochromes and o,) are 
known to differ greatly from their counterparts m 
animal tissues This relative neglect of bacterial 
enzymes is m peat due to purely techmcal reasoha, 
namely, the difficulties mvolved m growing the large 
quantities of bacteria required, and the problem of 
hberatingendo-enzymes from the bacterial cell The 
first of these problems is well on its way to solution, 
but the second is more difficult Most of the tech- 
mques hitherto used for destroying the cell wall and 
hberatmg mtracellular enzymes (for example, auto- 
lysis, vacuum- or acetone drymg followed by ex- 
traction, shakmg with glass beads (Curran & Evans, 

13 
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1942) or grinding with powdered glass (Kalnitsky, 
Utter & Werkman, 1946), the roller crushing null 
(Booth & Green, 1938), ultrasonic disintegration 
(Stumpf, Green & Smith, 1946, and others)) either 
tend to destroy labile enzymes, are difficult to em- 
ploy on a large scale, or require specialized apparatus 

This paper describes the use of a relativ ely little- 
used method of hberatmg enzymes from bacterial 
cells, namelj’', lysis of the bacteria with Ij'sozjrme 
Tins substance, which is now easily prepared m 
crj'stallme form from egg white, rapidlj’’ brmgs about 
smooth and complete Ij'sis of susceptible hactena, 
no speciahzed apparatus is required, and the method 
can be employed on any scale Penrose <SL Quastel 
(1930), Quastel (1937) and Epps &, Gale (1942) haie 
used lysozyme to determme the true enzjTne content 
of bacterial cells grown under different conditions, 
but it has not previously been used as an aid to 
enzyme purification 

The present paper describes the apphcation of this 
method to the isolation of catalase from Mtcrococeua 
lysodeikUcus Catalase was one of the first enz5'me3 
to be described m bacteria (Gottstem, 1893) and 
much work has been done on it smce, but no attempts 
have been made to isolate it m a pure state or deter 
mme its chenucal nature Usmg lysozjnne to hberate 
the enzyme from the bactena, we have been able to 
isolate M lysodetUtcus catalase as a pure, crystallme 
protem As far as we are aware, this is the first 
bacterial enzyme to have been crj'stallized 

Bactenal catalase is on the whole \ ery similar to 
the catalases that have been isolated from mam- 
mahan tissues, but there are certam differences It 
IS a Conjugated protem with haematm as the pros- 
thetic group, but unlike liver catalase it contains no 
verdohaematm The protem part of the molecule 
has the same molecular weight as hver catalase 
protem, but differs m its resistance to orgamc sol- 
vents and low pH Tlie catalytic activity of the 
bactenal enzyme is considerably higher than that of 
blood or hver catalases , this difference also is to be 
attnbuted to the protem part of the molecule 
Fmally, it differs from other catalases m its crystal- 
hne form 


SIETHODS 

Bactenal suspensions The Btram of M lysodeiLiicus used 
(National Collection of Type Cnltnrea no 2665) was a 
descendant of that onginally isolated by Tleming (1922) For 
large scale production, the bactena were grown on C C T 
lactate agar (Gladstone Fddes, 1940) m enamelled trays 
(photographic developmg dishes) measuring 11 x 16-m , with 
overlappmg hds, each contammg 600 ml of agar Three ml 
of moculnm, prepared by suspending the 24 hr growth from 
a Eoux bottle m 50 mb of salme, was spread evenly over the 
surface of each tray with a glass spreader, and the trays 
incubated at 36° Growth was almost complete m 24 hr , but 
the catalase activity of the bactena contmned to increase 


up to 40 hr , which was therefore adopted as the standard 
time for incubation The bactenal groudh was then removed 
from the agar surface with a scraper The average yield was 
c 1 6 g bactena (drv ivt )/tray 

Estimation of catalase activity The actmty of catalase 
preparations was measured essentially according to Euler i, 
Josephson (1927) Suitably diluted catalase solution (1 ml , 
containing c 0 3 pg of pure enzyme) is added to 49 ml of 
0 016 N H.O. in 0 016 m phosphate buffer of pH 6 8, kept at 
0° in an ice water bath Five ml are immediately with 
drawn, pipetted into 5 ml of 2^ HjSO^, and titrated with 
OOIn lOInOi Further samples are withdrawn and titrated 
after 3, 0, 9 and 12 min For each time interval, the first 

order \ elociti constant is calculated as i = - logn, ° , 

t a —X 

where a is the mitial KMnO^ titre and a-x the titre after ^ 
t mm 


Lnder these conditions the reaction is approximately first 
order but, as with catalase of plant and animal ongm, 
significant destruction of the enzyme by the H.Oj occurs, 
causmg falling \alues of L Following Sumner (1941), we 
plot L agamst t and determine L^, the i alue.of I at zero tune, 
b\ extrapolation The amount of catalase taken should be 
such that lo falls between 0 025 and 0 04 mm the value of 
Lfi is then directly proportional to the amount of enzyme 
taken 

Catalase solutions always have to be highly diluted for 
testing, the actmty of the undiluted solution is calculated 
by multiplying the value of I found m the test by the overall 
dilution factor, e g if 1 ruL of a 1/10,000 dilution gives a / 
\ alue of 0 03 in the test, then I for the undiluted solution is 
0 03x60x10,000 = 16,000 The punty of an enzyme pre 
pamtion is expressed accordmg to Euler i, Josephson (1927) 


ns Kat / = — — -, 

g enzyme m 60 ml 

, test 

conditions, Kat f = 


or under the above test 


g enzyme m test 
To obtam rehable results by this method, it is essential that 
all glassware should be cleaned with HjSOj K. 0 , 07 , and 
that the very dilute enzyme solutions necessary for the test 
should bo used immediately after dilutmg Even so, we 
consider the error to be about 6% All measurements 
reported m this paper are the means of dupheates 

Dry weights Well dialyzed enzyme solutions, or bactenal 
suspensions thoroughly washed m distdled water, were dned 
to constant weight at 105° and weighed on a rmcro balance 
The colonmetnc method of Pressman (1943) was used as 
a rapid, rough method of detbrminmg the protem content of 
enzyme fractions, all measurements reported, however, are 
bas^ on direct weighings Dry weights of bactenal sus 
pensions were as a routme measured turbidimetncaUy usmg 
a Hilger photoeleotnc absorptiometer previously cahbrated 
with suspensions of known dry weight 

Haemxn estimations The method chiefly used was the 
pyndine haemochromogen method of Kedm Hartree 
(1930) and Rimmgton (1942) Eesults were occasionally 
checked by the oyanhaematm method of Kmg Gilchnst 
(1947), the two methods gave identical results 
Crystalline lysozyme This was mitially prepared from egg 
white by bentonite adsorption accordmg to Alderton, Ward 
i, Fevold (1946) Once a supply of seed crystals had been 
prepared, subsequent batches were made by direct crystal 
lization from egg white (Alderton A Fevold, 1946), this 
method was found very simple and reliable 
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Absorption speclra were observed with a Hartndge 
reversion speetroacope (cabbrated with a neon lamp), and 
a Beckman spootrophotometer 

RESULTS , 

Action^ of lysozyme on jllicrococcus lysodeikticus 
suspensions 

--When a dilute suspension (say 1 mg /ml ) of M 
lysodeiLtuyus m 0 5 % sakne is treated -with a small 
amount of lysozjune, the turbidity rapidly disappears 
leavmg an almost water clear solution m which no 
mtaot bacteria are observable microscopically , the 
phenomenon has been described m detail by Flenung 
(1922, 1929) and subsequent workers 

An mterestmg finding is that the catalase activity 
of M lysodetkitcus suspensions mvanably mcreases 
after lysis ivith lysozyme, usually by about tenfold 
For example, a typical suspension gave the foUomng 
results (tested at 30°) 

Baotena 
m test 

(mg ) L Kat f 

Before lyeia 0 424 0 0382 89 

After lyms 0 071 0 0006 864 


about the consistency of egg wlute, whde an 8 % 
solution IS a semi sohd gel which cannot be pipetted 
or poured out of a test tube , a 4 % solution is the 
strongest that can convemently be handled. Besides 
bemg highly viscous, such solutions have marked 
elastic properties They are readily drawn out mto 
threads, and on pouring from a measurmg cyhnder 
emerge as an elongated ‘ blob ’ which slowly descends 
wlule the cyhnder is tilted and runs back mto the 
cylmder if the latter is restored to an iipnght 
position When caused to flow along a 2 mm lion 
zontal capiUary under pressure (m an apparatus 
sumlar to that used by Scott Blair, PoUey, Malpress 
& Coppen (1941) for testmg the flow elasticity of 
bovme cervical mucus), they show marked recoil 
when the pressure is suddenly released 

The chermcal nature of this viscous substance or 
substances is unknown, nor is it known whether they 
are imtially present mside the bactenal cell and 
released from it by lysis, or formed bv the action of 
lysozyme , it is hoped to mvestigate these problems 
m the future The phenomenon is not pecuhar to 
M lysodetkitcus, similar viscous substances bemg 
formed when other sensitive bactena are treated 
with lysozyme 


The same effect is observed if the bactena are 
dismtegrated by shakmg with glass beads Sumlar 
results were observed by Penrose & Quastel (1930), 
and Krampitz & Workman (1941) found that mtact 
M lysodetkitcus suspensions had no action on oxalo- 
acetic acid, whilst lyzed or acetone-dned bactena 
rapidly decarboxylated this substance The simplest 
explanation is that diffusion of substrate mto the 
cell IS a limitmg factor 

Flemmg (1929) noted that high salt concentrations 
Inliibit lysis by lysozyme We find also that m the 
total absence of salts (baotena washed with distilled 
water and treated with dialyzed lysozyme solutions) 
lysis 18 almost completely inhibited for prolonged 
penods The optimal salt concentration is about 
0 6 %forNaCland0 02-0 06 m for phosphate buffers, 
under these conditions, 1 mg of crystalhne lysozyme 
IS more than sufficient to brmg about complete lysis 
of 1 g of M lysodetkitcus m 1 lu at 30° 

Prenous workers on lysozyme have only studied 
its action on quite dilute bacterial suspensions AVhen 
large amounts of bacteria m tluck (1-8 % dry weight) 
suspension are Ivzed, mterestmg new phenomena are 
obsen ed Yflien acted on by lysozyme, such sus- 
pensions of AI lysodetkitcus, which are ongmally 
canarv A ellow and completely opaque, rapidly be 
come greemsh yellow and semi transparent though 
not completely water clear , the residual turbidity is 
due te the high concentration of ‘ghosts’ As these 
changes take place the imtially mobile suspension 
becomes highh vnscoua and shmv The solution pro 
duced bj Ij’sis of a 1 % bacterial suspension has 


Isolalton of cryslalltne catalase from lysed bactena 

The essentials of the purification method we have 
adopted are as follows The solution of lyzed bactena 
IB treated with 0 6 vol of ethanol at pH 6 6, which 
precipitates the viscous substances formed on lysis, 
and then shaken with chloroform, which denatures 
considerable quantities of mert protems The 
aqueous ethanohc solution is then treated with sohd 
ammoni um sulphate which, with correct proportions 
of the three components, causes it to separate mto 
two hqmd phases, one containing all the catalase 
while the other contains most of the contammatmg 
proteins This ‘partition’ method is, as far as we 
know, a novel procedure m protem purification, and 
may well be applicable to other problems 

After repetition of the abo\ e process, two 
fractionations with ammomum sulphate brmg the 
enzyme to 70-80% punty, when it can be crystal 
hzed either by prolonged dialysis or by careful 
addition of ammonium sulphate 

The foUowmg are the details of a typical pre 
paration 

Stage 1 The bactenal growth from 160 trays (78 1 of 
medium) waa harvested, auspended without washmg m 
c 31 of 0 6% KaCl, and strained through muslm to remove 
flakes of agar Turbidimetnc estimation showed that the 
total dry weight of bactena was 203 g , and 0 5 % RaCl was 
added to make the final concentration of the suspension 4 % 
on a drv weight basis (5085 ml ) CrvstaUme Ivsozvme was 
then added (1 mg /g bactena) and the suspension mcnbated 
I hr at 30°, when lysis was complete Kat f of Ivzed sus- 
pension =910 
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Stage 2 The highly viBcons lyzed suspension ■was treated 
successively ■with 609 ml of ii acetate buffer of pH 6 6, and 
2800 ml of ethanol (final ethanol concentration 33 3 % v/v) 
A bulky yellow gelatmous precipitate ■was centrifuged off, 
■washed with 2500 ml of m/15 acetate (pH 5 6) containmg 
33 3 % ethanol, and the washings added to the ongmal 
supernatant flmd This gave 8180 ml of a pale yellow mohde 
hquid , Kal f = 4020 (All the aboi e operations were earned 
out at 0°, this 18 not absolutely essential, but gives better 
yields ) 

Stage 3 The above hquid was treated ■with 1820 ml of 
chloroform, shaken on a fast mechanical shaker for 16 min 
and centrifuged, when two hquid layers formed 'with a thick 
layer of denatured protein at the interface The top laj’er 
(7610 ml ) was siphoned off, Ao/ / =6200 

Stage 4 The top layer from the last stage was treated ■with 
■S*o vol of M sodium acetate and 2400 g of solid (NHjl^O^ 
added (30 g to each 100 ml ) This caused the separation on 
standmg of two hquid layers, the lower containmg most of 
the (NH4 )iS 04 and the upper moat of the ethanol, some 
■(NHjI^Oj and water The smaller top layer (2700 ml ) was 
pale brown and contamed all the catalase, whose char 
actenstio absorption band at 631 mp could now be seen 
■with a hand spectroscope, Kal f =16,060 (It is essential 
for the success of this step that the proportions of aqueous 
solution, ethanol and chloroform specified m stages 2 and 3 
should be adhered to , otherwise two layers may not separate, 
or the catalase may be precipitated at the interface The 
sodium acetate is added to keep the pH at about 6 6 on 
addition of the (NH4)jS04 ) 

Stage 5 The top layer from the above stage was shaken for 
15 mm 'With an equal volume of chloroform, allowed to 
stand, andthetoplayer(1890ml )removed (Comparatively 
httle mart protem is removed by this step , the mam purpose 
IS to reduce the ethanol concentration ) Sohd (NH4)jS04 
was now added (23 g to each 100 ml ) when two lajers agam 
separated The top layer was much the smaller, and dark 
brown, it was removed in a separating funnel and dialyzed 
against runnmg tap water overnight, final volume 000 ml , 
Kal f =20,200 

(Stages 4 and 6 bnng a,bout a fourfold purification and 
decrease the volume to iV, this concentration is important 
for the subsequent (NH4)jS04 fractionation which is less 
effective if the protem concentration is too low ) 

Stage 6 The dialyzed solution from stage 6 was brought 
to pH 6 6 by tbe addition of ■iV vol of m acetate buffer, and 
roughly fractionated by adding successive portions of sohd 
(NH4 )jS 04 and centnfugmg off the resulting precipitates 
Fraction 6o (obtained ■with 1 96m fNH4)jS04) which was 
greyish white and contamed httle catalase, was rejected 
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Fractions 6 b, c and d, taken off at 2 27, 2 38 and 2 62m- 
(NH4),S04, wore brown and contamed most of the catalase, 
httle being left in the final supernatant These three fractions 
were combmed and dissolved m m/20 acetate pH 6 6 to give 
a volume of 61 ml , Kat f =40,000 
Stage 7 The combmed fractions 6, c and d were now care 
fuUy fractionated by drop’wise addition of a 4m (NH4 )jS 04 
solution adjusted to pH 6 6 ■with NH4OH (It ■was found 
impossible to standardize these fractionations completely 
The exact (NH4),S04 concentration at which catalase begins 
to precipitate is markedly affected by the catalase concen 
tration, the temperature and probably other factors It is 
necessary to proceed empincally, addmg the (NH4),S04 drop 
by drop and -with good stirrmg, takmg off fractions at 
intervals Fortunately, the colour of the catalase makes it 
easy to determine its distnbution in the precipitates ) Three 
successive precipitates were taken off, after which httle 
catalase remamed in the supernatant flmd The smaller 1st 
and 3rd precipitates were ■visibly paler than the 2nd, and 
obviously contamed colourless protem impurities The 2nd 
dark brown precipitate contamed the bulk of the catalase 
and was dissolved m m/20 acetate pH 6 6 to give a volume of 
OS ml, Kat / =62,900 

Stage 8 {eryalalheatwn) The solution resnltmg from the 
last stage was ciystalhzed m three different ways (1) A 
portion ( 1 0 ml ) of the solution was dialyzed against repeated 
changes of distilled water at 0° After 6 days (longer than 
this may bo necessary) it bad mostly crystallized (u) Another 
10 ml portion of the solution 'was cautiously treated 'with 
4 m (NH 4),S04 untd the famtest turbidity appeared The 
solution was allowed to stand at room temperature, and by 
the next day it had almost completely crystallized, lea'vmg 
a nearly colourless mother hquor (m) The rest of the solution 
(43 ml ) ■was treated -with just enough 4m (NH4),S04 to 
precipitate all the catalase The precipitate was centrifuged 
down and redissohed by addmg distilled water drop by 
drop, very slowly and ■with good Btunng, untd all but a small 
portion had dissolved, this was centnfriged off The super- 
natant fluid was then saturated ■with amoiphous catalase, 
it was allowed to stand at room temperature, and moat had 
crystallized ■withm 24 hr (mo) A smaller second crop of 
crystals (hi 6) was obtamed by addmg a few drops of 
(NH4 )jS 04 to the mother hquor of the let crop The four 
batches of crystals were separately dissolved m m/16 phos 
phate buffer pH 6 8, well dialyzed, and tested, Kat f = 
90,000-98,000, which is the highest value ■we have obtained 
There is thus a considerable morease m punty on crystalU 
zation 

The yields and purities at each stage of the isolation 
procedure are shown m Table 1 


Table 1 Purification of bacterial catalase 



Volume 

Total protem 

Total catalase 

Kat f 

Stage 

(ml) 

(g) 

(g) 

Lyzed baotena 

6,085 

203 

1 94 

910 

Ethanol supernatant 

8,180 

402 

1 69 

4,020 

Chloroform supernatant 

7,610 

29 6 

1 60 

6,200 

First ethanol (NH4)_S04 partition 

2,760 

8 9 

1 46 

16,660 

Second ethanol (NH4)jS04 partition 

600 

64 

1 14 

20,200 

First (NH4),S04 fractionation 

61 

21 

0 90 

40,000 

Second fNH4)jS04 fractionation 

63 

0 736 

0 486 

62,900 

Crystals (1) 

— 

0 050 

0 0501 

93,300 

(n) 

(mo) 

— 

0 086 

0 206 

0 066 1 Q gng 

98,000 

99,000 

(ill 5) 

— 

0 056 

0 066/ 

90,000 
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Properttea of the crystaUtne enzyme 

General properties Solutions of the pure enzyme 
have a red brown colour reaemblmg that of methae 
moglobm Strong solutions (1 % or over) are stable 
for many weeks at 0°, or even at room temperature, 
if bactenal contammation is avoided, but very dilute 
solutions such as are used m Kat f determinations 
lose their activity fairly rapidly, and miifit be tested 
immediately in this they resemble hver catalase 
(Sumner & Dounce, 1937) 
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CrystaUtne form The pure enzyme crystallizes as 
regular ootahedra, which are isotropic when viewed 
between crossed polaroids , they have the same form, 
however the enzyme is crj^staUized (PI 3) In this 
respect bactenal catalase differs from heef-hver 
catalase, which accordmg to Sumner & Dounce 
(1937) may crystallize as needles, plates or pnsms, 
according to the conditions of crystaUization 

Prosthetic group Bacterial catalase has a higher 
activity [Kat f ) than catalases from other sources 
(Tables 1 and 3) It is important to discover whether 
this IS to be attributed to differences m the protem 


CRYSTALLINE BACTERLAL CATALASE 



Fig 1 Absorption gpectnun of bactenal catalase Crystallme enzyme 
{Kat f =99,000) in m/16 phosphate pH 6 8 


Bactenal catalase is fauly stable at high pH values 
(eg m 0 In ammoma) but much less stable to acid 
pH Horse hver and erythrocyte catalase are stable 
down to pH 3 2 (Agner & Theorell, 1946), but 
bacterial catalase is instantly denatured and pre 
cipitated at pH 4 0, and fairly rapidly at pH 4 6 
Hence, treatment with acetate buffer pH 3 8, which 
Bonnichsen (1947) used effectively for purifying 
mammalian catalases, cannot be employed for 
punfjTng the bactenal enzyme Diosan, which 
Sumner & Dounce (1937, 1939) used to punfy hver 
catalase, denatures bactenal catalase very rapidly 
at room temperature and still rapidly at 0° , we were 
able to obtain fairly pure preparations by Sumner’s 
method working at 0°, but only in very low yields 


or the prosthetic group, and the nature of the latter 
was mvestigated m some detail 

Strong solutions of bactenal catalase have a char- 
acteristic absorption spectrum (Fig 1), showmg 
three bands centred at 606, 646 and 631 my (mar/16 
phosphate pH 6 8), which are close to the values 
reported for other catalases The exact positions and 
mtensities of the bands are affected both by the pH 
and the nature of the buffer amon (cf Agner, 1942) 
These data are not always recorded m the hterature , 
it IS uncertam, therefore, whether the shght spectro- 
scopic differences observed between different cata- 
lases are apparent or real 

On treatment with pyndme and sodium hypo- 
sulphite (NajStOj) m 0 In NaOH bacterial catalase 
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gives a typical haemocliromogeto spectrum, and it 
forms characteristic compoimds with cyamde and 
azide Neither azide catalase nor cyanide catalase, 
nor catalase itself, is reduced by hj^osidphite 
Azide catalase forms a characteristic pmk compound 
with hydrogen peroxide, winch gradually reverts to 
the ongmal spectrum as the hydrogen peroxide de- 
composes This beha\aour is exactly similar to that 
of hver catalase as described by Kedm & Hartree 
(1937), and the absorption bands of the compounds 
have similar positions (Table 2) 
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at 602, 647 and 644 m/x , identical with those of haemin m 
this solvent It contained no detectable trace of the ‘ blue 
pigment’ (bihverdm) that is produced when hver catalases 
are treated m a similar way (Sumner & Bounce, 1939) On 
evaporating off the acetone in vacuo, the haemmprecipitated, 
leal mg a colourless supernatant fluid The haemin was 
centrifuged off, washed with water, and dissolved m 10 ml 
of dduto NajCO, Part of this alkahne haematm solution 
was reserved for conversion to the cyamde and pyndme 
haemochromogen dematives, the remainder was im 
mediately cdiipled with a c 16% solution of globm pre 
pared from human blood haemoglobin by the method of 


Table 2 Absorption bands of catalase and catalase haematm derivatives 
(Positions of the absorption bands, detemuned mth the Hartndgo reversion spectroscope, are given m mp ) 


Catalase denvatives 


Catalase 

Azide catalase 

Azide catalase — H.Oj 

Cyamde catalase 

/ 

jlj lysodeiliicus catalase 
(this paper) 

606, 645, 631 6 

604, 641, 623 

648, 688 

655 6, 692 

_ . 

Horse hver catalase 
(Kedm A Hartree, 1937) 

606 5, 544, 629 6 

500 6, 644, 624 5 

647, 688 

656 5, 595 6 


Haematm denvatives 

Haematm (m ether acetic acid) 
Cyanhaematm 

Reduced cyanhaematm 

Pyndme haemochromogen 

Bactenal catalase haematm 

605, 646, (684), 638 

647 

637, 678 6 

526, 667 

Blood haematm 

606, 644 6, (686), 637 
647 

630 6, 678 

626, 667 


‘Resynthesized haemoglobm’ denvatives 

Methaemoglobm (alkahne) 
Haemoglobm 

Osy haemoglobm 

CO haemoglobm 

/ 

From globm + bactenal 
catalase haematm 

642, 676 6, 603 6 

657 

640, 677 6 

636 6, 672 

From globm + blood haematm 
641 6, 676 6, 603 

660 

640 6, 677 

637, 672 


The above facts strongly suggest that the pros- 
thetic group of bacterial catalase is haematm, but 
further evidence is needed This was obtamed by 
sphttmg off the prosthetic group with acetone 
hydrochloric acid and couphng the isolated pigment 
to globm, when it formed methaemoglobm which 
could be converted to reduced haemoglobm, oxy- 
haemoglobm and carboxyhaemoglobm, identical 
with the correspSndmg denvatives formed firom 
globm and pure haemin This is proof that the 
prosthetic group of bactenal catalase actually is 
haematm, the same experiment also showed that it 
contains no verdohaematm or similar substance 
giving nse to bdivbrdm on treatment with acetone- 
hydrochlonc acid Details are given below 

Bactenal catalase (15 mL of 1 6 %) was run mto 300 ml of 
pure acetone containmg 6 ml of cone HCl The flocculent 
protem precipitate was filtered off and washed with acetone 
HCl, the washmgs bemg added to the ongmal filtrate The 
washed protem precipitate was pure white The acetone 
hydrochlono acid filtrate was brown, showmg diffhse bands 


Anson L Mirsky (1929-30) The globm solution (which was 
free from denatured globm) was added drop by drop to 
the solution of catalase haematm untd visual and spectro 
scopio observation showed that all of the latter had coupled 
with the globm, the solution then showed the absorption 
bands of methaemoglobm This was reduced with the 
Tninimnm quantity of Stokes’s reagent (1% TeS 04 m 2% 
tartano acid) required to convert it to reduced haemoglobm 
On shakmg vigorously with air this was converted to oxy 
haemoglobm, which was further converted to CO haemo 
globm by saturation with CO The same senes of compounds 
was formed fimm the same globm solution by couphng with 
a freshly prepared solution of recrystalhzed blood haemm, 
the absorption bands of both senes, and of the other catalase 
haematm denvatives, are shown m Table 2 The spectra of 
the two senes of haemoglobm denvatives were identical 
withm the errors of readmg (Table 2) 

For companson, samples of purified horse hver 
catalase and crystallme human blood catalase were 
treated with acetone hydrochlono acid m the same 
way The blood catalase behaved exactly hke the 
bactenal catalase, givmg a brown acetone solution 
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contammg, as far as could be ascertained, only 
haematm The hver catalase, however, gave a bright 
blue acetone solution, containing both haematm 
and biliverdm, as Sumner & Bounce (1939) have 
descnbed This could be detected with even a few 
drops of a 1 6 % hver catalase solution , bacterial 
catalase contams none of the substance (probably 
verdohaematm, see Lemberg & Legge, 1943) that 
gives bdiverdm on treatment with acetone hydro- 
chloric acid 

Solutions of bacterial catalase and blood catalase 
are identical m colour to the naked eye, while horse- 
hver catalase is distmctly greener m colour, and can 
be seen spectroscopically to have a higher end- 
absorption m the red This difference m colour is 
almost certainly due to the presence of verdo 
haematm m the hver catalase, and its absence m the 
other two catalases 

Catalytic activity, haematm content and 
molecular weight 

Table 3 records the Kat f and haematm content 
of crystaUme bactenal catalase preparations com- 
pared with those of other catalases, and also the ratio 
Kat / /percentage of haematm Evidently this ratio 
should be mdependent of the punty of the catalase 
preparation provided that impurities present (a) con- 
tarn no haematm, (6) have no effect on the activity 
of the enzyme Fig 2 shows Kat f plotted agamst 


the percentage of haematm for bactenal catalase 
preparations of varying degrees of punty, the lowest 



Fig 2 Relation between haematm content and Kat -/ 
for bactenal catalase at different stages of purification 
Crystalhne preparations, • , amorphous, O 

only 20% pure The pomts are well fitted (withm the 
limits of error) by a straight hne passmg through the 


Table 3 Catalytic activity and haematm content of bactenal catalase 
compared tmth liver and erythrocyte catalases 


Bile 


Source 


Haematm 

pigment 

Kat fl%ol 

Kat f 

(%) 

(%) 

haematm 




Liver catalases 

Ox 

30,000-36,000 

046-0 64 

0 49-0 66* 

67,000-67.000 

Horse 

26,000-40,000 

0 41-0 68 

0 37-0 62* 

68,000-61,000 


34,000-48,000 

0 67-0 92 

+ 

60,000-63,000 


60,000 

0 89-0 91 

+ 

66,000-56,000 

Ox 



Erythrocyte catalases 

48,000 

1 

Nil 

T 

Horse 

06,000-70,000 

1042 

Nd 

62,000-67,000 


66,000 

108 

Nil 

60,000 

Human 

60,000 

083 

Nd 

60,300 


63,000 

1 16 

Nil 

64,700 




Bactenal catalase 

-If lyiodeiliictts 

93,3001 

1042 

Nil 

89,600 


98 OOOt 

1 103 

Nil 

89 000 


9n,ooo§ 

1 090 

Nil 

90 000 


90 00011 

1090 

Nil 

82,200 


Sedi 

mentation 

constant References 

11 2 X 10“” Sumner & Dounoe (1939), 
Sumner & Qral4n (1938) 

— Sumner, Dounce & Frampton 

(1940) 

— Kfiilin & Hartree (1946 o) 

11 3 X 10~“ Bomuchsen (1947), A^er (1938) 


— Laskowski & Sumner (1941) 

— Agner A Theoroll (1946) 

— Bonmohsen (1947) 

— Bomuchsen (1947) 

11 20x10"“ Herbert A Pinscnt (1948), 

Cecd A Ogston (1948) 

— This paper 

— This paper 

110x10-“ This paper, Cecil A Ogston (1948) 
— This paper 


* From ‘bile pigment Fe’ analyses 
+ Crystallized by dialysis, stage 8 (i) 
i Cnstalhzed by (XHj)^0„ stage 8 (u) 

§ Crystallized b\ (XHdjSO,, stage 8 (mo) 
11 Crystallized bj (XH^)^ 04 , stage 8 (m6) 
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ongm This shows that our preparations are 
not contaminated with other iron porphjTin pro- 
teins 

Table 3 shows that the haematm content of 
our preparations is the same as those recorded by 
other workers for blood catalases and higher than 
those reported for hver catalases, the Kat f , how- 
ever, IS c 60% higher than the most active cata- 
lases of animal tissues, the a\erage \alue bemg 
Kat -f = 96,000 Siinilarlj^ the ratio Kat -f /per- 
centage of haematm is higher, bemg c 88,000 To 
make certam that this is not duo to any error m our 
analytical methods, we prepared crj'stallmo blood 
catalase by a new method (Herbert <5L Pinsent, 1948), 
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Cecil A. Ogston (1948) have evammod our crystal 
Imo preparations in the ultracentrifuge and found 
them to consist essentially of a smgle homogeneous 
protem with sedimentation constant 110x10"*^ 
(Table 3) In the best preparation exaimned m the 
ultracentrifuge, the catalase accounted for 86 % of 
the sedimentmg matonal As the error of this deter 
mmation is c 5%, we may conclude that our pre 
parations were essentially homogeneous The hae 
matm content and the agreement between the 
chemical and ultracentnfugal calculations of the 
molecular weight lead us to suspect that the small 
amount of impurity apparently present is probably 
denatured catalase If this is so, then the actuaty 



Fig 3 Coupled oxidation of ethanol 'W’arbuig manometers contamed xanthme oxidase 8 mg , hypoxanthme 1 mg , 
ethanol 0 1 mL, ciystallme bacterial catalase 0 8 mg , ii/20 phosphate pH 7 2, total voL 3 mL Temp 30°, gas phase air 


and determmed its activity and haematm content m 
parallel with determinations on bacterial catalase 
Any systematic errors m our AaJ -/ and haematm de- 
termmations would apply equally to both enzymes 
Tn fact our values for blood catalase (Table 3) are m 
good agreement with those of other workers We 
concluded, therefore, that bacterial catalase actually 
has a considerably higher activity, whether measured 
on a dry weight or on a haematm basis, tham the 
catalases of m amm alian tissues Smce the prosthetic 
groups are the same, the difference must be attributed 
to the protem component of the enzyme 

Assuming our (nystaUme preparations to be pure, 
the mean haematm content of 1 09 % corresponds to 
a molecular weight of 68,000 x ?i, where n is the 
number of haematm groups/mol Assummg n = 4, as 
for catalases nf mammalian tissues, this gives a value 
for the molecular weight of 232,000 


of the completely pure enzjune may be some 10 % 
higher than the values given above 

Once the molecular weight and Kat -f of the pure 
enzyme are known, it is possible to calculate the 
‘ Turnover Number ’, defined by Warburg & Christian 
(1933) as the number of molecules of substrate de- 
composed by one molecule m 1 mm The relation 
between Turnover no and Kat f is obtamed as 
follows The mitial velocity is obtamed fi:om 'the 
velocity constant by the first order reaction 

equation ^ = 2 303 By definition, 

Kat -f = 1 1 = 20 •'vliere and 

g catalase/oO ml 

S are the concentrations of hydrogen peroxide at 0 
and t mm , and E is the concentration of catalase (all 
m mol /I ), and M is the molecular weight of catalase 
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Hence, 

Turnover no =— / — =Jtat f xO 115 MS(^ 
E\ di /,_o 

For bacterial catalase of mol wt =232,000 and 
Kat /= 96,000, under the test conditions (0 007 6 m- 
HjOj at 0°), this gives a Turnover no of 19 x 10“, the 
highest recorded for any enzyme 

By similar chlculations, the relation between 
Kat f andtheQoj(/il O, evolved/mg of enzyme dir ) 

IS given by 

(io^=Kat f X 77,600 So 

Under the test conditions, bacterial catalase has a 
Qu of 66 X 10' (The activity of catalase is usually 
measured at low hydrogen peroxide concentrations, 
when the percentage of total enzyme combmed with 
substrate is small and proportional to the substrate 
concentration, so that the reaction is first order 
Under these conditions!: and FToi -f aremdependent 
of the mitial substrate concentration, but £he Turn- 
over no and are directly proportional to the 
hydrogen peroxide concentration, which should 
always be stated ) 

Coupled oxidation of alcohols 

Kedm & Haxtree (1936, 19466) have shown that 
if catalase and ethanol are added to any enz 5 Tne 
system which produces hydrogen peroxide, the latter 
18 used by the catalase to brmg about a ‘coupled 
oxidation’ of the ethanol to acetaldehyde In other 
words, under these special conditions (contmuous 
slow supply of hydrogen peroxide at a very low 
concentration), the catalase acts as a peroxidase 
Fig 3 shows that bacterial catalase behaves 
exactly like hver catalase m this respect Xanthme 
oxidase hypoxanthme was used as the source of 
hydrogen peroxide , the coupled oxidation is shown 
by a doublmg of the theoretical oxygen uptake and 
the formation of acetaldehyde, recogmzed by its 
smeU and the brown coloration imparted to the 
potassium hydroxide papers m the manometer cups 
Acetaldehyde is only formed when catalase, ethanol, 
xanthme oxidase and hypoxanthme are all present 

DISCUSSION 

The objects of this work were ta ofold to mvestigate 
the use of lysozjme for the liberation of enzymes 
from the bacterial cell, and to apply this teohmque 
to the isolation of bacterial catalase 

Our present results mdicate that the lysozyme 
technique is an excellent one, though not entirely 
anthout drawbacks It is, of course, only apphcable 
to lysozjme sensitive micro organisms The inscous 
substances released from the bacteria by Ij’sozjme 
(or possibh formed by its action) are a decided 
hindrance m the imt lal stages of enzjme purification 
No\ ertheless, the simplicity of the techmque, the 


fact that it IS unlikely to destroy labile enzjmes, and 
its ready apphcabfiity on either a large or a small 
scale, should make it a useful tool m studymg the 
rntracellular components of bacteria 

The isolation of the catalase of M lysodeikttcus 
was undertaken partly m the hope that mterestmg 
differences might be revealed between the bacterial 
enzyme and the catalases of mammahan tissues In 
fact, the differences observed are less stnkmg than 
the similarities The prosthetic group is the same as 
that of mammalian catalases, the molecular weight 
IS the same, and there are the same number of 
haematm groups m the molecule The mam differ 
ence is that the catalytic activity of the bacterial 
enzjme is considerably higher than that of mam 
mahan catalases , this difference must be attributed 
to the protem component of the enzyme 

The protem components of sheep, ox, horse and 
human cataleises have aU been shown to be different 
by immunological methods (Tna, 1939, Campbell & 
Fourt, 1939, Bonmehsen, 1947), and there is httle 
doubt that the protem of bacterial catalase is 
different agam AU these proteins, however, when 
combmed with haematm, have the common pro 
perty of catalj^mg specifically the decomposition 
of hydrogen peroxide It seems reasonable to sup- 
pose that this common property is related to some 
common struotural element of the molecule — 
possibly some particular groupmg of certam amin o, 
acids — on which the catalytic activity depends A 
careful study of the same enzjnne isolated from 
several different sources might throw considerable 
light on the nature of enzjrmio catalysis Catalase, 
which has now been isolated pure from so many 
different sources, should be a suitable enzjnne to 
choose for such an mvestigation 

Another pomt of mterest ansmg from this work 
18 the remarkably high concentration of catalase 
found m M lysodeikttcus This can be calculated 
from the Kat f values of the pure enzyme (96,000) 
and the lyzed bacteria (800-1800 m different 
batches), gi\mg a catalase content for this organism 
of 1-2 % of its dry weight This is about ten tunes 
the catalase content of human red blood corpuscles 
(Herbert L Pmsent, 1948) It can also be calculated 
that a smgle bacterial cell (dry weight taken as 
2 6 X 10““ g ) contains 10-20 x 10’ enzjme mole- 
cules 

Such calculations raise the question of the function 
of catalase m ill lysodexkticus The above concen- 
trations of catalase would enable each bacterial ceU 
to decompose c 36-70 tunes its own weight of 
hydrogen peroxide/mm (at 0° and hydrogen per 
oxide concentration of 0 Olsi) Such large amounts 
of peroxide could scarcelj be formed as a result of 
cell metabolism, and it is diffi cult to devise any 
teleological explanation for this high enzyme con, 
centration unless, as the disco\ery of ‘coupled 
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oxidation’ by Keilm & Hartree (1936, 19456) sug- 
gests, catalase has other functions besides the simple 
decomposition of hydrogen peroxide 

SmBIARY 

1 Tlie use of lysozyme m the study of intra- 
cellular bacterial enzjnnes and some phenomena 
noticed when lysozyme acts on concentrated 
bacterial suspensions are discussed 

2 Usmg lysozyme to liberate the enzyme from 
the bacterial cell, catalase has been isolated from 
Micrococcus lysodeikticus m crj'stallme form 

3 Bacterial catalase is m many respects similar 
to the catalases of animal tissues The crystalhne 
enzyme contains c 1 1 % of haematm, identical with 
ordmary blood haematm 


1948 

4 It differs from liver catalases, but resembles 
erythrocyte catalases, m contammg no verdo 
haematm 

6 Haematm content and ultracentnfugal data 
mdicate a molecular weight of c 230,000, with four 
haematm groups/molecule 

6 The catalytic activity is considerably higher 
than that of mammahan tissue catalases, the differ 
ence is to be attributed to the protem component of 
the enzyme 

Our thanks are due to Dr D W Henderson, Chief Super 
intcndent of the Slicrobiological Research Department, 
Porton, and his staff, for their mialuable assistance m 
growing the large quantities of bactena pecessary for this 
work 
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Crystalline Human Erythrocyte Catalase 

By D HERBERT (Leverhuhne Research Fellow) and JAJJE PINSEIIT (Leverhultne Research Scholar), 
Medical Research Council Unit for Bacterial Chemistry, Lister Institute, London, Sf TF 1 

{Received 13 January 1948) 


The enzyme catalase has heen isolated m crystaUme 
form from ox hver (Sumner & Dounce, 1937), horse 
hver (Agner, 1942), lamh hver (Dounce, 1942), ox 
erythrocytes (Laskowsla & Sumner, 1941), human 
and horse erythrocytes (Bonmchsen, 1947) In the 
prece din g paper (Herbert & Pinsent, 1948) we 
describe the isolation of crystaUme catalase from 
a bacterium, Micrococcus lysodeikticus 

With the exception of human blood catalase, aU 
these enzymes have been reported to contam about 
0 097 % Fe or 1 1 % Fe porphyrm, correspondmg to 
four iron porphjmn groups m a molecule of mole 
cular weight 230,000, m bacterial and erythrocyte 
catalases aUfouruon porphynngroupsarehaematm, 
while m hver catalases a varymg proportion may be 
verdohaematm or a related compound This siim- 
lanty between the catalases of three mammahan 
and one bacterial species is remarkable, and the 
reported exception of humem blood catalase is un 
expected This enzyme was crystallized by Bon- 
mohsen (1947), who found it to contain only 0 077 % 
Fe and 0 83% haematm, and stated ‘if wo assume 
the same molecular weight as for the other catalases, 
tins would mean that tlus catalase contains only 
three haematm groups ’ 

We have isolated ciystallme catalase from human 
red cells by a new method Contrary to Bonmchsen’s 
findings, it contamed 116% haematm, corre 
spondmg to four haematm groups/molecule, if the 
molecular weight is assumed to bo 220,000 Smce 
no ultracentnfugal measurements have hitherto 
been reported for erythrocjde catalases, our enzyme 
a as submitted to Dr R Cecil, who found it to have 
a sedimentation constant of 11 26 x 10“” (Cecd & 
Ogston, 1948), identical with the recorded values for 
liver catalases Our preparation had a Kat f of 
03,000 and a ratio f /percentage of haematm of 
54,400, vlnch are sunilar to the i alues reported for 
other mammalian catalases (see Table 2, Herbert & 
Pinsent, 1948) 

These results show human erJ’throc^’te catalase to 
bo essentiallj similar m catalj’tic actinty and mole 
cular weight to all other eridlwocyto catalases, and 
to ha\ o the same number (four) of haematm groups/ 
molecule As our method of isolation endentlv pro 
duces a purer cnzi-mo than that of Bonmchsen 
(1947), and also gi\ cs higher juelds, the details were 
thought to bo worth plocmg on record 


EXPERniENTAD 

Methods AU methods used for detemlinatioii of Kat f , 
haematm content, etc , were exactly as described by Herbert 
&, Pinsent (1948) 

Isolation of crystalline human erythrocyte catalase 

No particularly novel methods have been used m 
our isolation procedure The first step consists m 
shaking the baemolyzed red ceUs with ethanol and 
chloroform (cf Tsuohihashi, 1923), this removes aU 
the haemoglobm, leaving the catalase m the super- 
natant fimd The catalase is then absorbed on calcium 
phosphate gel It may be eluted from the gel with 
0 06 n ammomum hydroxide or disodium phosphate, 
but several washes -with rather large volumes are 
necessary for complete elution, so that the final 
eluate is very dilute Instead, we decompose the gel 
by sbakmg with potassium oxalate and centnfugmg 
off the precipitated calcium oxalate This gives 
quantitative recovenes m a small volume 

These two steps effect a hundredfold purification 
and give an enzyme approximately 20 % pure, from 
which pure, crystaUme catalase may easily be 
obtamed by careful fractionation with ammomum 
sulphate ControUed salt fractionation has not much 
been used by previous workers on catalase, who have 
mostly preferred fractionation with orgamc sol 
vents , our experience shows it to bo an efficient as 
well as a simple techmque 

The following are the details of a typical pre 
paration 

Stage 1 The red cells wvre removed from citrated human 
blood by centnfugmg, and wasbed twice on the centrifuge 
with 0 0%^nCl, 6 84 1 of packed red ceUs were laked with 
an equal volume of distiUed water, giving a solution con 
taimng 1690 g total protem and 2 71 g pure catalase, 
Kal f =101 (Note 1) 

Stage 2 The laked red ceUs were treated with 0 44 vol of 
a 3 1 ethanol chloroform mixture, and stirred vigorously 
for 15 m m The sticky mass of precipitated haemoglobin was 
removed by strammg through mushn and weU pressed out 
The rather turbid solution was filtered through a pad of 
‘Hj-flo Super Cel,’ givmg 14 6 1 of a clear, pale yellow 
filtrate showmg no haemoglobm sjiectrum Kat f =1020 
yield 70% 

Stage 3 The above filtrate was treated (Note 2) with 2 1 
of a 1 50(, suspension of Caj(PO<), gel (Keihn t Hartrce, 
1038) and stood 1 hr to aUow the gel to settle Ifost of the 
supernatant fimd could then be decanted off and the re 
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mamder separated by centrifuging The gel had adsorbed a 
considerable quantity of protein but very little catalase 
A second addition of 30 g of Ca3(P04), (Note 2) adsorbed 
almost all the catalase, and was collected by decantation 
followed by centnfugmg The packed Ca3(P04), precipitate 
was shaken vigorously with 000 ml of 0 6m potassium 
oxalate m 0 6m NaHjPO* (Note 3) The calcium oxalate was 
centrifuged off and washed twice with water, the waslungs 
bemg added to the first eluate This gave 1620 ml of a 
brown solution with a clearly visible catalase spectrum, 
Kat f =10,400, overall yield 66% 

Stage 4 Sohd (NHiljSOi was added to the abo e solution 
(30 g /lOO mk), and the greyish brown precipitate collected 
by centnfugmg and dissolved m 100 ml water, 20 ml of 
N acetate buffer pH 4 0 were then added and the solution 
allowed to stand 2 hr (cf Bonmchsen, 1947) A flocoulent 
greyish precipitate formed and was removed by centnfugmg, 
leavmg a clear greemsh brown hquor which was adjusted to 
about pH 6 6 with NajHPO^, Kal f =21,800, overall yield 

36% 

Stage 6 The catalase solution firom stage 4 was treated 
with 4m (NH4),S04, added drop by drop with good stirrmg 
A small, greyish brown precipitate which appeared at an 
(NH4),S04 cone of 1 4m (Note 4) was removed by centn 
fugmg Careful addition of (NH4)jS04 was continued until 
a famt turbidity appeared, on standmg at room temperature 
this rapidly moreased and developed a silken sheen, notice- 
able on ?timng, hke a suspension of bactena Microscopic 
exammation showed it to consist of very fine needle shaped 
orj stals After standmg 1 hr these were centrifuged down, 
and a further crop of crystals obtamed firom the mother 
hquor by addmg a httle more (NH4)jS04 The two crops of 
crystals were pooled and dissolved m 60 ml of water, total 
710 mg or 26% overall yield on the red cell haemolysate 
The Kat f was 60,200 and the haematm content 1 06% 
After two recrystalhzations by the same method, the Kat f 
was raised to 63,000 and the haematm content to 1 16% 

Note 1 This batch of red oeUs had been kept for 13 days 
at 2° before using In another preparation where the blood 
was used fiesh, the washed, laked red ceUs had a Kat f of 
166 Both batches were pools from several donors 

Note 2 The quantity of calcium phosphate required vanes 
from one preparation to another, and should be detormmed 
by a sm^ scale trial, treatmg, eg 10 ml sampled of 
enzyme with 1, 2, 3 and 4 ml of gel suspension, centnfugmg, 
and estunatmg the catalase left in the supernatant fluid 

Note 3 When Ca5(P04)j is decomposed with oxalate the 
solution becomes strongly alkahne through the formation of 
K3PO4, hence NaHiP04 is added to keep the pH neutral 

Note 4 The exact (NH4)jS04 concentration cannot be 
standardized, as it depends on many factors, moludmg the 
catalase concentration , it is necessary to proceed empincally 
(of Herbert & Pinsent, 1948) 

Properties of the crystalline enzyme 

As already mentioned, the enzyme crystalhzes 
fi-om (NH 4 ),S 04 m fine needles Their refractive 
mdex IS very sinular to that of the mother liquor, 
which makes them difficult to photograph On 
dialysis for many weeks against distilled water the 
enzyme crystaUized m large irregular plates It is 
more difficult to crystallize m this way than bacterial 
catalase, electrodialysis would probably be more 


efficient (cf Bonmchsen, 1947) Solutions of the 
crystals m 0 06m phosphate pH 6 8 are reddish 
brown, and show absorption bands at 630, 644 and 
606 mp (Hartndge reversion spectroscope) Treat- 
ment with pyndme, sodium hydroxide and sodium 
hyposulphite produces the characteristic spectrum 
of pyndme haemocliromogen On treating with 
acetone hydrochlonc acid (cf Herbert & Pinsent, 
1948) the prosthetic group is spht off, and appears to 
consist entirely of haematm, no trace of bihverdih 
could be detected 

Tlie purest sample obtamed had a Kat f of 
63,000, and contamed 1 16 % haematm If this is 
the pure enzyme, the molecular weight is n x 66,000, 
where n is the number of haematm groups/molecule , 
for four haematm groups, the molecular weight 
would be 220,000 This sample was exammed m the 
ultracentnfuge by Cecil & Ogston (1948) who found 
it to consist m the mam of a homogeneous protem 
with a^dunentation constant of 11 26 x 10“*’ This 
18 m good agreement with the values of 11 2 x lO"*® 
for beef hver catalase (Sumner & Gral4n, 1938) and 
11 2 X 10-1* for frorse hver catalase (Agner, 1938) , 
Tills component accounted for 72% of the total 
refractive morement, and traces of another coloured 
protem were present m the ultracentnfuge photo- 
graphs Unfortunately some time had elapsed be/- 
tween the preparation of this sample and its ex- 
ammation m the ultracentnfuge, durmg which 
penod the activity had decreased from the onginal 
value of Kai -/ = 63,000 to 44,300, a decrease of 
29 % We suspect, therefore, that the coloured 
impunty present was denatured catalase 

A rough estimate of the minimnnn molecular 
weight from the sedimentation constant is 176,000, 
assummg a spherical unhydrated molecule If the 
molecule is not sphencal, which is certainly the case 
(Sumner & Prampton, 1940), the molecular weight 
would be higher It was unfortunately impracticable 
to perform measurements of partial specffic volume 
and diffusion constant 

DISCUSSION 

The results show that (withm the hmits of error of 
the various methods) human blood catalase has 
essentially the same Kat -f , haematm content and 
molecular weight as other red ceU catalases, and hke 
them, has four haematm groups/moleoule The 
reason for the discrepancy between our results and 
those of Bonmchsen (1947) is not clear His pre-^ 
paxations, however, had about the same Kat f /per- 
centage of haematm ratio as ours, although the 
absolute values of both were lower The simplest 
explanation would he that his preparations were not 
pure, we found several recrystaUizations necessary 
to obtam our purest enzyme Our method of purifi- 
cation IS simpler than any hitherto described, emd 
should be apphcable to the red cells of other species 
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Crysfcallme erythrocyte catalase may now be con- 
sideredTa readily available enzyme 

It IS mterestmg to calculate the catalase content 
ofthe human erythrocyte Tins is obtamed from the 
Kat f of the pure enzyme (63,000) and of washed 
red ceUs, which m two different preparations was 
found to be 101 and 166 Hence catalase accounts 
for about 0 16-0 26 % of the total dry matter of the 
human red blood corpuscle 

STIMMARY 

1 The isolation of crystaUme catalase from hu m an 
red cells is described The method is simple and the 
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yield of crystaUme enz 5 me is about 26 % of that 
present m the red ceU 

2 The crystaUme enzyme had a Kai f of 63,000 
and a haematm content of 1 16% The sedimen- 
tation constant was 11 26x10“^’ The molecular 
weight was calculated to be 220,000 from the 
haematm content There are four haematm groups/ 
moleoule , no verdohaematm is present 

Onr thanks are due to Miss M Maokay of the Medical 
Research Council’s Blood Products Research Group, for 
kindly supplying ns with large amounts of human red 
cells 
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Examination of CrystaUme Catalases m the Ultracentrifuge 


By R CECIL Airo A G OGSTON, Department of Biodiemtstry, Unxveretty of Oxford 


{Received IS January 1948) 


Three samples of crystalline catalase were 
supplied by Dr Denis Herbert (Herbert & 
Pinsent, 1948 a, b) They were esammed m 
a Svedberg oil turbme ultracentnfuge by the 



hydrogen phosphate 0 06 m, sodium dihydrogen 
phosphate 0 06 m 

The speed was approximately 1016 rev /see , and 
the wave length of hght used 620-680 m/i For the 


I 



Fig 1 Sample AI (bactenal catalase) approx 26 mm. after reaching full speed 
Fig 2 Sample AH (bactenal catala-e) approx 25 nun after reaching full speed. 

Fig 3 a Enthrocvte catalase immediately on reaching full speed, ahowmg heavier component 
Fig 36 Ervlhrocyte catalase approx. 25 mm after reaching full speed. 

Ao/r The diOereut appearance of the meniscus m Figs 1 and 2 was due to the use of 
a layer of paraffin m these two runs 


method of Philpot (1938) Tlie solutions all con- 
tained npproximntclj 0 6% catalase m a buffer 
of composition sodium chlonde 0 2 m, disodimn 


calculation of the sedimentation constants, the 
partial specific v olumo was taken as 0 73 ml /g 
(Sumner & Graldn, 1938), 
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Bactenal catalase {frotn BLcrococcus lysodeikticus) 

Sample A I Tliis had an actmty corresponding to 
aKat f of 99,000 (Herbert, private communication) 
It gave a smgle homogeneous component nith some 
heavier and lighter impurities (Fig 1) The (corr ) 
■was 11 Ox 10~'^, and mtegration of the boimdarj’' 
gave 85 % of the mitial refractmg material 

Sample All Tins "was another preparation of 
shghtly lower actmty, Kat -f = 90,000 (Herbert, 
private communication) It also gave a smgle homo 
geneous component ■with heaner and hghter im- 
purities (Fig 2), but mtegration ga\e onh 70% of 
the mitial refraetmg material The (corr ) was 
agam 11 0 x 10“i’ 

Human erythrocyte catalase 

A smgle sample ■was e^^ammed The Kat -f when 
first prepared was 63,000, but diirmg keepmg it 
dropped to 44,300 (Herbert, private communi- 
cation), suggestmg that some denaturation had 
taken place The sedimentation diagram was similar 
to that of the two premous samples except for a 
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larger proportion of the heavier impurity, possiblj 
denatured catalase This impurity can be seen 
clearlj’- m an earl 3 ^ photograph (Fig 3 a), but it dis 
persed as the run proceeded (Fig 36) suggestmg 
heterogeneity Some of the pigment was seen to be 
associated with it The S^q (corr ) of the mam com 
ponent was 1 1 2 x 10~^’ 

CONCLUSION AND STOMAEY 

1 The ultracentrifugal data suggest that, while 
none of the preparations is full 3 homogeneous, there 
18 m each case a mam component which is associated 
■with most of the pigment 

2 The sedimentation constants of this com- 
ponent m preparations from Micrococcus lysodeikti 
Cl/s and from human blood are similar (11 0 and 
11 2 X 10“'“respectivel3 ), though the absolute differ 
ence is probably outside the experimental error 

3 The \ alue of 1 1 2 x 10”^® for the sedunen 
tation constant of human blood catalase agrees ■with 
Agner’s (1938) \nlue of 11 2 x 10“^“ for horse h\er 
catalase and ■with f5umner 6L. Gral^n’s (1938) value 
of 11 3 X 10'^® for cow liver catalase 
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Studies in Detoxication 

17 THE FATE OF CATECHOL IN THE BABBIT AND THE 
CHARACTERIZATION OF CATECHOL MONOGLUCURONIDE 


By G A GARTON aud R T IVHLIAJMS 
Department of Biochemistry, University of Liverpool 

(Received 21 January 1948) 


The mam object of this mvestigation was to find 
out if conjugation of catechol occurs in vivo on 
one or both of its hydrox 3 d groups The study of the 
fate of catechol was also necessary because it had 
a bearmg on other problems being studied m tins 
laboratory, namely, the metabohsm of adrenahne 
(cf Dodgson, Garton & Williams, 1947) and of 
benzene (cf Porteous, Srmth & Wfihams, 1947) 
Despite the importance of catechol compounds m 
biochemistry, no significant study of the fate of 
catechol m the mtact animal has been made other 
than that of Baumann (1876) who showed that 


admmis'bration of catechol to dogs caused an m 
creased output of ethereal sulphate Howev’'er, 
numerous studies hav e been carried out in intro of 
the formation and oxidation of catechol by enzymes 
of the tyrosmase t 5 rp 0 (see renew by Nelson & 
Dawson, 1944) 

From a consideration of the structure of catechol 
and of the results of enzyme studies, it is clear that 
it may form m the body ( 1 ) an ethereal mono or 
disulphate or both, ( 2 ) a mono- or di glucuromde or 
both, (3) 0 benzoqumone by ©■^dation, (4) hydroxy- 
qumol (12 4 tnh 3 ''droxybenzene) and its conju- 
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gates, by oxidation, and (6) muconio acid by ring 
fission as suggested by Drummond <L Fmar (1938) 
These possibilities are formulated as follows 


oral dose is in the region of 200 mg /kg (Jlasing, 1882, 
Bneger, 1879) In our experiments catechol (Bntish Drug 
Houses Ltd , m p 103°), dissolved m water, was fed by 




where X=an ethereal sulphate or glucuromo acid 
group 

Evidence will be presented to show that themeta 
bohtes excreted are mainly the monoglucuromdo 
and monosulphate of catechol together with small 
amounts of conjugated hydroxyqumol 

EXPERIMENTAL 

Animals Giant chmchiUa rabbits were used and fed on 
a diet of 60 g Lever’s cubes and water dady unless other 
wise stated. 

The effect of catechol on rabbits Catechol is a relatively 
toxic substance For cats and rats an oral dose of 60 mg /kg 
18 lethal (Dietormg, 1938), whereas for rabbits the lethal 


stomach tube We found that m five rabbits 100 mg /kg 
had no apparent effect, at 175 mg /kg slight toxic effects 
were apparent, at 200 mg /kg the rabbits showed im 
mediate signs of distress such as rapid breathing and 
twitching, with occasional paralysis of the hmbs and 
squeaking After about 3 hr the ammals appeared to be 
normal One exjienment was earned out usmg a dose of 
260 mg /kg which was fatal withm 24 hr 

Quantitative results 

Ethereal sulphate and glucuronic acid outputs Ethereal 
sulphate excretion was detenmned by the method of 
Williams (1938) and glucnromc acid excretion accordmg to 
Hanson, Slills L Wdhams (1944) The results are given m 
Table 1 and Fig 1 illustrates a smgle expenment 



lig 1 Tlic effect of feedmg catechol (300 mg ) on the glucuromc acid and ethereal sulphate output of rabbit no 113 
(3 kg wt ) Upper curve, glucuronic acid lower curve, ethereal sulphate Dotted lines show average normal values 
for (A) glucuronic acid and (B) ethereal sulphate 


Table 1 The glucuronic acid and ethereal sidphatc excretion of rabbits receiving catechol orally 


Babbit 

M eight 

Dose 

no 


(mg) 

97* 

20 

202 

9b* cJ 

3 1 

322 

int2 

30 

300 

ir.ts 

20 

200 

117t? 

27 

270 


Normal \ alucs of 


Ethereal 

^ 

Glucuronic 

Extra 

ethereal 

sulphate 

acid 

sulphate 

(mg /dav) 

(mg /dav) 

(mg) 

28 5 



31 5 

28 6 

— 

64 2 

15 3 

141 

38 8 

— 

171 



— 

117 




Extra 

glucuronic 

acid 

% of dose excreted 

K 

! 

As 

As 

(mg ) 

sulphate 

glucuromde 

— 

10 7 

— 

— 

18 9 



412 

17 7 

77 9 

200 

— 

C07 

341 

— 

71 C 


• Pict, Wg Lever* cubes J- 100 g cabbage per diem^ * 

t Diet oOg Lever s cubes -^-Tvater utf /li* per diem 
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Table 1 Bhows that about 17-18% of the catechol fed is 
excreted as a sulphate and about 70% as a glucuronido, 
assummg that monoconjugates are excreted Furthermore, 
about 87-88% of the catechol fed can be accounted for by 
these conjugates excreted mthm 24 hr of dosing In the 
case of rabbit 113, it had been possible to cany out both 
estimations simultaneously and here the sum of the ethereal 
sulphate and glucuromde output is 95% Tliese results 
indicate that the mam bulk of the catechol fed is excreted 
conjugated A small amount of free catechol is also ex- 
creted which we assess at no more than 5 % , for we isolated 
about 2 % of the dose as denvatives of catechol (see below) 

The tsolatton of catechol mciabohtes 

(a) Catechol urine Rabbits receiving oral doses of 
catechol excrete a slightly alkalme unne, which is normal m 
colour but darkens on standing It gives the green colour 
charactenstic of free catechol with FeCl,, but does not 
reduce Fehbng's or Benedict’s reagents It gives a strongly 
positive naphthoresorcinol reaction 

(b) Detection oj free catechol Urme (550 ml m 24 hr ) 
from three ammals after the feedmg of a total of 0 08 g of 
catechol was acidified with a few drops of cone HCl, and 
extracted with ether for 1 hr in a contmuous extractor 
The ether was removed at 20° under reduced pressure 
leavmg 300 mg of a brownish gum This was dissolved m 
a few ml of 40 % (w/v) NaOH and benzoylated in the usual 
manner Repeated recrystallization of the product from 
96% ethanol yielded 10 mg (0 7% of dose) of catechol 
dibenzoate, m p 83°, or 84 5° mixed with synthetic matenal 
(mp 86°) 

(c) Isolation and characienzation of catechol monoglu 
curonide (i) Preparation pf the glucuromde gum A total of 
7 59 g of catechol was fed to 12 rabbits and a 24 hr urme 
(1760 ml ) collected The urme was clarified by centn 
fuging and made famtly acid (grey with congo red paper) 
by adding glacial acetic acid Saturated lead acetate 
solution (360 ml ) was then added and the precipitate 
filtered off The filtrate was mode famtly alkahne with a 
httle ammoma (sp gr 0 88) and treated with 200 ml 
saturated basic lead acetate solution The white precipitate 
was filtered oflf, washed well with cold water, made mto a 
t hin cream with water and the lead was removed com 
pletely with HjS The filtrate from the lead sulphide was 
taken to dryness tn vacuo at 45-50°, and there remamed a 
brown gum (12 6 g ) which showed a very shght reduomg 
action towards Benedict’s rehgent and contamed free cate 
chol as mdicated by its reaction with FeCl, The gum was 
taken up m absolute ethanol and on standmg overnight 
a sludge of morgamo matter separated This was removed 
by filtration and then the ethanoho solution was reduced 
to 30 ml in vacuo This solution was now poured mto 300 ml 
ether Most of the glucuromde remamed m solution but 
about 2 g of gummy matenal containing much morgamo 
matter were thrown out After removal of this, the ethanol 
ether solution was concentrated »n vacuo to a clear brown 
gum (10 g ) At this stage the purified gum gave a strong 
green colour with FeCl,, a strong naphthoresoremol 
reaction and reduced Benedict’s reagent very slightly 
Attempts to crystallize the glucuromde or to prepare 
crystalhne salts with benzylamme, o or p tolmdme or 
benzidme were unsuccessful 

(u) Removal of free catechol from the glucuromde gum 
The gum (6 g ) was dissolved m 76 ml water and the solution 
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was extracted mth 3 x 100 ml portions of ether The 
extract was dned with anhjdroiis NaA 04 and taken to 
dryness tn vacuo at 20° The semi crystalline residue 
(730 mg ) gave intense colour reactions for catechol but 
gave no tests for hydroxy qumol (see below) It was dis 
solved m 12 ml 2t, NaOH and immediately mixed with 
acetone (10 ml ) containing p toluenchulphonyl chlondo 
(1 g ) The mixture, which turned purple, was shaken 
vigoronsly for 15 min and then poured into 30 ml cold 
water The n hitc cry stallinc precipitate (300 mg , m p 169°) 
was collected and reciystaUizcd from absolute ethanoL The 
product formed colourless needles and was identified as 
catechol di p toluenesulphonale, m p 101° (Found C, 67 8, 
H, 4 0, S, 14 96 CjoHijOjS, requires C, 57 4, H, 4 3, S, 
16 3% ) This appears to be a new compound, an authentic 
specimen, m p 162—103°, and 161—102° when mixed with 
the matenal desenbed above, has been prepared m another 
investigation (Porteous A Williams, unpubhshed) The 
yield of catechol ester corresponded to 1 8% of the catechol 
fed 

(in) Conversion of the plticuronide pum info the methyl 
ester of gitaiacol tnaceiylglucuromde The solution after 
removal of catechol was token to dryness and the residual 
gum (6 2 g ) was dissolved m 30 ml absolute ethanol and 
treated with 250 ml of a saturated ethereal solution of 
diazomethane The mixture was kept at room temperature 
overnight A slight precipitate of inorganic matenal was 
removed by filtration The solution on evaporation melded 
a pale yellow gum Smeo the gum was acidic to htmus and 
mcompletely soluble m ether, the treatment with diazo- 
metbane was repeated and on removal of the solvents a polo 
y’ellow, neutral, ether soluble gum was obtamed This gum, 
which 18 presumably guaiacol glucuromde methyl ^er, 
could not be mduced to crystallize It was therefore dis 
solved m 10 ml pyndme followed by 16 ml acetic an 
hydnde and the mixture kept at room temperature over 
night On pourmg mto 60 ml ice water a serm sohd gum 
was precipitated. This gum was now exhaustively extracted 
with chloroform yielding an orange yellow solution which 
was washed twice with 2 n HCl, then twice with 10% (w/v) 
NojCOj solution and finally with water The washed 
solution was now treated with charcoal, filtered and dried 
over CaClj Removal of the solvent on the water bath left 
a clear yellow gum soluble in ethanol, acetone, ether and 
benzene but insoluble m water Crystallization of the gnm 
was achieved by dissolving m a mimmum of acetone and 
then addmg it to a large volume of warm water Any 
cloudmess was dispersed by addition of a httle acetone 
After standing several days at room temperature, erystals 
contammated with gum gradually appeared The ciystals 
were ogam recrystaUized from a large volume of acetone 
water (yield 2 83 g ) The compound was now easdy re 
crystallized (charcoal) from aqueous ethanol and formed 
thick colourless needles, m p 107° It gave the correct 
analysis for o melhoxyphenyltnacetylglucuronide methyl 
ester (guaiacol tnacelylglucuronide methyl ester) (Found 
C, 64 9, H, 5 5, OMe, 13 0 CjoHj.Oji requires C, 64 6, H, 

6 6, OMe, 141% ) = - 49 3° (c = l m ethanol) It 

gave a positive naphthoresoremol reaction for glucuromo 
acid on prolonged boiling (6 m in ) with the reagents 

(iv) Acid hydrolysis of the acetylated methyl ester Isolation 
of guaiacol The methyl ester (0 76 g ) was heated under 
reflux for 6 hr with 4 n HCl (60 ml ) and ethanol (6 ml ) 
The mixture, which smelt of guaiacol, was cooled and then 
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extracted with 3 X 76 mL portions of ether The combined 
ether extracts were extracted with small portions of 10% 
(w/v) NaOH solution {16 mb m all) This alhalme extract 
winch now contamed the guaiacol was shaken for 10 mm 
with 5 ml acetone containing 0-76 g p tolnenesulphonyl 
chlonde The restdtmg brown solution was poured mto 
200 mk water, but no sohd appeared The mixture was 
therefore heated at 60° for 1 hr when a white precipitate 
appeared After cooling, the precipitate (200 mg ) was col 
lected and repeatedly recrystalhzed from ethanol The 
product jfinally had m p 81—82°, and 82° mixed with 
authentic guaiacol p tolnenesulphonate, m p 82° (Found 
C, 60-3, H, 6-0, S, 11 66 Calc, for C„Hu 04 & C, 60 4, H, 
61,S, 116% ) The residual solution, after ether extraction 
of the guaiacol, gave a positive naphthoresoremol reaction 
and after neutralization reduced Fehlmg’s and Benedict’s 
reagents, thus showing the presence of glucuromc acid. 

{d) Deitdionofhydroxyqmnol (12 4 Inhydroxybenttne) tn 
catechol unne Other work m this laboratory (Porteous i- 
Wdliams, unpublished) had shown that benzene is con 
verted m the rabbit to hydroiyqumol and we beheve that 
this phenol is formed from benzene via catechol It seemed 
hkely therefore that on fee ding catechol itself some hydroxy 
qumol might bo produced. 

Hydroxyqumol can be readdy detected m the presence of 
catechol by two colour reactions 

(i) The sulphuric acid test If small amounts of hydroxy 
qumol are gently warmed with cone HtS 04 , an mtense red 
colour develops immediately Phenol, catechol, qumol, 
pyrogallol and phloroglucmol do not give colours with 
HjS 04 under these conditions, whilst resoremol gives a famt 
orange colour By this test small amounts of hydroxy 


peroxide free ether Catechol and hydroxyqumol were de 
tected m the extract up to 24 hr after begmnmg the ex- 
traction After 27 hr extraction neither catechol nor 
hydroxyqumol was detected The combmed extracts were 
evaporat^ to dryness in vacuo and yielded 2 42 g of semi- 
crystalhne material Catechol was removed by exhaustive 
extraction with dry benzene (4 x 40 mb) m which hydroxy- 
qmnol is msolnble Colour tests showed that the benzene 
extract contamed no hydroxyqumol and on evaporation it 
yielded crystallme catechol The residue (19 g ) after 
benzene extraction gave mtense colorations m the HjS 04 
and 2 6-dichloroqnmone chloroimide tests for hydroxy 
qumol, but attempts to obtam crystallme derivatives were 
unsuccessful The extracted urme was now warmed to expel 
ether and then made Sir with respect to HCb The mixture 
was boiled under reflux for 1 hr to hydrolyze glncuromdes 
After coohng, the urme was contmuonsly extracted for 
10 hr with peroxide free ether The extract contamed much 
catechol but no trace of hydroiyqumob All extracts were 
also tested for pyrogallol without positive results 

It can, therefore, be concluded from these exrpen- 
ments that, mthe rabbit, catecholis oxidized m small 
amounts to hydroxyqumol which appears m the 
ethereal sulphate, but not m the glucuromde, 
fraction of catechol urme 

DISCUSSION 

It IS clear from the above that the metabolism of 
catechol can he represented as follows 



qmnol can be detected readily m the presence of large 
amounts of catechol 

(ii) The 2 Q-dichloroquinone chloroimide test Traces of 
hydroxyqumol when added to 2-3 ml of a saturated 
aqueous solution of 2-6 dichloroqumone chloroimide give 
a red colour which is mtensified rapidly when the pH of the 
solution 18 raised to 8-9 bj the addition of small amounts of 
NaHCOj This reagent al^ gives colours with phenol (blue) 
and catechol (blue purple), but the hydroxyqumol colour 
is always dommant m a mixture at pH 8-9 (Porteous L 
Wilhams, unpubhshed) 

Eleven rabbits were fed a total of 6 36 g catechol (dose 
200 mg /kg ) and urme (21) collected over 24 hr The urme 
was clarified by centnfugmg and then made acid to htmns 
with a httlc ddute HCl It was then contmuonsly extracted 
for 6 hr with peroxide free ether The extract contamed 
catechol but no hvdroxyqnmol From this ao concluded 
that no hydroxyqumol was excreted m the ftee state 
Ether was now expelled from the urme by gentle warmmg 
on the water bath, and the urme then was made x with 
respect to HCl and heated on a water bath for 0 5 hr to 
hydrolyze ethereal sulphates but not glncuromdes The 
product was now subjected to contmuous extraction with 
Biochcm 1948, 43 


About 90% of catechol can he accounted for as 
catechol monoglucuromde, catechol monosulphunc 
acid, a small am mint of free catechol and traces of 
conjugated hydroxyqumol, and these are excreted 
withm 24 hr after dosing (see Fig 1) 

The free catechol actually isolated as its crystal- 
hne di p toluenesulphonate was 1 8 % of the dose 
and this must be considered as a minimum value 
owmg to the losses inherent m the isolation of a s mall 
quantity of such a phenol A figure of 6 % of the 
dose would no doubt be nearer the true value for the 
firee catechol excreted The catechol glucuromde 
excreted has been proved to be a monoglucuromde 
Methylation of the glucuromde (I) with diazo- 
methane mtroduced two methyl groups thus m- 
dicatmg the presence of two acidic groups m the 
molecule, i e one free phenohe OH group and the 
carboxyl group of glucuromc acid Methylation with 
diazomethane of the gummy catechol glucuromde 
did not yield a cry^stallme compoimd which could be 
characterized by meltmg pomt and optical rotation 


14 
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However, acetylation of the methylated glucuromde catechol , see also Ball & Chen (1933) and Florence & 
(H) yielded a crystalhne product, viz 0 methoxy- Schapira (1943) on dissociation constants) It is 
jAenyl 2 3 4 tnacetyl ^ d glucuromde methyl ester mterestmg to note that there are many instances 
(HI) Hydrolysis of this ester produced guaiacol known of compounds carrying two or more sirmlar 
(IV) characterized as its p toluenesulphonate The groups capable of conjugation tn vivo but m wluch 
isolation of guaiacol proves that the catechol glucu- conjugation occurs only on one of these groups, e g 
romde contams one free phenolic hydroxyl group orcmol (Sera, 1913, 1914), pliloroglucmol (Sera, 
and IS therefore a monoglucuromde 1914), phenolphthalem (Di Somma, 1940), stilb- 



We have not provided direct proof that the 
ethereal sulphate excreted is a monosuiphate but 
there is mdireot evidence that this is so Sulphuric 
esters of phenols are often extremely difficult to 
isolate from a complex flmd such as urme Both the 
mono- and di sulphuric esters of catechol have been 
prepared synthetically by Baumann (1878) who 
obtamed the mono ester as a crystalhne potassium 
salt and the di ester as an amorphous potassium 
salt Neither of these esters has been isolated from 
biological sources (cf Baumann & Herter, 1877-8) 
The mono ester gives a violet colour with feme 
chloride and such a colour can be obtamed with 
acetone extracts of catechol urme 

It can be argued on theoretical grounds that the 
formation of a disulphunc ester from the mono ester 
IS unhkely, smee catechol monosuiphate is a phenol 
canymg a strongly acidic group m the oiiho position 
The situation is similar to that found m sahoyho 
acid which does not form an ethereal sulphate m the 
rabbit (WiUiams, 1938) The reactivity of the free 
hydroxyl is suppressed for various reasons {ortho 
effect) by the adjacent strongly acidic group 
Furthermore, W illiams (1938) has shown that if, m 
an o substituted phenol, the substituent group is 
a neutral one, e g the — OCH 3 group m guaiacol and 
the — CHj m o cresol, then the extent of sulphate 
conjugation of that phenol is the same as found m 
phenol itself, 1 e c 19 % of the dose is excreted as 
sulphate Ass uming that catechol forms a mono- 
suiphate, the extent of its sulphate conjugation is 
18% (see Table 1), m complete accord with the 
assumption that the second OH group is aotmg as 
a neutral group There is also physico chemical 
evidence which suggests that the reactivity of one 
hydroxyl group m catechol may be suppressed (e g 
Pauling (1946) on hydrogen bond formation m 


oestrol, hexoestrol and dienoestrol (Hodgson, 
Garton, Stubbs & Wilhams, 1948), etc 

Although the mam fate of catechol m the rabbit 
mvolves conjugation only, it does undergo further 
oxidation to hydroxyqumol (1 2 4-tnhydroxyben- 
zene) Small amounts of conjugated hydroxyqumol 
were found m the urme, probably as an ethereal 
sulphate for it was only found m the ethereal 
fraction of the urme From studies tn vitro it has 
been shown that catechol is oxidized to hydroxy 
qumol by enzyme preparations contammg cate- 
cholase (see review by Nelson & Dawson, 1 944) Our 
results mdicate that this oxidation also takes place 
m the mtact animal However, it is not clear from 
our experiments whether the hydroxyqumol arises 
by oxidation of free catechol or of a catechol con- 
jugate It IS possible that it could arise by the ^ 
oxidation of catechol monosuiphate 

SUMMARY 

1 The fate of catechol m the rabbit has been 
studied At dose levels of 100 mg /kg , 70 % of orally 
administered catechol is excreted m 24 hr con- 
jugated with glucuromo acid and 18 % conjugated 
with sulphuric acid A small amount, c 2%, la 
excreted m the free state Some catechol is also 
oxidized to hydroxyqumol which appears m the 
urme as an ethereal sulphate 

2 The catechol glucuromde has been proved to bo 
a monoglucuromde, by conversion mto crystalhne 
o-methoxyphenyltnacetylglucuromde methyl ester 
which on hydrolysis yields guaiacol Evidence is also 
presented to show that the ethereal sulphate of 
catechol formed m the rabbit is a haonosulphate 

The expenses of this work were in part defrayed by a 
grant firom the Medical Research CounciL 
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Metabolism of Derivatives of Toluene 

1 THE METABOLISM OF ACETOTOLUIDIDES IN THE RABBIT 

By H G BRAY Aim W V THORPE 
DcpaHment of Physiology, Medical School, University of Birmingham 

{Received 2 February 1948) 


In an mvestigation of the metaboliBm, of the aceto 
toluidides, Jaffe & Hilbert (1888) found that all tlrree 
isomers -were omdized m the dog and rabbit p- 
Acetotolmdide -was shown to be converted almost 
quantitatively to p acetamidobenzoic acid m both 
animals, similarly, m acetarmdobenzoio acid was 
isolated as ametabohte ofm acetotoluidide audit was 
suggested that an ammocresol might also be formed 
o Acetotolmdide gave rise m the dog to a compound 
claimed to be a methylbenzosazolone The con- 
stitution pf this compound was not elucidated, but 
on treatment with ammoma m a sealed tube at 
130-140° it gave a compound melting at 148-150° 
which appeared to be an ammocresol Seven ammo 
cresols were known to Jaffe & Hilbert, but it is now 
apparent that the isomer they obtamed was m fact 
2 ammo m-cresol which was not agam described 
imtil 37 years later (Hodgson & Beard, 1926) The 
nature of the ammocresols formed as metabohtes of 
acetotoluidides was of mterest to us m view of the 
general rule concerning the position of entry of the 
h 3 ’^drox 3 1 group m biological hydroxylations which 
had been suggested by other mvestigations (e g 
Bray, Byman & Tlioipe, 1947, Bray, Lake, Neale, 
Tliorpe & Wood, 1948) Consequently, we have 
carried out a further mvestigation of the fate of 
these compounds m the rabbit and mcluded certam 
quantitatiie studies, the results of which are also 
reported here 


EXPERIMENTAL 
Materials and methods 

Materials The aoetotolmdides used m this study were pre 
pared by the aetion of acetic anhydnde upon the corre 
spondmg toluidmea (Light and Co Ltd ), the products being 
recrystalhzed from water The reference compounds, 2 
ammo 6 hydroxytoluene (6 ammo m oresol) and 6 ammo 2 
hydroxytoluene (6 ammo-o oresol), were prepared by the 
method of Noeltmg & Cohn (1884), which mvolves the 
reductive fission of azo compounds prepared from benzene- 
diazomum chlonde and the appropriate oresol The azo 
compounds were dissolved m 2n NaOH and reduced by 
means of Na ^04 The properties of the compounds obtamed 
agreed with those described m the hterature 

Diet and feeding The rabbits used were does of 2-3 kg 
weight A constant diet of rabbit pellets, with water ad lib , 
was given throughout the study, as previously described 
(Bray et al 1947) The acetotoluidides were administered by 
stomach tube as suspensions m water The p isomer showed 
no toxic properties at a dose level of 0 5 g /kg , but, smce at 
this dose level the m isomer was noticeably toxic and o- 
acetotolmdideshghtly so, these two compounds were usually 
administered at a dose level of 0 26 g /kg 

Estimation of diazoltzable material This was earned out m 
acetotolmdide urmes as collected, and after hydrolysis under 
the conditions desenbed by Bratton A Marshall (1939) 
Compounds which might theoretically be mcluded m the 
term ‘diazotizable material’ are ammocresols, with their 
glucuromdes and ethereal sulphates, tolmdmes, and ammo 
benzoic acids We found, however, that the two ammocresols 

14 2 
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isolated as metabobtes of o and m acetotoluidides gave no 
appreciable colour nnder the conditions of diazotization and 
conplmg employed, and so made no significant contnbubon 
to the colour developed mth either hydrolyzed or un 
hydrolyzed urme We were not able to isolate glncuromdes 
or ethereal sulphates of these compounds and their behaviour 
on diazotization and couphng is thus unknoivn Smce 
neither ammocresol is an o-ammophenol derivative, it ■would 
be expected that the colour given by the glncuromdes or 
ethereal sulphates would be similar to that given by the 
parent compounds However, these conjugates arc found 
only m unhydrolyzed urme, and the amount of diazotizable 
■material there is so small that it is m any case difBoult to 
decide which compounds are responsible In general, the 
colours obtamed could be matched ■with relative ease against 
the colour developed firom a standard solution of the cone 
spondmg animobenzoic acid The only diazotizable com 
pounds, which are likely to make a contribution to the 
diakotizable material m hydrolyzed urme, are the tolmdmes 
and the auunobenzoio acids The colours developed firom 
these two types of compound cannot readily be matched, 
whereas the colours developed from hydrolyzed urme could 
m the majority of cases be readily compared with an ammo 
benzoic acid standard This is mdirect evidence for the 
absence of an appreciable amount of toluidmes as is also 
the fact that there is reasonably good agreement between 
the results obtamed from diazo estimations earned out on 
hydrolyzed urme and from estimations of ether soluble acid, 
■which determme the totalacetamidobenzoio acids present less 
-the amount excreted as ester glucnromde While these facts 
do not provide final proof that unchanged acetotolmdides 
(or tolmdmes) are not excreted as such, they strongly suggest 
that this 18 the case Moreover, we were never able to isolate 
any of these compounds from acetotoluidide unnes 
Ammobenzoio acid solutions were used as standards in all 
diazo estimations A much longer time was required for 
maximum colour development ■with the o isomer than ■with 
the other compounds (Bray ei al 1948) 


1948 

Eslmalton of reducing substances The method used was 
that previously desenbed (Bray, Neale L Thorpe, 1940o) 
The estimation was earned out only on unhydrolyzed urme, 
08 ammocresols wore found to reduce the ShaSer Hartmann 
reagent and, in the case ofp acetotolmdide urmes, we have 
found that the results obtamed ■with urmes passed after the 
administration ofp ammobenzoic acid were nnrehable (Bray 
elaJ 1948) 

Estimation of ethereal sulphate The method of Fohn 
(1905-6) was used ns before 

Estimation of ether soluble acid The method used has 
already been desenbed (Bray ei al 1946 o) Under these 
conditions acctamidobenzoic acids may be quantitatively 
extracted and estimated Smce it ■was found that no phenoho 
matennl (1 e ammocresols or their acetyl denvatives) was 
extracted dunng this procedure, the results of these esti 
motions may be taken ns gimng the total oxidation to 
ace tamidobenzoic acid less that excreted os ester gluouromde 
The errors involved, owmg to the fact that unacetylated 
ammobenzoic acids are not quantitatively extracted at the 
pH used, are small smce the amounts excreted are very small 

RESULTS 

Quantiiative studies 

Excretion of normal metabolites On the diet used, 
it was found that the average daily excretion of 
ethereal sulphate ranged from 32 to 46 mg SO 3 , of 
ether soluble acid (calculated as hippunc acid) from 
709 to 913 mg , and of reduemg material (calculated 
as glucuromc acid) from 224 to 307 mg 

Metabolism of p-acetotolmdide The results of the 
estimations performed on p acetotolmdide urmes are 
summarized m Table 1 They strongly suggest that 
the oxidation top-acetarmdobenzoic aciti is -virtually 
complete, 96% of the dose bemg accounted for as 


Table 1 Metabolites of ^-acetotolmdide in the rabbit 


Percentage of dose excreted as 



Dose level 

Ether 

soluble 

Ester 

A 

‘Free’ 

ammo 

‘Total’ 

ammo 

\ 

Ethereal 

Rabbit 

(g /feg) 

acid 

glucuromde 

compounds 

compounds 

sulphate 

121 

05 

84 

62 

— 

92 

Nil 

167 

0 25 



— 

— 

— 

Nil 


06 



48 

03 



— 


06 



7 8 

08 

— 




06 

78 

11 6 

00 

100 



162 

06 



98 

1 0 

— 




06 

— 

70 

00 




163 

0 26 



84 

— 

— 

Nd 


06 



12 0 

1 0 

■ 

*■*“ 


06 



77 

08 

■ 

■ 


06 

80 

12 8 

1 3 

100 

* 

166 

06 

77 

63 

04 

83 

— ^ 

06 

80 

— 

1 1 

100 


166 

05 

77 

94 

03 

94 



170 

0 6 

78 

17 0 

03 

96 

— 


05 

— 

20 8 

09 

100 


Average 

— 

79 

10 0 

08 

96 

Nil 
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this compound by diazo estim^ition, and 88% as the 
sum of the ether soluble acid (78%) and ester 
glucuromde (10 %) p-Acetotolmdide causes no m- 
crease m ethereal sulphate excretion, as 'we antici- 
pated, smce HammerbEicher (1884) found the same 
for p tolmdme m the dog, and we showed that p- 
ammobenzoic acid bad no effect upon ethereal- 
sulphate excretion m the rabbit (Bray et al 1948) 
The amount of deacetylation which occurs is very 
small 


estimation Attempts to isolate this compound have 
been unsucScessful, possibly because of such m- 
stabihty A s imil ar result was observed, m the case 
of sulphapyridme, where there is no possibdity of 
the formation of an ester glucuromde, and yet un- 
hydrolyzed sulphapyridme urme had a reduomg 
value greater than normal It is possible that this 
may have been due to either (a) the mstabihty of 
the glucuromde of hydroxysulphapyndme, a meta- 
bohte of the drug (Bray, Neale & Thorpe, 19466), 


Table 2 Metabolites of m-acetotolutdide tn the rabbit 



Dose level 

Ether 

soluble 

Eabhit 

(g /kg ) 

aoid 

121 

0 26 

36 


0 26 

34 

163 

026 

30 


0 26 

34 

154 

0 26 

31 


0 26 

19 

167 

026 

49 


026 

48 


0 26 

42 

163 

0 26 

29 


0 26 

27 


026 

27 

173 

0 26 

24 


0 26 

37 


026 

31 


025 

27 

Average 

— 

34 


Metabolismofm acetotoluidide Table 2 summarizes 
the results'of estimations carried out on the urme of 
rabbits which had received m acetotolmdido Smce 
it IS concluded that the results obtamed from the 
estimation of total diazotizable material are due 
entirely to m ammobenzoio acid, 26 % of the dose 
appears to be oxidized to this compound, a value 
agreemg reasonably well with that obtamed from 
the estimation of ether soluble acid (34%) The 
value obtamed from the diazo estimation is probably 
the more accurate smce it does not mvolve ‘base- 
Ime’ values The results of the estimations of re 
duomg material are difficult to mterpret and are not 
mcluded In Table 2 In ten experiments the per- 
centage of m acetotolmdide excreted, apparently 
conjugated as ester glucuromde, ranged from 10 to 
26 (average 16 %) It is uuhkely that this is a true 
iTilue, smce the diazo values should mdicate the total 
extent of oxidation to m acetamidobenzoic acid, i e 
should approxunate to ether soluble acid plus ester 
glucuromde Three reasons may be suggest^ for the 
high reducmg values obtamed, but we have been 
unable to obtam direct proof of any of them (i) It 
IS possible that the glucuromde of 6 ammo in cresol 
may be unstable under the conditions used for 


Percentage of dose excreted as 


‘Free’ 

‘Total’ 


ammo 

ammo 

Ethereal 

compounds 

compounds 

sulphate 

03 

23 

— 

Tr 

27 

— 

— 

26 

— 

_ 

22 

_ 

— 

26 

— 

Tr 

28 

9 

Tr 

26 

— 

Tr 

26 

10 

Tr 

30 

— 

Tr 

18 

10 

Tr 

27 

_ 

Tr 

26 

10 


which might break down to glucuromc acid and 
hydroxysulpbapyndme, which is itself reducmg, or 
(b) reducing properties of the glucuromde itself, 
though these may have been due to [a) It may be 
significant that we were not able to isolate this 
glucuromde, m order to determme whether these 
suggestions have any foundation m fact (u) The 
second reason, which may be suggested to account 
for the highreducmg values, is that m acetotolmdide 
rmght have some effect upon carbohydrate meta- 
bolism A similar effect was observed m connexion 
with o acetotolmdide (see p 214), but we have been 
unable so far to study the problem further (m) 6 
Ammo o cresol reduces the Shaffer Hartmann re- 
agent, but, smce we have been unable to detect the 
firee compound m m eicetotolmdide urmes, it seems 
likely that it is only excreted m conjugated form 
Metabolism of o-acetotoliiidide This study gave 
results quahtatively s imil ar to those on the m- 
isomer It may be concluded from the diazo esti- 
mations (Table 3) that 6 % of the dose is oxidized to 
anthranihc acid This agrees reasonably well with 
the results obtamed from the determinations of 
ether soluble acid, though the latter cannot be 
regarded as precise smce 8% of a dose of 600 mg 
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Table 3 Metabolites of o acelotoluidtde in the rabbit 



Dose level 

Ether 

soluble 

Eabbit 

(g /kg ) 

acid 

121 

0 26 

36 


0 26 

34 

163 

026 

69 


0 26 

68 

164 

0 26 

18 7 


0 26 

16 8 

167 

0 25^ 

— 

163 

0 26 

— 

173 

0 26 

85 


0 26 

7 1 


0 26 

16 0 

Average 

— 

76 


corresponds to an amount of acid (68 mg luppunc 
acid) muoh less than the variations -which occur m 
the normal ‘ base hne ’ values Indeed, the excretion 
of ether-soluble acid m the 24 hr period after the 
admmistration of in-acetotolmdide was m some 
cases actually -withm the normal range Estimations 
of rednemg value earned out on unhydrolj'^ed 0 
acetotoluidide urme gave results correspondmg to 
conjugation of 25-68 % (average 42%) of the dose as 
ester glucuromde It seems unlikely, from the agree- 
ment between the results of the diazo estimations 
and determmations of ether soluble acid, that the 
reduemg value actually represents ester -glucuromde 
excretion, and the explanations suggested m the 
case of the m isomer may apply here also Free 6- 
ammo m cresol was not detected m o acetotoluidide 
urmes We were also unable to isolate a glucuromde 
m order to test the hypothesis based on its m- 
stabihty The fact that m one rabbit the mcreased 
excretion of reducing matenal (approximately twice 
the normal value) persisted for 4 days after dosing is 
in accordance -with the suggestion that the high 
reducing values observed are due to some more 
general influence upon metaboham, e g of carbo- 
hydrate In other rabbits the excretion of reduemg 
matenal was restored to normal durmg the second 
24 hr W^e were unable to detenmne the nature of the 
reduemg matenal excreted In none of the rabbits 
wasit accompamed by ketonuna, nor was it ferment- 
able by yeast We -were unable to isolate a crystalhne 
phenylosazone There was httle difference between 
the diazo results obtamed -svrth unhydrolyzed and by 
drolyzed urme The percentage of the dose excreted 
unacetylated was greater -with o acetotolmdide 
than -wnth the other isorfiers When anthramhe acid 
itself is administered, no acetylation appears to 
occur (Bray ef 1948) A considerable percentage 
of o acetotolmdide is hydroxylated andexcreted con 
jugated -with sulphate This is m agreement with 


Porcontago of dose excreted as 


‘Free’ 

‘Total’ 


ammo 

ammo 

Ethereal 

compounds 

compounds 

sulphate 

72 

04 

28 

62 

02 

— 

57 

69 

— 

60 

06 

— 

4 7 

03 



48 

68 

— 

— 

— 

30 

— 

— 

37 

82 

76 



56 

0 9 

— 

46 

6 1 

— 

66 

03 

32 


Hammerbacher’s (1884) observation that o tolmdme 
caused an mcreose m excretion of ethereal sulphate 
m the dog 

Qualitative studies 

o Acetotoluidide Tlie urme of rabbits which had 
received tlus compound (1 g each) was collected for 
24 hr after dosage, acidifled until cone HC1(0 Ivol) 
and contmuoualy extracted with ether for 24 hr In 
tins way a small amoimt of syrupy matenal (1 g 
from urme of five rabbits) was obtamed This gave 
a shghtly jiositive diazo reaction, which was muoh 
more mtense after acid hydrolysis From the syrup 
a small amount (10 mg ) of crystaUme matenal 
(m p 184°) was isolated, and shoxvn to be identical 
■with authentic acetylanthraniho acid (m p 186°) 

The unne was then acidified further -with 0 1 vol 
cone HCl and hydrolyzed by boihng for 1 hr The 
pH was adjusted to 8 and the unne contmuously 
extracted -with ether for 24 hr A dark syrup was 
obtamed which gave an mtense red-purple colour 
mtb feme chlonde Purification by dissol-vmg m 
water, treatment xvith charcoal and evaporation of 
the filtrate gave colourless needles, darkenmg m au, 
mp 178° alone or mixed xnth 0 ammo m cresol 
(m p 178°) This compound gives, on diazotization 
and couphng xvith dimethyl-a naphthylamme or N- 
(1 -naphthyl) ethylenediamme dihydrochlonde, a 
transient blue colour, but on long standing a -violet 
colour develops These colours are feeble compared 
with those obtamed from ammobenzoio acids and m 
solutions of 10-20 mg /lOO ml are almost neghgible 
The yield of 6 ammo m cresol cannot be defimtely 
stated Most procedures for isolation yielded about 
100 mg from a 1 g dose, but o-wmg to the great 
sensiti-vity of the compound to oxidation by air this 
does not represent the entire 3 neld In -view of its 
mstabihty it is reasonable to suggest that it is 
actually excreted as its N acetyl derivative, though 
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•we coAild not prove this directly, Giving to its feeble 
diazotization and poor coupling properties No free 
aininocresol was detected and no other metabohte 
•was isolated 

0 Acetotolmdide unne ga-ve a strongly positive 
naphthoresorcinol reaction and attempts were made 
to isolate a glucuromde (of Bray ct al 1947) These 
yielded only syrups -which could not be crystallized, 
but from which, after hydrolysis, 6 ammo m cresol 
was isolated 

m Acetotoluidide The method used for the isola- 
tion of metabohtes of this compound was essentially 
the same as -with the o isomer Extraction of the 
acidified urme yielded orystallme m acetaimdo- 
benzoic acid which was punfied by treatment -with 
charcoal and recrystaUization from water It melted 
at 248° alone or mixed with an authentic specimen 
(m p 248°) , yield, 20% of the dose Extraction of 
the hydrolyzed unne gave a crystalhne product, 
which after recrystaUization from benzene had m p 
174° alone or mixed -with synthetic 6 ammo o cresol 
Its identity was further confirmed by comparison of 
acetyl derivatives obtamed by the action of acetic 
anhydride at ordinary temperature These com- 
pounds melted at 178° alone or mixed together 
Yield, 30% of the dose As ■with the ammocresol 
from 0 acetotoluidide, it is probable that the acetyl 
denvative is the compound aotuaUy excreted, 

'P Acetotolutdide Extraction of acidified unhydro- 
lyzed unne enabled 70 % of the dose to be recovered 
as crystalhne p ewetarmdobenzoic acid No other 
metabohte ■was isolated 

DISCUSSION 

It can be seen that the results obtamed m this 
mvestigation confirm m general those of Jaflfe & 
Hilbert (1888) In addition we were able to show the 
formation from o acetotoluidide of anthramhc swsid, 
of which only smaU part is a excreted acetylated, 
6 Ammo 0 cresol was isolated from hydrolyzed tn- 
acetotoluidide unne In the rabbit o acetotoluidide 
gives nse chiefly -to 6 ammo m cresol, whereas it 
now appears that J aflfe & Hilbert found 2 ammo m- 
cresol to be the chief metabohte in the dog It is of 
mterest that we obtamed oxidation products of both 
these types from o anunobenzoic acid m the rabbit 


(Bray et al 1948), but we were unable to detect the 
■vicmaUy substituted compound here The con- 
figuration of the three ammocresols obtamed by us, 
or by Jaffe & Hilbert, are m accordance -with the 
general rule that the entering hydroxyl group takes 
up a position ortho or para to the ammo (or acet- 
amido) group already present (see Bray 1948) 

The formation of benzoxazolone or its denvatives 
tn VIVO IS of mterest To our knowledge only three 
such cases have been descnbed, -viz from acetamhde 
ando acetotoluidide (Jaffe &Hilbert, 1888), andfrom 
formanihde (Kleme, 1896-7) In aU these studies the 
experimental animal was the dog It would be of 
mterest to determme whether any other animal is 
capable of rmg formation of this type, smce o ammo- 
phenol compounds are common metabohtes of 
ammo compounds There is a possibihty^that the 
benzoxazolone denvatives formed may be artifacts, 
smce it 18 kno-wn that o ammophenol (or its hydro- 
chlonde) and urea give nse -to benzoxazolone when 
heated together at a high temperature (Sandmeyer 
1886, Williams, 1947) In aU three instances where 
benzoxazolone was isolated the unne was first 
evaporated to dryness Whether this treatment is 
drastic enough to deacetylate the o ammophenol 
denvative and then condense it -with -urea appears 
doubtful, but this question is under mvestigation 

The quantitative results show an mterestmg 
gradation m metabohc beha-viour, as can be seen m 
Table 4 

It IS probable that the N acetyl group mp acetoto- 
luidide remains mtact throughout metabolism, smce 
the degree of acetylation of thep anunobenzoic acid 
excreted (at least 88%) is very much greater than 
when this acid is itself mgested (4^21 %, Bray et al 
1948) It IS not possible -to say, -with any certamty, 
whether this applies also to the other acetotolmdides, 
smce' other metabohtes are also formed 

SUMMABY 

1 The metabohsm of o , m andp acetotolmdides 
m the rabbit has been studied 

2 o Acetotolmdide 18 partly oxidizedtoanthraniho 
acid (6%) and acetyl anthramhc acid (1%), a con- 
siderable part of the remamder appears ■to be con- 
verted to 6 ammo m cresol, which has been isolated 
This latter compound is probably excreted as its 


Table 4 Summary of metabolites of acetaloluidides tn the ra66vt 
A-verage percentage of dose excreted as 


Isomer 

Ether 

solnble 

Ester 

‘Free* ‘Total** 

djaxotizable diaiotizable 

Ethereal 

acid 

glucuromde 

material 

material 

- sulphate 

ortho 

8 



66 

6 

32 

meta 

31 

— 

Tr 

25 

10 

para 

79 

10 

08 

96 

Nfl 


• Assumed cqmvalent to total oxidation of CH, 

group 
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N-acetyl derivative conjugated with glucuronic acid 
and sulphate The extent of sulphate conjugation 
corresponds to 32 % of the dose 

3 The metabohsm of wi-acetotoluidide is similar to 
that of the ortho isomer, 26% is oxidized to the 
corresponding N-acetamidobenzoic acid, and the 
only other metabohte detected was 6 ammo o cresol 
which has been isolated This is probablj^ excreted 
as its N acetyl derivative conjugated i\ith glucu- 
romc acid and sulphate ,10% of the dose is excreted 
as an ethereal sulphate 


1948 

4 j) Acetotoluidide is mrtually completely oxi- 
dized to p acotamidobenzoic acid, 10 % bemg ex- 
creted as ester glucuronide There is no conjugation 
mth sulphuric acid 

6 o and m acetotolmdides cause an abnormally 
high excretion of reducmg matenal m urme The 
reason for this has not been deterrmned 

The sulphate estimations were earned out by Jlr P B 
Wood, to wliom the authors’ thanks are due We are also 
indebted to the Ro^ al Sociotj for a Government Grant which 
dofraj cd part of the cost of the investigation 
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Mycophenohe acid, Ci,H2oOg, was first named and 
isolated fi'om cultures of PeniciUium stoloniferum 
Thom by Alsberg & Black (1913), although Gosio 
(1896) had reported an unnamed crystaUme meta 
bohe product of ‘P glaucum’, to which he assigned 
the formula C9H10O3, which is probably identical 
with mycophenohe acid Clutterbuck, Oxford, 
Raistnck & Smith (1932) isolated mycophenohe 
acid, together with other phenohe compounds, from 
the culture filtrates of twelve species or strains m the 
P brew, compactum senes, to which P stoloniferum 
Thom belongs, and Clutterbuck & Raistnck (1933) 
reported an extensive chermcal mvestigation of this 
substance 

Gosio (1896) demonstrated that his substance, 
CjHioOg, suppresses the growth of the anthrax 
bacillus, so that it appears probable that myco- 
phenohe acid, although of relatively low potency, 
was the first antibiotic of fungal ongm to be obtamed 


m crj^alhne form More recently, Florey, Gilhver, 
JenmngB & Sanders (1946) mvestigated its anti- 
bactenal action agamsc a number of animal and 
plant pathogens and also agamst a number of sapro 
phytic and pathogemc fungi They showed that it is 
more effective agamst Gram positive than agamst 
Gram negative bactena and that its activity agamst 
staphylococci vanes greatly with the number of 
organisms used for the moculum This ‘moculum 
size’ phenomenon was thoroughly mvestigated by 
Abraham (1946) 

Clutterbuck & Raistnck (1933) established, inter 
aha, the following facts bearmg on the constitution 
of mycophenohe acid 

(1) It 18 optically maotive 

(2) The SIX oxygen atoms are present m the mole ^ 
cule m the following forms (o) One as a O CH, group 
On demethylation, normycophenoho acid, CjjHigOj , 
IS formed (6) One as a phenohe OH group, re 
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sponsible for tlie blue violet PeClj colour (c) Two 
as a COOH group (d) Two as a lactone ring, 

CO C 

(3) It contains the ahphatic grouping 

^)C=C^ 

(4) On fusion with ElOH, 1 6 diliydroxy 3 4 di- 
methylbenzene is formed 

(5) Its monomethyl ether, on protracted oxidation 
with alkahne KIMn 04 , gives the anhydride of 1 6 - 
dimethoxy 2 3 4 6 tetracarhoxybenzene (I) m good 

'yield. 



On the basis of these facta, and on others for which 
the ongmal paper should bo consulted, the structure 
(II) for normycophenohc swnd was advanced 



No evidence was available as to which of the two 
phenoho groups m (II) is methylated m myco 
phenoho acid itself 

We now present experimental evidence which 
necessitates modification and amplification 'of 
structure (H) and may be summarized as follows 

1 Ozonizatxon of mycophmolic acid, its monoTneihyl 
ether, and its monomethyl ether methyl ester 

CWoroform solutions of these three substances 
were ozonized, and, after decomposmg the resultmg 
ozomdes with water, the following breakdown pro- 
ducts were isolated 

(o) From mycophcnoltcacid (Ci,HMO,,with 1 OCH, 
group) levuhc acid, CHj CO CH^ CHj COOH, and 
an aldehyde CijHi.Os, contammg 1 OCHj group, 
ginng the same FeClj reaction as the parent sub 
stance, and not extractable from chloroform with 
aqueous NaHCOj 

(6) From mycophcnohc acid monomethyl ether 
(C 18 H..O 4 , wath 2 OCHj groups) levuhc acid, an 
aldehyde, CijHnOj, contaming 2 OCH, groups, 
M Inch will be dealt -with more fullj later, and a small 


amount of the correspondmg carboxyhc acid, 

CiaD-uOj 

(c) From mycophenoltc acid monomethyl ether 
methyl ester (CuHjiOo, with 3 OCH 3 groups) methyl 
levulate,CH 3 CO CH. CHj COOCH 3 , and the same 
aldehyde CjjHuOj, containing 2 OCH 3 groups, as 
was obtamed by ozonization of mycophenohe acid 
monomethyl ether 

These findin gs clearly prove that mycophenohe 
acid contains (l)ahydroxyl group, directly attached 
to the nucleus, which can be methylated by diazo 
methhne and is therefore phenoho m nature, and 
( 2 ) a free carboxyl group m a side oham which gives 
rise to levuhc acid on ozonolysis of mycophenohe 
acid or its monomethyl ether and to methyl levulate 
on similar treatment of its monomethyl ether methyl 
ester 

The free COOH group attached directly to the 
nucleus m structure (Et) must, therefore, now he 
transferred to the end of a side cham of six or more 
carbon atoms mcludmg the CsHu residue, the nature 
of which was left undeterrmned by Clutterbuck & 
Raistnok (1933) 

H Molecular constitution of the aldehyde, CisHnOs 

The substance, CuHi^O, , obtamed by the ozono- 
lysiB of both the monomethyl ether and the mono- 
methyl ether methyl ester of mycophenohe acid, is 
a neutral substance and is a true aldehyde and not 
a kefone It gives tjppical aldehyde reactions, is 
oxidized by alkahne lodme to a carboxyhc acid, 
CuHijO, , and on heatmg with acetic anhydride and 
anhydrous sodium acetate it gives a mono enol 
acetate The important conclusion follows that m the 
aldehyde, C] 3 Hi 40 j , the CHO group is not attached 
directly to the nucleus but through an mtervenmg 
— CHj — hnk, the acetylated product having the 
form B CH CH O CO CH 3 This conclusion is con 
firmed by the fact that ozonolysis of the enol acetate 
yields an aldehyde, CuHjjOj , fission having occurred 
at the double linkin g 

Of the thirteen carbon atoms present m the 
aldehyde, CuH^Oj, six are present m a benzene 
ring, smee permanganate oxidation of mycophenohe 
acid monomethyl ether yields the anhydride of 1 6 
dimethoxy 2 3 4 6 tetracarboxybenzene, structure' 
(I), two as OCHj groups and two as the group 
— CH. CHO, leaving tliree carbon atoms to be 
accounted for It follows from the structure of the 
aboi e anhydride (I) that each of these tliree carbon 
atoms must be attached singly to the benzene 
nucleus _ 

The nature of the groups m which each of these 
three carbon atoms is present maj now be con- 
sidered The aldehyde Ci 3 Hj 405 (.4) behaves as a 
neutral substance on titration with NaOH m the 
cold, hut as a monobasic acid on heatmg It is thus 
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probably a monolactone , Alkalme lodme converts 
it mto a compoimd C 23 HJ 4 O, (B) which stdl retains 
two methoxy groups but has lost its aldehydic pro- 
perties It titrates m the cold as a monobasic acid 
and on heatmg as a dibasic acid It is therefore a 
monobasic acid monolactone The disodium salt of 
(B), on oxidation with cold neutral aqueous KMn 04 , 
juelds a substance which, after subhmation m a high 
vacuum, has the empirical formula CjjHj.O, (C) 
Tlus substance still retains both OCH 3 groups, and 
titrates sharply m the cold as a tnbasic acid These 
facts can be most simply explamed b 3 ' postulatmg 
that (.4) contains the groups HCO CH. — and 

CH 

CO 

that m (B) the HCO CH» — group becomes 
HOOC CHn — and the lactone groupmg remams 
imchanged, that (C) still retains the group 
HOOC CHo — while the lactone rmg is opened m 
the sodium salt to ^rr 



COOH 


and oxidized and the rmg reclosed on subhmation to 
give the anliydnde rmg 



Thus we may conclude that two of the three carbon 
atoms m (A), whose nature is m doubt, ore \ncinal 
and m the form 

CO / 


The third carbon atom is present as a CHj group, 
smee the aldehyde C 13 HJ 4 OS (A) was shown by 
analysis to contam one carbon-methyl, CH 3 (C), 
group Mycophenohe acid itself weis shown to con- 
tam two carbon-methyl groups, the second one 
being the branched CHs group m the side cham m 
structures (IX) and (X) 

Smee the two methoxyl groups are attached 
directly to the benzene nucleus m the meta position 
to each other (Clutterbuck & Raistnck, 1933) the 
constitution of the CisHnOj aldehyde may therefore 
be written m the form 



and smee each of the four different substituent 
groups, two of them, viz 
—CO 
> 0 , 

— CH, 


vicmal, must be attached directly to the nucleus, 
there are only four possible isomers, (III), (IV), (\^) 
and (VI) 



E\idonce as to which of these four structural 
formulae most probabl 3 represents the structure 
of the aldeh 3 de CjjHj,©^, and hence part of the 
structiue of the monometh 3 l ether of m 3 'cophenohc 
acid from v Inch it is derived by ozomzation, is avail- 
able from a number of sources, all of which lend to 
the same conclusion 

(а) Ontheadditionofasuspensionof2 6 dichloro 
qumone chloroiimde to a solution of normyco- 
phenolic acid m sodium borate buffer of pH 9 2, at 
which pH the phthahde rmg wiU be opened and a 
COOH group liberated, a blue colour with a tmge of 
green is rapidly formed The rapid production of 
a blue colour by a substituted benzene compound is 
mdicative, accordmg to Gibbs (1927), of a free 
position para to a phenolic group, though according 
to Davidson, Keane & Nolan (1943) the reaction is 
also positive if the position para to OH is occupied by 
COOH Exammation of structures (DT), (H^J, (V) 
and (VI), assummg the OCH, groups to be replaced 
by OH groups as m normycophenohe acid, shows 
that only (IH) and (IV) satisfy the requirement of 
COOH para to OH 

( б ) Clutterbuck & Raistnck (1933) showed that, 
on fusion with KOH, mycophenohe acid yields 
1 6-dihydroxy-3 4 dunethylbenzene Hence, if one 
Ignores the possibihty of migration of substituents 
during potash fusion, two of the three substituents, 
CH„ CH,OH and CH. CHO, likely to gve rise to the 
two CH 3 -groups m the fusion product, must be 
vicmal This requirement also is satisfied only by 
(HI) and (IV) 

(c) One of the groups shown as methoxyl m (V) 
and (VI) IS represented by a free (phenohe) OH m 
mycophenohe acid itself As both methoxyl groups 
of (V) and (VI) are meta to the potential carboxyl 
group, the OH group of mycophenohe acid must also 
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be meta to the potential carboxyl if either (V) or 
(VI) IS correct Tins onentation would be unlikely 
to give nse to the intense violet coloration which 
mycophenolio acid gives with feme chloride, whereas 
the possible o OH group derivable from (HI) and 
(TV) would be expected to give such a colour 
(d) Of the four known pbthahdea 



[A) (Fntsch, 1897) and (B) (Charlesworth & 
Robinson, 1934) are readily oxidizable to the corre- 
sponding phthaho acid by means of aUsalme per- 
manganate, whereas (C) (Charlesworth, Rennie, 
Binder & Yan, 1945) and (D) (Mittar, Sen & Paul, 
1927 , Charlesworth et al 1946) are not so oxidized 
It appears that the presence of a substituent methyl 
group ortho to the potential carboxyl of the phtha- 
hde groupmg prevents oxidation If this is the case 
it would rule out formulae (V) and (VI) as possi- 
bihties for the Cjj aldehyde, smee (V) has a methyl 
group and (VI) a substituted methyl group ortho 
to the potential carboxyl, yet the product, after 
oxidation of — CHO to — COOH was oxidized by 
permanganate to the phtbahe acid 

The two most probable formulae for normyco- 
phenohe acid therefore become (VH), from (TTT), 
and (VlJ 1), from (IV) 



We have no experimental evidence capable of 
deciding between (VH) and (Vlli), but we are m 
chned to favour (VH), smee this structure contains 
a preformed CH3 group oriented towards the two 
OH groups as m 1 6 dihydroxy 3 4 dimethylben- 
zene, the potash fusion product of mycophenohe 
acid 

Finally, there arises the question as to which of 
the two OH groups m (VH) or (VJLLL) is methylated 
m mycophenohe acid itself We have stated pre- 
viously that normycophenohe acid rapidly gives a 
blue colour with 2 6-dichloroqmnone chloromude 
Under the same conditions mycophenohe acid gives 
only a very famt dirty yellow colour even on stand- 
mg We are aware of the dangers of mterpretmg a 
negative 2 6 dichloroqumone chloromude reaction 
(see Calam, Clutterbuck, Oxford & Raistnck, 1947), 
but, with this reservation, the choice of the hydroxyl 
group to be represented as methylated m myco 
phenohe acid has fallen on that para to a potential 
carboxyl group This choice is strengthened by the 
fact that an aqueous solution of mycophenohe acid 
gives with aqueous FeClj a strong violet colour 
somewhat similar to, but admittedly bluer than, that 
given by salicyhc acid Hence we beheve that the 
more probable structure for mycophenohe acid is 
(IX) and the less probable (X) 




It remains now to show that the experimental 
evidence obtamedby Clutterbuck & Raistnck (1933) 
can be explamed by the favoured constitution for 
mycophenohe acid In most cases this is self- 
evident, but two pomts caU for further discussion 

Titration values On titration to phenolphthalem 
m water with aqueous NaOH m the cold, myco- 
phenohe acid and its den\ atn es gave the followmg 
^titration eqmvalents 

{a) Xormj cophenohe acid, 155 6 Theor as a 
dibasic acid, 153 

(b) Hyeophenohe acid, 169 Theor as a dibasic 
acid, 160 
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(c) Jlycophenohc acid monomethjl etlicr, 332 
Theor as a monobasic acid, 334 

(d) Alonoacetj Imycophenolic acid, 301 Tlioor as 
a monobasic acid, 362 

On heatmg the cold titrated solutions inth excess 
of NaOH and back titratmg, m3 coplienohc acid and 
its monomethyl ether became full5 dibasic, wliile 
acet3^1mycophenohc acid became tribosic 

Tlie mteiprotation of these findmgs appears to bo 
as follows 

(1) Monoacet3 lm5"cophenolic acid is completel} 
hydrol3^ed with the formation of one molecule eacli 
of acetic and m3 coplienohc acids 

(2) M3 coplienohc acid monomoth3 1 other Smco 
there is no free phenolic OH group in this compoimd 
either before or after h3drol3^is, the ether bomg 
recoi-ered unchanged from the acidified 113 drol3’si8 
solution, it IS clear that the free carbo\3 1 group at 
the end of the long substituent cham titrates m the 
cold and that, on heatmg, the phtlmhdo nng 13 
opened and the COOH group thus liberated then 
titrates Tlie formation of a disilver salt, 

GisHji 03 {C 00 Ag )2 , 

mvolvmg the addition of the elements of water 
confirms this mew 

(3) M3’’cophenobc acid Two eyplanations seem 
possible (a) One eqmvalent of acid is due to the free 
termmal COOH group The second (partial) equi- 
valent m the cold is due to the partial, but almost 
complete, openmg of the phthahde rmg m the cold 
This, how ever, is contrary to the usual behaviour of 
the phthahde grouping (6) An alternative ex- 
planation is that the second (partial) equivalent m 
the cold 18 due to the acidity of the phenohe OH 
group It must then be assumed that, on hot alkahne 
hydrolysis, the phthahde nng is opened, and that 
the resulting formation of a nuclear carboxyl group 
has suppressed the ionization of the phenohe OH 
group, so that the latter has no longer a titratable 
acidity This view is confirmed by the fact that 
accordmg to Alsberg & Black (1913) mycophenoho 
acid forms two banum salts havmg the empmcal 
formulae (CjjHjgOjloBa and CijHjgOjBa The latter 
dibasic salt clearly arises without the addition of 
the elements of water, and hence, mferentially, 
without the openmg of the phthahde rmg 

The constitution of the alkaline permanganate oxida- 
tion product of mycophenolic acid monomethyl ether 

(Clutterbuck & Raistnck, 1933, p 669) 

This substance, which was isolated m good yield, 
has the empmcal formula CuHi40,(0CH^)2 It has, 
therefore, the same number of carbon atoms as the 
ether from which it is formed according to the 
equation 

Ci5Hi504(0CH3)j-(- 30 -> C4jHi40j(0CH3)j-(-Hj0 


Smee, unlike the parent ether, it does not im 
mediatol3 decolorize IvMn04 Jn the cold, it probably 
arises b3 oxidation at the double bond to the glycol 
form (requiring one 0), follow ed b3’’ lactomzation on 
subsequent isolation m acid solution, coupled with 
oxidation of the phthahdo to the phthahe anh3dnde 
(requiring two O), the product havmg the con 
stitution (XI) from structure (IX) or the corre 
spondmg structure deni ed from (X) 



It was found that the oxidation product, when 
dissolved m ethanol, titrated m the cold as a mono 
basic acid, but after alkalme h\ drol3Sis as a tnbasic 
acid A product of structure (XI), when dissolved m 
ethanol, should 3ield the mono acid mono ester 
derii ed from the acid anh3 dnde rmg Tins would 
then titrate m the cold as a monobasic acid, whereas 
tw o new acidic groups would be revealed on alkahne 
I13 drolysis, one by 113 drolysis of the ester groupmg 
and the other b3’’ the openmg of the lactone rmg 
This would also explam the fact that the substance 
was recovered rmchanged after acidifymg the 
h3’'cirol3?Bis solution 

EXPERBEENTAL 

A. Action of ozone on mycophenolic and and 
' Its derivatives 

In this senes of expenmen ts ozonized Oj was passed through 
a chloroform solution of the substance imtd a sample of the 
solution no longer decolorized a dilute solution of Br, m 
chloroform The chloroform solution of the ozomde was well 
shaken with its own volume of water, warmed to c 50° and 
again thoroughly shaken to decompose the ozomde Alter 
cooling, the water fraction was separated from the chloro 
form fraction and the frivo were worked up separately 
I Action of ozone on mycophenoho acid Mycophenoho 
acid (0 5 g ) m chloroform (25 ml ) was ozonized for 2 5 hr 
Walef fraction The solution was treated with NaHCO, 
(0 6 g ) and oontmnonsly extracted with ether On removal 
of the solvent only a trace of whitish residue remamed. The 
extraction was oontmued after acidification with 2 n-HjS 04 
The oil (0 18 g ) thus ohtamed was treated with 50 mL of 
Brady’s reagent (0 3% 2 4 dmitrophenylhydrazme in 2 n- 
HCl) An orange yellow crystalhne precipitate soon formed, 
m p 203-205°, raised to 205° after reciystallization from 
methanol, and not depressed on admixture with authentic 
levuhoaoid2 4-dmitrophenylhydrazone, m p 205-208° The 
substance is acid to htmus, and is readily soluble m aqueous 
NaHCO, to a golden yellow solution from which it separates 
on acidification as an orange flocoulent precipitate 
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OMoroJorm fraclion The chloroform solution rvns irnshed 
mth aqueous NaHCO, The acids 'ivcrc hbemtcd by acidift 
cation with 2 n H ^04 and extracted with other, yielding 
0-06 g of colourless crystallme solid whioh was not further 
eiammed The neutral fraction, after removal of chloroform, 
remained as a mixture fO 21 g ) of oiystals and oil It was 
washed with a httle ether to remove the oil, and tho re 
maining crystals, after recrystallization first from ether and 
then &om water, gave 0 07 g of short colourless rods, 
mp 162-163“ (Found C, 0123, 01 1,4, H, 5 12, 5 40, 
0CH„127,133 CuH,O4(OCHj)reqmresC,01 01,H,5 12, 
0CH„ 131% ) The substance gave a strong aldehyde 
reaction (Sduff), and gave m water and m ethqnol with 
FeCl, the same colour reactions as mycophenobo acid It 
dissolved readily m cold 2 n NaOH givmg an immediate 
yellow colour which became somewhat darker on standing 
The substance is therefore an aldehyde, CijHuOj , wuth one 
methoxyl group, and evidently the groupmg, a phenoho OH 
group, responsible for the FeClj reaction with mycophenobo 
amd, persists m its ozonolysis product 
n. Action of ozone on mycophenohe acid monomelhyl ether 
Mycophenobo acid monomethyl ether (1 0 g , m p 112“, see 
Clutterbuok & Raiatnck, 1933, p 058) in chloroform (50 ml ) 
was ozonized for 2 26 hr A total of 6 30 g of the- ether was 
ozonized 


Water fraction The combmed water fractions were treated 
wnth an excess of Brady’s reagent givmg an orange crystal 
lae precipitate, 1 16 g , m p 201-203“ of levubo acid 2 4- 
dmitrophenylhydrazone A sample recrystallized fixim 
methanol m orange needles, m p 204-206“, was analyzed, 
ffonnd C, 44 38, H, 4 63, N, 19 05 CuHj.O.N,, i e the 
dinitrophenylhydrazone of CjH,Oj, requires C, 44 60, H, 

4 08, N, 18 9% ) 

Chloroform fraction The combmed chloroform extracts 
were wa^ed twice with 60 mb aqueous NaHCX)}, and this 
sstraot on acidification yielded 0 39 g of almost colourless 
crystals with some od On recrystallization fimm chloro 
form — flight petroleum colourless needles were obtamed, 
m p 163“, identical with the alkalin e lodme oxidation pro 
duct of the aldehyde C„H„05 (Found C, 69 06, 69 20, 
H, 6 17, 6 10 CijHnO, requires C, 68 64, H, 6 30% ) 

The bicarbonate-extracted chloroform solution, on re 
moval of the solvent, yielded an od which soon orystaUized 
On recrystallization from water a colourless ciyatalhne sobd, 
2 06 g , of constant m p 112“ was obtamed Concentration 
of the aqueous mother hquors gave a further 0 4 g , m p 107” 
The substance gives a strong Schiff reaction and is the same 
aldehyde, Ci.Hi.Oj, m p 112“ as was obtamed by the 
ozomzation of mycophenohe acid monomethyl ether methyl 
cater (see section AIH) 

Jfono-2 i-dinitrophenylhydrazone of the aldehyde CuHnO, 
■An ethanol solution of the CjjHjjOj aldehyde on treatment 
with Brady’s reagent gave an immediate precipitate which 
on recrystallization from methanol yielded deep yellow 
needles, mp 214“ (Found C, 63 42,H,4 34,3Sr, 14 0, 13 3, 
OCH„14 25 C„H,jO.N4(OCH,)jTeqmre8C,63 02,H 4 21, 
N, 13 0, OCH, 14 430 ) Tlie substance is insoluble m 
aqueous NcHCO,, KajCO,, cold NaOH or dUute ammoma, 
but dissolves slowlj m NaOH on heatmg produemg a brown 
solution Tho substance therefore, does not contam a free 
carboxyl group although it may have a lactone group 
Oxidation of the aldehyde, C,,H,,05, icith alkaline iodine 
Formation of a monobaeic acid monolactone, CjjHjjO, The 
aldeh-vdc C,jH„Oi (1 0 g ), was dismlved m methanol (6 ml ) 
by warming cooled and treated with 0 Iw lodme (200 mb) 


With vigorous shakmg 0 1 n NaOH (260 ml ) was added, and 
tho whole was well shaken untd all the od disappeared The 
liquid became colourless After 30 nun n HjSOj (25 ml ) was 
added and tho hbemtcd I, was titrated with 0 6 n Na^O, 
The colourless mixture was made aoid to Congo red and 
extracted four times with an equal volume of ether The 
ethereal extract was shaken with aqueous NaHCO, (20 ml ), 
and tho bicarbonate solution on acidification give colourless 
crystals, 0 24 g , m p 147“, which on reorystalhzation flxim 
other hght petroleum gave colourless feathery needles, m p 
161-162“ (Found C, 68 72, 68 60, H, 6 14, 6 20, OCH„ 
23 4 ChH, 04(OCH,), requires C, 68 64, H, 6 30, OCHj, 
23 3% ) 0 2023 g of the acid was titrated m the cold to 
phenolphthalem with 0 In NaOH requiring 7 62 mb corre 
spondmg to an equivalent of 269 C^jHnOj titratmg as a 
monobasic acid requires 260 A further 20 00 mb of 0 1 n 
N aOH was added and the solution was boded under reflux, 
with exclusion of CO,, for 2 6 hr A back titration used 
12 48 mb of 0 1 N H,S04 Thus the additional acid groups 
unmasked were equivalent to 7 62 ml 0 1b alkah A second 
aoidio group has thus been revealed by alkahne hydrolysis, 
the substance behaves as a mono acid monolaotone 

In a second oxidation experiment, m which a proper 
tionately much larger amount of methanol was nsed^ 
(C,,H,40, aldehyde, 0 26 g , methanol, 7 ml , 0 1 N I, , 60 mb , 
0 In NaOH, 76 ml ), the products extracted by ether, after 
acidification, were separated mto aoidio and neutral fiwotions 
by means of NaHCO, The acidic fraction yielded the acid 
CijHiiO,, mp 161-162“, referred to above The neutral 
fraction yield^, after several reorystalLzations from ether, 
large colourless prisms, m p 94-95“ (Found C, 69 88, H, 
6 92, OCH,, 33 1, 32 9 C]jH,0,(0CH,), requires 0, 69 98, 
H, 6 76 , OCH, , 33 2 % ) This product thus appears to be the 
methyl ester of the acid lactone Gj,Hj40j, m p 161-162“ Its 
formation must be due to the use of methanol to dissolve the 
aldehyde pnor to oxidation. 

Oxidation of the. monobasic acid monoladone, CuHuO, , mth 
KMn04 Formation of a tnbasic acid, Ci,Hj,0, The mono 
basio acid monolaotone CuHijO, (0 6 g ) was boiled for 1 6 hr 
under reflux with N NaOH (10 mb) and water (60 mb) to 
open the lactone ring When cold the solution was treated 
with a cold solution of KMn04 (0 4 g , eqmvalent to 2 atoms 
O) m water (60 ml ) The mixture was left for 3 days at room 
temperature The precipitated MnO, was removed by 
filtration The pale green filtrate was acidified to Congo red 
with H,S04 and extracted with ether On removal of tho 
solvent a sohd residue was obtamed, 0 66 g , whioh proved 
to be a mixture of substances It was fractionated by 
solution m water, neutralization with NaOH, and pre 
cipitation -with aqueous neutral lead acetate (10 ml of 
0 6 h) The white precipitate thus obtamed was ooUeoted, 
washed with water, acidified with H,S04 extracted with 
ether On removal of the ether the dry product (0-19 g ) 
obtamed was recrystaUized firom ether hght petroleum, 
giving 0 10 g of colourless slender prisms nap 161-162“, 
raised to 102 5“ by sublimation tn rocuo (Found C 65 80, 
H, 4 37 OCH, 23 0, neutralization eqmvalent m cold 96 8 
C„H,0,(OCH,), requires C, 65 71. H, 4 32, OCH,, 22 1%, 
eqmvalent titratmg as a tnbasio acid, 93 4 ) 

nr Action of ozone on mycophenolic acid monomethyl ether 
methyl ester Mycophenobo acid monomethvl ether methyl 
e3ter{6 0g),mp 68“(autterbnckARaiEtnck,1933,p 657), 
in chloroform (250 ml ) was ozonized for 10 hr 
Water fraction This fraction contamed very httle material 
givmg a precipitate with Brady’s reagent Its ether extract 



222 J H BIRKINSHAW, A BRACKEN, E N MORGAN AND H RAISTRICK 1948 


was split as m sections AI and All, by extraction with 
aqueous NaHCO^, into (o) neutral fraction, 02 g oil, 
(6) acid fraction, 0 16 g oiL Neither fraction was examined 
further 

Chloroform fraction The acid fraction, 0 12 g of oiystals, 
was not further exammed The neutral fraction, 6 4 g of oJ, 
was distilled »n vacuo and gave the following fractions 

Fraction 1, b p , 46-66°/l mm , 0 86 g , mobile hqmd 

Fraction 2, b p , 190“/1 mm , 0 96 g , viscous oil, de 
positmg crystals 

Fraction 3, b p , 196'’/ < 1 mm , 0 96 g , viscous oil, do 
jKDsitmg crystals 

Fraction 4, undistdled residue Some decomposition Not 
further exammed. 

Fraction 1 0 1 g treated with Brady’s reagent (60 mb) 
gave oiystaUme orange needles, 0 16 g , m p 137° It re 
orystaUized readily from ethanol m bnght-orange flattened 
needles, m p 137-138°, which did not depress the meltmg 
pomt of the mono 2 4-dmitrophenylhydrazone of synthetic 
methyl levulate, m p 139° (Found 0,46 66,46 69, H, 4 65, 
4 46, N, 18 3, OCH„ 10 1 CnHiiOjN 4 (OCH,) requires C. 
46 44, H, 4 66, N, 18 06 , 00H„ 10 0% ) 

Fractibns 2 and 3 were combmed and pressed on porous 
tne, givmg 0 87 g of colourless crystals, which after rcotystal 
lization from hght petroleum, b p 40-60°, or water gave a 
strong Sohiff reaction, and melted at 112° alone or m ad- 
mixture with the aldehyde CuHjiOj obtamed by ozomzation 
of mycophenohc acid monomethyl ether (see section All) 
(Found C, 62 16, 62 33, H, 6 76, 6 81, OOH,, 24 7, neutra 
liisation eqmvalent m hot solution, 240 CuH, 05 ( 0 CHj)j 
requires 0, 62 40, H, 6 64, OCH,, 24 S%, neutrahzation 
eqmvalent, titratmg as a monobasic acid, 260 ) It also gave 
the same 2 4-dmitrophenylhydrazone, m p and mixed 
mp 214-216° (Found C, 63 10, H, 4 31, OCHj, 14 2 
Cj7Hi, 0,N4(0CH3), requires 0, 63 02, H, 4 21, OCH,, 
14 4% ) 

B Acetylation of the aldehyde, CijHiiO, 
Formation of an enol mono-acetate 

The aldehyde, m p 112° (0 10 g ), was heated with 
anhydrous sodium aeetate (0 2 g ) and acetic anhydride 
(0 4 ml ) until the mixture began to boil and was then 
mamtamed at 140° for 0 6 hr There was only a slight dis 
coloration The mixture was poured mto water and stirred 
A white floeculent precipitate (0 08 g , m p 130-133°) 
separated Keorystallization from water and light petro 
leum, b p 80-100°, gave colourless needles, m p 140° 
(Found C, 6130, H, 6 70, CH, CO, 17 0, CH,(C),-10 6 
CuH,0,(0H,C0)(CH,), requires C, 61 66, H, 6 62, CH, CO, 
14 7, 2CH3(C), 10 3% ) The product gave no reaction with 
2 4 dimtrophenylhydrazme (Brady’s reagent) or with 
SchifPs reagent It is thus clearly an enol mono acetate of 
the CijHijO, aldehyde 

Ozontzalton of the enol acetate Formation of an aldehyde, 
CiiHijO, A solution of the enol acetate (0 2 g ) in ohloro 
form (20 mh) was ozonized for 46 mm After treatment with 
hot water the chloroform layer was separated, washed with 
a httle aqueous NaHCO, , dried with NajSO, and evaporated 
The oil (0 12 g ) Temammg partly crystallized tn vacuo The 
whole was crystallized from hght petroleum, b p 80—100°, 
and gave 26 mg of colourless needles, m p 118°, which 


were subhmed m a high vacuum givmg a colourless orystaUine 
sublimate mp 125-126° (Found C, 60 36, H, 4 92 
CiiHjjO, reqmres C, 61 01 , H, 5 12 % ) The product gave a 
precipitate with Bradj ’s reagent and a positn e reaction with 
SohiETs reagent 

The residual oil (90 mg ), recovered from the hght 
Iietroloum mother liquors, uas treated with ethanol (2 ruL) 
and Brady’s reagent (60 ml ) The crude red-orange 2 4 
dxnitrophenylhydrazone (116 mg ) was rccrystaUized from 
benzene, and gave 60 mg of red brown ghstonmg needles 
oontammg one molecule of benzene of crystalhzation On 
heatmg there was shght softemng at 212-214°, with fairly 
sharp meltmg at 228-230° with shght effervescence (Found, 
on air dried crystals C, 68 60, H, 4 61 , N, 11 8, loss m high 
vacuum at 100-110°, 19 7 C,,H„0,N4 C,H, requires C, 
68 30, H, 4 49 , N, 1 1 3 , loss 16 8 % Found, on crystals dned 
to constant weight C, 61 76, H, 3 96, N, 13 3 CijHjjOjN,, 
1 e dmitrophenylhydrazone of CijHijO,, reqmres C, 61 94, 
H,3 88,N, 13 46% ) 

C Colour reactions of mycophenohc and normyco 
phenolic acids imth 2 6 dichloroquinone chloroimtde 

A small amount of each acid was dissolved m 2-3 ml of 
sodium borate buffer, pH 9 2 To each solution was added 
two drops of a suspension of 2 6 dichloroqumono ohloroimide 
m water Mycophenohc acid gave a very famt dirty yellow 
colour, unchanged after 40 mm Normycophenohe acid 
rapidly gave a colour, blue with a tinge of green, mchning 
after 40 mm to purple A control experiment usin g buffer 
solution and qumone alone gave a very famt pmk unchanged 
after 40 mm 

D Carbon methyl group estimations 

(o) On the aldehyde CuH^O, Found 0^,(0), 4 76% 
C,,H, 40 j with one CH,(C) group requires 6 00% This 
corresponds to 79% of the theoretical for one CH,(C) 
group 

(6) On mycophenohc acid Found CH,(0), 6 67% 
CijHmO, lYith two CH,(C) groups reqmres 9 38 % This 
corresponds to 140 % of the theoretical for one CH,(C) group 
and to 70% of the theoretical for two CH,(C) groups 

SUMMARY 

1 Further degradative experiments have been 
carried out on mycophenohc acid, a metabohe pro- 
duct of species and strains m the PeniciUium brem- 
compactum Dierokx senes Tliese experiments con- 
sist mainly of a study of the products formed 
by the ozonolysis of mycophenohc acid and some 
of its methylated denvatives and breakdown 
products 

2 They lead to two possible structural formulae 

for mycophenohc acid, one bemg more probable 
than, and preferred to, the other Mycophenohc acid 
may be desenbed as 6 hydroxy 4 methoxy-3(or 6) 
methyl 6(or3) (6' carboxy-3' methylpent - 2' enyl) 
phthahde -- 
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It 18 now well eatabhshed that when dnodotyro 
sine 18 inouhated under mildly alkaline conditions, 
thyroxme IS formed (vonMutMnhecher, 1939 , Block, 
1940, Johnson & Tewkeshury, 1942, Harmgton & 
Pitt Rivers, 1946) , under the most favourahle con 
ditions, however, the yields of thyroxme are small, 
and a large proportion of the duodotyroame is lost, 
giving nse to tany hy products, morganic iodide and 
ammoma So far, no compoimd has heen isolated 
after such an mcuhation which would mdicato 
tlirough what mtermediate step thyroxme is synthe- 
sized, nor has the side oham, which is removed from 
one molecule of duodotyrosme during the couphng 
of two molecules to give thyroxme, or a recpgnizahle 
derivative thereof, heen isolated, although Johnson 
icTewkeahury (1942) claim to have detected pyruvic 
acid m the reaction mixture when thyroxme is 
formed under these conditions 

It seemed possible that further mvestigation of 
the products of alkahne oxidation of duodotyrosme 
might reveal some compKiund which would give a 
clue to the mechanism of the reaction It had been 
shown by Harmgton & Pitt Rivers (1946) that the 
pH at wluch duodotyrosme is mcubated exerts a 
marked effect both on the amount of thyroxme 
fonned and on the extent to which duodotyrosme 
itself 13 oxidized At a high pH (13 or 14) no thy- 
roxine was obtamod by these authors, but instead 
another ciystallme lodme eontainmg compound was 
isolated, which was not characterized at the tune 
Tins compound has now been re-exammed and has 
been identified as 3 6-duodo-4 hydroxy benzalde- 
hy do Further exammation of the products of m 
cubation of duodotyrosme at pH 10 has shown 
that at this pH the aldehyde is formed at the same 


time as thyroxme , at lower pH (7 8-8 8) none of the 
aldehyde is obtamed, while the yields of thyroxme 
are very small 

The simultaneous formation of 3 6 duodo 4 
hydroxybenzaldehyde and thyroxme from diiodo- 
tyrosme led first to the hypothesis that the aldehyde 
might be an mtermediate m thyroxme synthesis, and 
attempts were made to demonstrate this by m- 
cubatmg duodotyrosme m the presence of the alde- 
hyde, m the hope that mcreased yuelds of thyroxme 
might result These attempts have proved abortiv e, 
and m all the experiments done the yield of thyroxme 
was unchanged and the aldehyde was recovered at 
the end of the reaction Further, Dakm’s (1909) 
observation that 3 6 duodo 4 hydroxybenzaldehyde 
IS unaffected by alkalme hydrogen peroxide, while 
the dichloro and dibromo analogues give more or less 
good yuelds of the correspondmg qumols, has been 
confirmed Only under the most drastic conditions 
may the duodo aldehyde be oxidized, and the pro- 
duct of oxidation is 2 4 6 truodophenol These facts 
have, therefore, led to the abandonment of the 
hypothesis that the aldehyde is an mtermediate 
m thjToxine synthesis, and it is now thought 
that its formation from duodotyrosme is duo to 
a different mechanism from that which leads to 
thyroxme 

The mode of formation of 3 6 duodo 4 hydroxy- 
benzaldehj do from duodotyrosme is itself of some 
mterest It has been found that, when the aldehyde 
IS obtamed by mcubatmg duodotyrosme at pH 14, 
an amount of oxahc acid can be isolated as the 
calcium salt firom the reaction mixture which is 
molecularly eqmvalent to the amount of aldehyde 
isolated, this leads to the suggestion that -the 
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reaction entails, first, oxidation on the )S carbon 
atom of the duodotyrosme side cham Further, 
when duodotyrosme is incubated at pH 10, with the 
simultaneous formation of thyroxme and the alde- 
hyde, oxalic acid is again obtained In this instance 
the amoimt of oxalic acid appeared, m two experi- 
ments, to be molecularly eqmvalent to the sum 
of th5Toxme and diiodo p hydroxybenzaldehyde 
isolated This obsen'-ation suggested that the alde- 
hyde and thjTOxme might be obtamed by a me- 
chamsm whose imtial steps were similar, but which, 
under the influence of pH or other factors (Pitt- 
Rivers, 1947), led to different end products Even if 
we suppose that the apparent equivalence, men 
tioned above, of the oxalic acid formed with the 
sum of aldehyde and thjTOxme produced at pH 10 
IS a genuine phenomenon, the observation is of httle 
vmlue m relation to the essential question of the 
form m which the side chain of one of the reactmg 
molecules of duodotyrosme is elimmated, oxalic 
acid IS the common end product of oxidation of 
many 2- and 3 carbon aliphatic compounds, and m 
the present experiments its appearance could be 
explamed equally well by the stepwise degradation 
of the side cham mvmlvTug primary scission of the 
two termmal carbon atoms, or by secondary' oxida- 
tion followmg elimmation of the whole side cham as 
a 3 carbon fragment 

From what has already been said, it appears that 
the formation of 3 6 diiodo 4 hydroxybenzaldehyde 
from duodotyrosme depends upon a certam degree 
of alkahnity, and m this connexion the formation of 
acid-msoluble lodme contauung compounds other 
than thyroxme durmg the preparation of artificial 
thyroprotems is called to mmd 

During the preparation of such protems by the 
method of Ludwig & von Mutzenbecher (1939), later 
developed by other workers (Rem eke & Turner, 
1942, Pitt-Rivers & Randall, 1946), the mitial pH 
of the protem solution m bicarbonate buffer is about 
8 and may rise to 9 durmg the lodmation , it may also 
be remembered that Deanesly & Parkes (1946) 
showed that the method of assay as used for thyroid 
powder (determmation of the acid insoluble lodme 
content) cannot be apphed to the artificial thyro- 
protems, smce they contam large amounts of acid- 
insoluble lodme conta inin g products which are 
biologically mactive The mactivity of 3 6 duodo- 
4 hydroxybenzaldehyde as measured by the tad- 
pole metamorphosis test, together with the effect 
of alkahne conditions on aldehyde production from 
duodotyrosme, suggested that this aldehyde nught 
be isolated from the products of baryta hydrolysis of 
such a thyroprotem This has proved to be so, and 
m one instance the amounts of aldehyde and 
tTiyro xin pi isolated were m the ratio of 10 1 No 
aldehyde has been isolated followmg baryta hydro 
lysis of desiccated thyroid powder 
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The instability of duodotyrosme itself is so great 
that it does not permit readily of its use m deter- 
mmmg m what form the 3 carbon side cham is 
elimmated durmg thyroxme synthesis In a further 
attempt to elucidate this pomt, a method of 
stabilizing the side chain has therefore been sought, 
and it vas thought probable that acetylation of the 
ammo group might achieve this result Prelmimary 
experiments on the alkahne incubation of N acetyl 
L duodotyrosme m solutions with a pH range of 
7-8 6, followed by alkalme hydroljmis and butanol 
fractionation of the products, led to the isolation of 
thyroxme m small yields Durmg these mcubations, 
however, it was noticed that a crystaUme salt 
separated This proved to be the sodium salt of N- 
acetyl l thyroxme, and from it the free acid could 
be obtamed m yields of about 26%, calculated on , 
the amount of unchanged startmg material recover- 
able at the end of the experiments N-Acetyl l- 
diiodotjTosme has been titrated potentiometncally, 
and the pH optimum for acetyl thyroxme formation 
has been deterramed Acid hydrolysis of acetyl 
thyroxme m a mixture of acetic acid and concen- 
trated hydrochloric acid yielded l thyroxme with 
[a]^‘ —6 42° m 3% solution m a mixture of two 
parts ethanol and one part n NaOH 

In the thyroid gland itself, thyroxme must, m 
part, be formed from duodotyrosme molecules, 
which are jomed through both their ammo and 
carboxyl groups m peptide Imkage, it appeared, 
therefore, to be of interest to discover whether a 
duodotyrosme derivative, m wluch both these 
groups are blocked, would lead tn vitro to the forma- 
tion of a correspondmg thyroxme derivative, and 
N-acetyl-DL duodotyrosylglutarmc acid was pre- 
pared for this purpose Incubation of the acetyl 
peptide at pH 7 2m dilute sodium hydroxide solu- 
tion led to no insoluble salt of a thyroxme derivative, 
but alkalme hydrolysis of the reaction mixture did 
yield a small amount of thyroxme If the mcubation 
of the acetyl peptide were earned out at pH 7 2m 
baryta, however, a partly crystalhne banum salt 
separated which, after decomposition with acid, 
yielded N acetyl-DL-thyroxyl l glutamic acid This 
thyroxme derivative has been obtamed m yields up 
to 36 % net, and conversion of the duodotyrosme 
denvative to the thyroxme denvative is particularly 
good m this instance, gross yields bemg of the order of 
20 % Acidhydrolysis of acetylthyroxylglutamic acid 
led to the isolation of thyroxme and glutamic acid 

The good yields of acetylthyroxme and the acetyl- 
thyroxme peptide obtamed m these experiments, 
together with the relative fi:eedom of the reaction 
mixtures from tarry products, have led to the hope - 
that the duodotyrosme side cham which is detached 
nught be isolated, either as an acetamido com- 
pound or, after hydrolysis, as an ammo acid After 
2 or 3 weeks’ mcubation of acetylduodotyrosme m 
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baryta and removal of acetylthyroxme and of as 
much as possible of the startmg material, the 
residue was hydrolyzed ivith sulphuric acid and 
freed from duodotyrosme, iodide and sulphate The 
residual solution contamed an ammo acid (positive 
nmhydnn reaction) and chromatographic examma 
tion, kmdly earned out by Dr R L M Synge, re 
vealed m two separate expenments the presence of 
small amounts of alanme Further expenments are 
bemg earned out m an effort to isolate this ammo 
acid, and to discover -whether this represents the 
duodotyrosme side cham -which is spht off Sermo 
and glycme have been looked for, but Dr Synge has 
reported that there is no eindence of their presence 

EXPERIMENTAL 

Isolation and ideniificaiion of 3 5-ditodo 4 hydroxy 
bemaldehyde from h-diiodotyrosine after oxidation 
at pH 14 vnth HiO^ Qiot) 

L Duodotyrosme 2HjO (28 2 g ) was dissolved m a mixture 
of 12 ml lOl, NaOH and 100 ml 2 n NaOH, and heated on 
a boilmg water bath, 20 vol H,Oj (60 ml ) were added, and 
after the -vigorous reaction had subsided the solution was 
cooled and e-xtracted with an equal volume of n butanol, 
these operations were repeated three tunes The pooled 
butanol extracts were washed once -with half their volume of 
2\ NaOH and concentrated to dryness The crystaUine 
residue was dissolved m water (200 ml ) and acidified at the 
boding pomt -with 14 k HjSO, A white crystalhne pre 
cipitato immediately appeared which was collected, -washed 
-withwsteranddnedinuacimorerPjOs Theyieldwasl llg 
After reerystalhzation from benzene 0 71 g of the product 
was obtamed (prisms), and had m p 194-190° (decomp ) 
not depressed m admixture -with authentic 3 5 duodo-4- 
hydroxybenzaldehyde (Found C 22 0, H, 1 2, I, 68 0 
Calc for CiHiO.Tj C, 22 B , H, 1 07 , 1, 67 9 % ) 

Bediiclion of the above compound 0 42 g -was dissolved m 
7 ml K NaOH and 20 ml -water, and hydrogenated m the 
presence of 0 25 g palladized strontium carbonate At the 
end of 2 hr the reduction was complete and 40 ml of 
hydrogen had been taken up The reaction mixture was 
filtered, treated -with 1 4 ml 5x HJSO4 and concentrated to 
dryness The residue was crystallized from the mmimum 
amount of hot water The aqueous mother hquor -was agam 
concentrated to dryness and crystallized from water, 90 rag 
product were obtained -with mp 111-112°, and were re 
crj-stalhzed from water m needles -with m p 114—115° The 
addition of p hj dro-vybcnzaldchj de did not depress the 
melting point 

The product formed a semicarbazone with m p 218-220° 
which, -with p In dro-vybcnzaldehydc semicarbazone had 
m p 219-220° (Found N, 23 0 Calc for C,H,OjN, X 
23 7% ) 

Isolation of 3 5-dnodo 4 hydroxybcnzaldchydc and 
oxalic acid after incubation of 'L-diiodotyrosinc for 
14 dni/s at pH 14 

Duoilotvrosino 2II 0 (46 9 g ) was dn^olved in a mixture 
ofSOOml X XaOHand20ml lOx XiOH, and incubated for 
14 dais after which the solution was extracted once with 
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an equal volume of butanol After washmg the butanol 
extract -with about 50 mb x-NaOH it -was concentrated to 
dryness It yielded 0 308 g crvstalhne product -with m p 
184-190° (decomp ) -with previous darkening The product 
-was then extract^ repeatedly -with hot 20 % sodium meta 
bisulphite solution, decomposition of which, -with mmeral 
acid, gave 0 235 g of 3 S-duodo-d-hydroxybenzaldehyde, 
m p 198-200° (decomp ), the mixed meltmg pomt -with the 
authentic aldehyde was not depressed The aqueous firaction 
was freed from butanol by a short distillation under 
diminished pressure, and the pH -was brought up to 4 3 by 
addition of cone HCL The duodotyrosme which separated 
-was allowed to crystallize at 4° during 4—5 hr and was then 
collected, washed -with a httle -water and arr-dned He 
covered duodotyrosme, 44 8 g 

The filtrate -was brought to pH 6 5 -with NaOH and treated 
with 2 ml 6M-CaClt solution After a short time calcium 
oxalate began to separate, and crystallization was completed 
by Ica-vmg at room temperature for 15 hr The precipitate 
-was coUeoted on the centrrfuge, washed -with water and 
determmed by titration -with 0 Ik KMnO^ Oxahe acid 
found 47 mg The volume of the solution from which the 
calcium oxalate had separated was 860 mL Calcium oxalate 
IS soluble m water at 25° to the extent of 0 7 mg /lOO mb, so 
a correction for this was made bringing the oxahe acid to 
61 2 mg (0 57 mmob) The amount of duodo p hvdro-xy 
benzaldehvdo found (0 235 g ) was 0-63 mmob 

Formation of oxalic acid during incubation of 
duodotyrosme at pH 10 

(а) Duodotyrosme 2H.0 (46 9g ) wasmenbatedatpH 10 
as described by Harmgton i- Pitt-Bivers (1945) The 
butanol soluble fraction yielded acid msoluble matenal 
weighing 1 08 g This was extracted three times with about 
25 ml ether, then twice -with 20 ml ethyl acetate and agam 
-with ether The ether insoluble portion, on dissolvmg m 
boiling 0 1 K Na-CO, and working up ns usual gave 0 12 g 
thyroxme 

The ether ethyl acetate soluble portion after removal of 
solvent weighed 0 82 g Extraction -with hot 20% sodium 
metabiBulphite solution, until no further mntenal would 
dissolve, gave in all 0 40 g duodo p hydroxvbenznldehyde, 
m p 196-198° (decomp ) 

From the aqueous fraction, 41 68 g duodotyrosme were 
recovered 5 m CaCl solution was added to the filtrate and 
the precipitated oxalate -was collected redissolved m 
acid filtered from a small amount of bro-wmsh matenal, 
rcprccipitatcd, collected by centnfugmg and washed -with 
-water The calcium oxalate was then dissolved m n HjSO, 
and the solution was divided mto halves A determmation 
of oxalate b3 permanganate titration was made on the one 
half whde the other half was extracted manv times -with 
ether The ether extract on evaporating to drvness gave 
crystals which on rccrvstalhzation from -water had m p 100- 
101°, not depressed in admuxturc -with oxahe acid dihvdratc 
The permanganate titration showed that there -was present 
0 190 g calcium oxalate (1 46 mmol ) Thyroxine isolated 
was 0 12 g (0 155 mmol ) duodo p hydroxi benzaldehvde 
-was 0 46 g (1 23 mmol ) 

(б) A repetition ofthe above experiment on 35 2 g duodo 
tviusme 2HjO -with 1 days mcubation gave thvro-vme 
39 mg (0 05 mmol ), duodo-p hvdroxvbcnzahlehi de 0 28 g 
(0 75 mmob) and oxahe acid 0 78 g (0 87 mmol ) 


15 
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Incubation of dtiodotyrostne at pH 7 8 

This was dofie m exactly the manner described bj 
Hanngton &, Pitt-Rivers (1946) The butanol extract gave 
an acid insoluble crude product wcighmg 69 mg After 
extraction with ether, this fraction weighed 16 mg , firom 
which 8 mg pure thj’xoxme were obtamed The ether extract 
on bemg concentrated to dryness and treated ivith meta 
bisulphite gave no aldehyde which could be weighed, 
although a trace of material (less than 1 mg ) was seen m the 
acidified metabisulphite solution which crystallized in the 
charactenstic prisms of duodo p hydroxj benzaldehj do The 
recovered duodotyrosme weighed 8 09 g , which gave a net 
yield of thyroxme of 0 74% 

Products obtained from the hot jicroxide 
oxidation of duodotyrosme 

l.-Diiodotvrosme (23 5 g ) was dissolved in 0 90 x NaOH 
(99 mb) and heated on a boding water bath Butanol 
(160 ml ) was added, and then 20 vol HjO. (160 ml ) was 
added m portions with contmuous vigorous shakmg When 
there was no further effervescence the reaction mixture was 
cooled and the butanol layer separated This was repeated 
twice, usmg 260 mL butanol for the subsequent extractions 
The pH was kept just alkahne to phenolphthalcin through 
out the reaction by small additions of n NaOH , each butanol 
extract was washed vith 100 ml NaOH and the pooled 
washings were re extracted inth 250 ml butanol 
The butanol soluble fraction contamed 3 18 g of acid 
insoluble matenal This was extracted seventeen times by 
grinding with ether The ether insoluble portion gave 0 26 g 
thyroxme after purification through the sodium salt 
The ether extract was concentrated to dryness Repeated 
extraction with hot 20 % sodium metabisulphite gave 0 29 g 
of a ciystaUme compound, m p 198-199° (decomp ), mixed 
meltmg point with 3 6-duodo-4:-hydroxybenzaldehyde, 200- 
201° (decomp ) The residue after bisulphite extraction was 
steam distilled, the steam volatile matenal weighed 0 144 g 
and had m p 164-166° not depressed by mixmg with 2 4 6 
truodophenol (Found I, 80 6 and 81% on dupheate 
analysis Calc for CjHjOIj I, 80 7 % ) 

The aqueous residue after butanol extraction was added to 
the butanol washmgs and acidified at the boihng pomt A 
dark brown tar separated which sohdrfied on coolmg, it was 
ground with water, collected and dried, and weighed 7 46 g 
It contamed no steam volatile matenal 

The tar (5 g ) was dissolved m N K.OH (166 ml ) and 
reduced with hydrogen m the presence of palladized stron 
tium carbonate (16 g ) At the end of the reduction the 
solution was filtered ftom catalyst, concentrated to a low 
volume and acidified with 6ir-HCl, 0 76 g of insoluble 
matenal was precipitated and was extracted several times 
with ether The ether extract on evaporating to dryness gave 
a sohd residue which, on crystallization from water, yielded 
36 mg of a crystalhne compound with m p 208° The 
meltmg pomt of this eompound was not depressed by mixi ng 
with p hydroxybenzoio acid with m p 211-213° 

Of the onginal unreduced tar, 0 4 g was extracted with 
warm saturated sodium acetate solution. The extract was 
diluted with two parts of water and acidified at the boihng 
pomt with cone HCl Sheaves of needles separated on 
cooling and weighed 30 mg They had m p about 220° 
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(dccomp ) with loss of iodine above 200° illixed meltmg 
pomt inth 3 6 diiodo 4 hj droxybenzoic acid was not de 
pressed 

Preparation of biologically active lodinated casein and 
isolation therefrom of thyroxine and diiodo p 
hydroxybcnzaldehyde 

Casern (Kahlbaum nneh Hammarston) (60 g ) vas sus 
pended m water (21 )anddiBsolved'mththeaidof2x NaOH 
NaHCOj (16 g ) was added and the pH was brought back to 8 
by addition of 2 n HCl, 19 ml of a 4 lOx Ij solution were 
added over a penod of 2 6 hr while the solution was me 
chamcally stirred at 40° The temperature was then raised to 
between 60 and 70° and mamtamed there for 6 hr , at the 
end of which the pH was 8 9 (Bntish Drug Houses Ltd 
capillator) 

The lodmated casern was then precipitated by bnnging 
the reaction mixture to pH 4 by addition of HCl The 
separated protein was redissolved m the same volume of 
water by addition of alkali, reprccipitated with acetic acid, 
collected, washed inth about 460 ml x/700 acetic acid and 
nir dned After some accidental loss the yield was 38 g 
Of this preparation 36 g wore boded for 20 hr under 
reflux ivith 600 ml water and 200 g rccrystaUizcd Ba(OH) 
The hydrolysate was filtered hot, and the decomposed 
hanum salt was comhmed with the acid insoluble matenal 
m the filtrate This product weighed 0 82 g , it was extracted 
twice ivith ether, once with ethyl acetate and then three 
times agam inth ether The residue weighed 0 78 g , and 
3 nclded m all 108 mg pure thyroxme, from which the 
thyroxme content of the protem was 0 31 % Jhe pooled 
ether and ethyl acetate extracts were comhmed and 
evaporated to dryness, and the crystalhne residue was 
punlicd by extraction with hot 10 % sodium metabisulphite 
The crystalhne compound obtamed by decomposition of this 
extract weighed 16 mg and had m p 197-198° (decomp ) 
The mixed molting pomt with authentic 3 5-duodo-4 
hydroxybenzaldehydo was not depressed 

Isolation of 3 5 duodo 4 hydroxybcnzaldehyde from 
lodinated proteins with low biological activity 

The method was as follows 60-100 g protem were boiled 
with 20 parts 2 n NaOH for 18 hr , and then cooled, stramed 
through glass wool if necessary, and extracted once inth an 
equal volume of butanol The butanol fraction was worked up 
as desonbed m the previous hydrolysis 

lodinated casein (PB 11) D3’/6/829 contamed 8 9 % total I 
and 3 3% acid msoluble I (see Deanesly A Parkes, 1946), 
60 g yielded 23 mg of pure thyroxme (givmg 0 038 % 
thyroxme) and 46 mg (0 076 %) pure duodo p hydroxi 
benzaldehyde 

lodinated casein {PBO) DJ’/6/823 contamed 7 4% total I 
and 2 3 % acid msoluble I (see Deanesly A Parkes, 1945) 
Hydrolysis of 60 g of this preparation for 7 hr with 4x 
NaOH, followed by butanol extraction, yielded no thyroxme 
and only 6-6 mg pure aldehyde 

Hydrolysis of a mixture of lodinated caseins PBO 
and PH 11 with fractionation of acid insoluble I 
PB6 (60 g )+PB\\ (16 g ) were boiled under reflux for 
16 6 hr with 1 1 2 n NaOH After coolmg, the hydrolysate 
was extracted with an equal volume of butanol This gave 
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an acid msolublo precipitate of 1 05 g containing 27 8 % I, 
and after purification through the nsnal proceaaea gave 
thjTovino (3 0 mg ) and 3 6 duodo-4-hydroxybenzaldehyde 
(30 mg ) The aqueous fiaotion contamed 6 77 g acid 
insoluble material containing 5 61% I, from which no 
crystalline compound could be obtamed 
Under these conditions of hydrolysis, it therefore appears 
that (i) of the acid msolnble lodmo found (066 mg ) 60% 

IS not soluble m butanol, and (u) that of the butanol soluble 
acid insoluble lodme, less than 1 % could be accounted for 
as thyroxine, while 7 % was accounted for os duodo p 
hjdrosybenzaldehyde, 92% of this butanol soluble lodme 
was not charactemed 

Hydrolysis of desiccated thyroid powder BS 

Defatted thyroid powder (200 g ) was boded under reflux 
with 212k NaOH for 17 hr , and fractionated into butanol 
as desenbed above The acid insoluble residue from the 
butanol fraction weighed 5 0 g This fraction was composed 
loigclj of fat and was largely soluble m ether The ether 
soluble matcnal was boded three times with 20% sodium 
mctabisulphite solution, and each extract was cooled before 
filtering (smee the bisulphite compound of 3 6 duodo-4- 
hj droxybenzaldehyde is soluble in cold water, this pro 
ceduro did not nsk the loss of aldehyde) Decomposition of 
the bisulphite solution with mineral acid led to no msolublo 
matcnal, so that no aldehyde appeared to bo present Smee 
it was possible that the aldehyde might not bo extractable 
from the fat mth any case, about 1 mg authentic aldehyde 
was added to it one bisulphite extract easily removed it 

Eipenments on the incttbation products of 
H -acetyl h-ditodolyrosine 

N Acetyl L-dttodolyrosttic This compoundhasalready been 
prepared bj Myers (1932), but the method is not smtablo for 
latgo amounts Moreover, the compound is unstable and 
tends to become coloured dunng rccrystalhzation The 
folloMing method gn cs a product which may be used for 
incubation experiments without further ciystalhiation 
OX Diacetjl l duodotyrosmo (Mvers, 1932) (25 85 g ) was 
dissoUcd in 160 ml cold n JfaOH After 10 min. at room 
tempemturo, the solution ivas filtered diluted to COO ml 
with uatcr, warmed to 75° and acidified bj addition of 
170 ml N HClieithstimng, the product began to crystallize 
immediately and the solution nas then cooled rapidh to 0° 
After 2 hr in the ice chest the crjstols were collected, 
washed mtU water and dried in txicuo over PjOj, the yield 
was 22 5 g , m p 125°, [a]” +49 7° in 2% solution m 
NnOH (Found C 27 3, H, 2 0 I 52 0 Calc for 
4H,0 C, 2- 3, H, 2 5 I, 62 5% ) 

Apparent diasoemfion conelant of the dnodophenohe group 
of X-onh/l L diiodotyrofiiiie The monosodiura salt of A 
neclil I diiodotiTO’inc nas titrated potcnliomctncalh m 
0 05 m “oliition at 23 and 37’ At 23° the apparent pK was 
0 9'i , at 17 it M ns alsout 0 7 5, but at the higher temperature 
the compound was not stabk and the pK salues calculatod 
are not ns constant ns tlio'c obtained from the curve at 
21 Tins It suit IS in fnirh close agreement with the values 
ealculateil b\ Winnek A ‘'chmidt (1935) for the apparent 
dissociation constant of the diiodophcnohe group of diiodo 
t\TO iiientdiffirint tempemtiuxs Thesi authors found that 
the apparent pK caleiiinted from folubilita determinations 
\\a»l>‘i3atO C 4S at 25 nndCi45nt40’ 


Formation of thyroxine dunng aerobic incubation of h. 
acetyl irduodotyrosine rV Acetyl L-dnodotjTOsmo (9 5 g ) 
was suspended m 100 mL water, and dissolved by addmg 
37 ml K NaOH, the mitial pH was 7 6 After 14 days at 37° 
the reaction mixture was made 4 k with respect to NaOH 
and boded under reflux for 1 6 hr The cooled solution was 
ddnted with an equal volume of water and extracted twice 
with an equal volume of butanol Purification of the butanol 
soluble fraction m the usual manner (Hanngton Pitt 
Rivers, 1945) yielded 144 mg pnrethyroxme,6 25g duodo 
tyrosme was recovered from the aqueous fraction The net 
yield of thyroxme was therefore 4 7 % 

Effect of pH cm thyroxine formation X Acetyl l/-duodo 
tyrosme was dissolved in water and different amounts of 
aikah, the imtial pH of each solution being calculated from 
the titration curve After 14 days at 37°, the thvroxmc 
formed and residual duodot 3 rrosme were separated as 
described above The results are given in Table 1 


Table 1 Formation of thyroxine from H-acetyl i. 
diiodotyrosine incubated at different pS. 


Acetyl 

duodo 



Duodo- 

Net 

tyrosme 


Thyroxme 

tyrosmo 

yield of 

meubated 


isolated 

recovered 

thyroxine 

is) 

pH 

(mg) 

(g) 

(%) 

7 13 

7 15 

70 

2 67 

20 

65 

7 25 

122 

2 73 

43 

9 5 

7 45 

102 

5 58 

69 

9 5 

7 70 

144 

5 25 

47 

95 

80 

84 

0 96 

42 

9 5 

8 35 

74 

0 72 

34 


leolationofK-aceJyl L thyroxinefromtheaenbicincubation 
products of X-acetyl h-diiodotyrosine X Acetyl n-diiodo 
tyrosme (9 6 g ) was dissolved m 100 ml 0 05ii borate buffer 
at pH 7 0 and 17 8 ml 2 k NaOH, the imtial pH was 7 C 
After 2 daj-s at 37° a crystalhne sodium salt began to 
separate, and this slowly mereased m amount After 12 dai-s’ 
incubation, the sodium salt was separated on the centnfuge 
and washed with a little water Decomposition of this salt 
with dilute HCl led to the isolation of a crystalline compound 
wcighmg 290 mg Rccrystalhzation by the method of 
Ashlci L Hanngton(1929)gavcaprodnct which crystalhzcd 
m long thm pnsm? and which had m p 232-234° (decomp ), 
Wo +25 7 m 4% solution m a mixture of equal volumes of 
ethanol and N NaOH (Found I, 02 0 Calc for X acetvl 
thjTOxme, CijHuOsNI, I, 02 0% ) From the mother 
hquor 8 25 g A acetil iwluodotiTO'sme was recovered, the 
net jield of the aceti Ithnxixme was therefore 27 In 
cubations of A accUl L-dnodotyrosme in barjdn solution 
atpH7 0 led to the separation of the banum salt of 5 acetal 
L-thaTOxme in net anelds of 15-20 “o calculated on the 
recovered starting matcnal 

I, Thyroxine from X-acctyl i. thyrorinr 

A Acetvl L-thvroxine ( 1 04 g ) was boiled und'^r reflux for 
1 hr with 25 ml acetic acid and 15 ml cone HCl The 
solution was then concentrated to drvncsa, and the rc»idue 
was di“oh cd in boihng 0 1 N NajCO, from which the sodium 
salt of thiToxme separated After recn.talhzation, the 
thvroxmc weighed 1 25 g and had m p 232’ (decomp ) 

15 2 
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[a] j - 6 40“ in 3 335 % solution in two pnrts ethanol and ono 
part NaOH Since this rotation was considerably higher 
than that found for L-thjroxine by Hanngton Pitt-Rivcrs 
(1946), it was thought that the l/-thjwo"^ine obtained above 
might be contammated by a small amount of N acetjl n- 
thyroxme A second hydrolysis with the same acid mixture 
was done for 2 hr The L-thyroxme obtained had [a] - 5 42° 
in 3 28% solution m the same solvent Tlie specific rotation 
of the L thjToxine was then determmed m 3 25 % solution 
m a mixture of 24 g 0 5 k NaOH and 50 g ethanol, and was 
found to be [a] -4 02° This is m good agreement with 

the value obtamed by Foster, Palmer <5u Lcland (1930) for 
L-thyroxme from the thyroid gland, these authors found 
[a]^ - 4 4° m the same solvent 

Attempted identification of the side chain of dnodo- 
tyrosine which is eliminated during thyroxine 
synthesis 

N-Acetyl L-duodotyrosme (90 g ) was dissolved in 1 12 1 
ddute baryta solution contammg 1 78 eqmv Ba(OH)./mol 
acetyldnodotyrosine The mitial pH was 7 0 ns measured by 
cresol red (Bntish Drug Houses Ltd capillator) After 
3 weeks at 36° the banum salt of acctylth 3 Tx>xmc, which had 
separated, was collected on the filter, and after decomposition 
with acid 0 23 g acetylthyroxme were obtamed The mother 
hquor was just acidified with dilute H ^04 Much unchanged 
acetyldiiodotyrosme was precipitated together with BaS 04 , 
from which it was separated by solution m ddute alkah and 
repreoipitation with acid The recoiered acetylduodo 
tvrosine weighed 03 0 g , whence the not yield of acetyl 
thyroxine was nearly 22 % The filtrate was extracted with 
ether several times to remove some acetyldnodotyrosine 
which has a significant water solubihty It was concen 
trated somewhat and made 2> with respect to HjS 04 and 
boded under reflux for 1 hr to hydrolyze any acetyl ammo 
acid present The solution was then freed from H^O^ with 
Ba(OH)i and concentrated to about half its volume 
Addition of Ag 2 S 04 m excess precipitated the morgamo 
iodide hberated by decomposition of acetylduodotyrosme 
durmg the mcubation Sulphate ions were agam removed 
with Ba(OH),, and the filtrate was concentrated to 200 ml 
At this pomt, the HNO, reaction for o duodophenoho groups 
was positive, as was the ninhydrm reaction It was therefore 
suspected that dnodotyrosme was present, so the solution 
was treated with excess lead acetate and allowed to stand 
for 12 hr The bulky precipitate was then separated on the 
filter and the filtrate freed from Pb with HjS After concen 
tration to a small volume, crystals separated which had 
m p -215-216° (decomp ) These crystals gave positive run 
hydnn, MiUon and HNOireactions The mixed meltmg pomt 
with authentic L-monoiodotyrosme was not depressed The 
presence of this ammo acid is attributed to mcomplete 
lodmation of the tyrosme from which the N acetyl L-duodo 
tyrosme was prepared Smee monoiodotyrosme is a fairly 
soluble ammo acid, it was thought that its removal would 
best be effected by its hydrogenation to tyrosme, which was 
accordmgly done usmg palladized strontium carbonate as 
catalyst After the reduction the solution was acidified with 
HjS 04 and freed from iodide with Ag^Oj, it was then freed 
from sulphate ions, and concentrated to about 15 ml. After 
several days m the ice chest 0 52 g of tyrosme had separated 
This was removed, and the mother hquor (16 ml ) was 
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exammed by Dr R L ^1 Synge by paper chromatography 
The predommant ammo acid was alanmc, a little tjTOsme 
was also present Attempts to ciystalhze the alnmne by 
concentratmg the solution to a low volume and distilhng m 
ethanol were unsuccessful 

Inasecond experiment, 26 85g A’’ acetyl L duodotyrosmo 
were incubated at 35° in 416 ml baryta solution at pH 7 6- 
for 4 weeks At the end of this time 1 69 g acetylthyroxme 
were obtamed, and after removal of unchanged starting 
matenal (16 6 g ) the filtrate was treated as m the first 
oxpenraent No monoiodotyrosme was detected When the 
volume of the mother hquor had heen concentrated to 25 ml , 
this was agam examined by Dr Synge who found ns before 
that alnmne was the predominant ammo acid present 
Attempts to isolate alamne ns the azobcnzcnesulphomc acid 
salt also faded 

Experiments on the incubation products of 

m -acetyl-THj diiodotyrosyl l glutamic acid 

N Acetyl Dh-ditodolyrosyl Jj-glutamicacid 2 "Methv 14(3' 5' 
duodo-4' ocetoxy'benzyl) oxnzolono (Cell, Hanngton L Pitt 
Rivers, 1946) (16 5 g ) was dissolved m 120 ml acetone and 
mixed with a solution of glutamic acid (7 35 g ) m 100 ml 
L-NnOH After 12hr at room temperature 31 ml 2x NaOH 
were added to the solution to hydrolyze the O acetyl group 
After 1 hr acetone was removed under dimmished pressure, 
the solution was dduted with water and acidified with 
3 h HCl , the product, which crystallized m small pnsms, was 
recrystalhzed by dissolvmg m warm methanol and ddutmg 
with water to turbidity, the yield was 14 2 g (76% of the 
theoretical) The compound had m p 212-214° (decomp ) 
(Found 0,30 8, H, 3 47,1,40 9 CuHisOjNJj H.O requires 
C, 30 9, H, 3 22, I, 40 8% ) On attomptmg to dehydrate 
this compound by drying tn vacuo at 100°, about 5 % of its 
weight was lost, and there was some decomposition 

The isolation of N acetyl vi^thyroxyl l glutamic acid from 
the incubation products of the above peptide Someprehmmnry 
incubations were done on N acety Idnodotyrosylglutamio 
acid m dilute NnOH solution at pH 7 2 and hydrolysis of the 
reaction nurture yielded some thyroxme, however, no 
insoluble sodium salt of the thyroxme derivative separated 
durmg the mcubations N acetyl DL-duodotyxosyl L-gluta- 
nne acid (11 8 g ) was dissolved m 166 ml 0 341 u Ba(OH) , 
the pH was 7 4 ns measured with indicators After a few 
hours at 37° a partly orystalhne banum salt had started to 
separate and this greatly mcreased m the course of time 
After 4 weeks, the banum salt was coUected by filtration, 
washed with water and decomposed with ddute HCl The 
product (2 3 g ) was crystallized by dissolvmg m cold 
methanol and ddutmg with water to turbidity, and separated 
m mmute pnsms which had m p 190-200° (decomp ) 
(Found C, 27 8, H, 2 77, I, 62 5 N acelylihyroxylglutamic 
acid, a,Hjo08N,l4 H,0 requires C, 27 3, H, 2 3, 1, 62 6% ) 
Attempts to dehydrate this compound at 100° led to some 
decomposition and loss of lodme This thyroxme denvative 
does not form an msoluble sodium salt Of N acetyl dl- 
duodotyrosyl L-glutarmo acid 3 44 g were recovered from 
the mother hquor, whence the net yield of the thyroxme 
denvative was 36% 

Acid hydrolysis of N acetyl vij-ihyroxylglutamtc acid The 
peptide (1 93 g ) was boded under reflux for 1 5 hr with 
acetic acid (25 ml ) and cone HCl (16 ml ) The solution was 
concentrated to diyness and the residue was extracted with 
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dilute HCl The maoluble thyroxine ivaa collected and 
purified in the usual manner After crystalliiation tho yield 
ofthyroxmeiTaaOTTg anditlmdinp 235° (decomp) The 
filtrate u-aa concentrated to a loir volume and brought to 
pH3 2inthNHj Afleraahorttime.tnangnlarpnsmabegan 
to separate After 24 hr m the ice cheat these were collected, 
and the mother hquor iraa concentrated when more of the 
same crystals separated The total yield of this compound 
was 0 163 g After crystallization from water the compound 
had m p 204° (decomp ) Tho mixed melting pomt with 
authentio i/-glutamic acid was not depressed (Found C, 
40 9, H, 6-0, N, 9 7 Calc for CtHjO^N C, 40 85, H, 6 1. 
N,9 6%) 

DISCUSSION 

The isolation of the side chain of duodotyrosme as 
a 2 carbon residue (oxahe acid), after the formation 
of 3 6 duodo 4 hydroxy henzaldehyxie during oxida- 
tion at high pH values, suggests immediately the 
conclusion that the first step m the degradation of 
the amino acid side cham under these conditions 
entails oxidation on the ^ carbon atom, with the 
formation of 3 6 duodo 4 hydroxyphenylsenna By 
analogy -with the findmg of Bettzieohe (1925), that 
phenylserme is broken down m alkabne solution to 
give henzaldehyde and glycme, the aboxn hydroxy 
acid would, under the same conditions, give 3 6 
dnodo-4 hydroxybenzaldehyde and glycine 


OH OH 



Now it IS a little difficult to beheve that the 
glycme molecule thus produced would, under the 
mild oxidative conditions prevailing durmg aerobic 
mcubation at 38°, be oxidized quantitatively to 
oxahe acid (cf Dakm, 1906-6, on the formation of 
glyoxyhc acid and oxalic acid by the action of 
hy^drogen peroxide on gly cme) It is, therefore, sug 
gested that the 3 6-duodo 4 hydroxypheny Isenne 
undergoes further oxidation on the a or )3 carbon 
atom, and subsequent fission to the aldeliyde, oxahe 
acid and ammoma 


With regard to the formation of 3 5 duodo 4 
hydroxybenzaldehyde during the preparation of 
artificial thyToproteins, this may he simply a 
function of the pH of the reaction The absence of 
this aldehyde from the thyroid is exceedingly pro 
bable, but has not yet been demonstrated con- 
clusively, smee the sample of B P thyroid used for 
an attempted isolation had been defatted, and any 
aldehy'de present would be removed by any fat 
soh ent The experiment with thyroid powder was 
done m order to find out whether the aldehyde 
obtamed from the lochnated casern ought be an 
artifact of alkabne hydroly'sis firom duodotyrosme 
present m the protem, and the negative result with 
thyroid powder showed that this was not so For 
other reasons, however, it is unhkely that the aide 
hyde is formed m the thyTOid gland in vivo first, 
because the pH of the tissues is below that at wlucli 
aldehyde formation occurs durmg the mcubation of 
duodotyrosme , and secondly, because Baimgton & 
RandaU (1929) were able to account for all the acid- 
insoluble iodine m the thyroid as bemg thyroxine 
lodme 

The formation of 2 4 6 truodophenol firom duodo- 
tvTOsme after hot peroxide oxidation calls for some 
comment It has been found, during a repetition 
of Dakm’s (1909) experiments on the formation 
of qumols from hydroxybenzaldehydes, that 3 6 
dnodo-4 hydroxy’-benzaldehyde, while it gives no 
qumol with hydrogen peroxide, can, under vugorous 
conditions of oxidation, lose the formyl group with 
the production of 2 4 6 truodophenol besides much 
free iodine and iodoform No truodophenol la 
formed from duodotyrosme under mil d oxidative 
conditions, which mdicates that the truodophenol 
obtamed from duodotyrosme durmg hot peroxide 
oxidation is a secondary breakdown product formed 
from the aldehyde , the formation of this compound 
IS, therefore, not considered to hav e any importance 
m elucidatmg the mechanism of thyroxine synthesis 
The origmal suggestion by Hanngton & Barger 
(1927) that thyroxme was formed by the coup ling of 
two molecules of duodotyTosme was amp lifie d first 
by Johnson A Tewkesbury (1942) These authors 
postulated that durmg mcubation of duodotyTosme 
under v on Mutzenbecher’s (1939) conditions hypoio 
dite is formed This oxidizes one molecule of duodo 
tyrosme to a qumonoid mtermediate possessing a 
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free radical, ■which unites -with a further molecule of 
duodotyrosme -with univalent oxygen, the side cham 
hemg spht off as pyru-vic acid and ammoma Later 
Harmgton (1944) developed a theoretical mechanism 
for thyroxme synthesis based on electromc con- 
siderations, and leading to the same tj^e of mter- 
mediate as that suggested by Johnson Tewkes- 
bury (1942) 

The chromatographic identification of small 
amounts of al anin e among the reaction products 
obtamed by acid hydrolysis of the mother hquors, 
after acetylthyroxme has been formed from acetyl- 
duodotyrosme, may lead to a different mechamsm 
If •we suppose that this alamne is derived from the 
side cham ■which has been ehnunated from one 
molecule of acetylduodot j^rosme durmg the couplmg, 
then the overall reaction may be graphicaUy repre- 
sented as a dismutation 


OH OH 



iooH 


No oxidative process is required for tins repre- 
sentation, although it is known (Harmgton <L Pitt 
Rivers, 1946) that thyrovme is not formed from 
duodotyrosme under anaerobic conditions, and 
lodme IS, m fact, hberated from acetylduodotyrosme 
durmg the reaction This can be demonstrated by 
the presence of morganic iodide m the reaction 
mixture, ei en m experiments where the net yields of 
acetylthyroxme are high and the recovered acetyl- 
duodotyrosme IS free from tarry products (i e m- 
cubation m borate buffer) 

The presence of alanine and the absence of serme 
(and glycme) durmg thyroxme symthesis recall the 
metabohsm of tryptophan by Escherichia colt, 
elucidated by Dawes, Da^wson & Happold (1947) 
These authors have identified the tryptophan side 
cham cliromatographicaUy as alamne when mdole 
IS formed by Each colt m the presence of the retarding 
agent mepacrme, and no serme has been found It 
IS mterestmg to speculate whether the two reactions, 
resultmg m thyroxme on the one hand, and mdole 
on the other, may not follow the same metabohc 
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patlm ay, although the causative factor is different 
m the tvo cases, the former hemg chemical, the 
latter enzynuc Acotylalanme might, on the other 
hand, be obtamed as a by' product of an entirely 
different reaction If we assume that Johnson 
& Tewkesbury’s (1942) mechamsm of thyToxme 
symthesis is correct, the side cham would be 
elmrunated from acetylduodotyrosme as pyruvic 
acid and acetarmde Non Ivnoop’s theory' (Knoop, 
1910, Knoop & Kertess, 1911) to e'xplam the 
formation of ammo acids from keto ncids tn vivo 
postulated the mtermediate formation of an acy'lated 
ammo-acid ' 

if_CO— COOH P— CH— COOH 

-t- 1 + CO5 

NH, JJH— CO— if 

if— CO— COOH 

This theory n as based on ICnoop’s own findmgs from 
tn VIVO experiments and was supported by the work 
of Erlenmeyer &. Kunlm (1899, 1902) and de Jong 
(1900), who studied the tn vitro reaction with many 
keto acids, m particular, when pyru'vic acid and 
ammomum carbonate reacted together m aqueous 
solution, acetylalamne was formed m good y'leld 
The theory was much later re established by the 
work of du Vigneaud & Irish (1938) m experiments 
on the transformation m dogs of one ammo acid 
isomer mto its enantiomorph through the mter 
mediate keto acid 

If this be the soilrce of acetylalamne m the 
reaction at present bemg studied, it must be assumed 
that the acetamide hberated durmg deammation of 
the side cham is hy'droly'zed to acetic acid and 
ammoma, smce Herbst (1939) has sho-wn that the 
product of condensation of pyrimc acid and acet 
amide itself is of an entirely' different nature One 
experimental result, however, can decide upon the 
genesis of the alamne which has been detected 
Acetylalamne obtamed tn vitro from pyru-vic acid 
and ammoma would be optically mactive, whereas 
alamne spht off as acetylalamne from N acetyl n 
duodotyrosme would be optically active, as is the 
N acetylthyroxme formed Efforts are now bemg 
made to isolate either acetylalamne or alamne itself 
m sufficient quantity to determme this pomt Until 
this IS done, the mechamsm of the formation of 
alamne durmg thy'roxme sy'nthesis cannot profitably 
be discussed 

STOEMARY 

1 3 5 Dnodo 4 hydroxybenzaldehyde and oxahc 
acid have been isolated m eqmmolecular amounts 
a^er aerobic mcubation of duodotyrosme at pH 14 
Tliese findmgs are discussed 

2 The above aldehyde and thyroxme are formed 
together durmg aerobic mcubation of duodoty'rosme 
at pH 10 
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3 2 4 6 Truodophenol, the aldehyde and thy 
roxine are all formed durmg the hot pero’tide 
oxidation of duodotyrosme 

4 3 6 Duodo 4 hydroxybenzaldehyde la formed 
durmg the lodmation of proteins to give products 
■with thyroid hke activity, the aldehyde itself has 
no biological aotmty as measured by the tadpole 
metamorphosis test 

6 N Acetyl l thyroxme is formed m substantial 
yield durmg aerobic mcubation of N acetyl-i, 
duodotyrosme Acid hydrolysis of the thyro'vme 
derivative yields l thjuo-ane 

6 N Acetyl dl duodotyrosylglutarmc acid has 
been prepared Aerobic mcubation of tins peptide 
leads to the formation of good yields of N acetyl 


Dll thyroxylglutamic acid which, on acid hydrolysis, 
yields thyroxme and glutarmc acid 

7 Alarune has been chromatographically identi- 
fied among the reaction products obtamed durmg 
thyro'tme synthesis from duodotyrosme This find- 
mg IS briefly discussed. 

1 mall to express my mdebtedneas to Dr C R Hanngton 
for Ills mterest in this work I have to thank Dr R L 
Synge for doing the chromatographic identiflcations of 
alanine. Dr W J Elford for his help m doing the potentio 
motno titration of N acetyl r.-diiodotyro8me, and Dr A. S 
Parkes for testmg the biological activity of 3 6 duodo 4- 
hydroxybcnzaldehyde I have also to thank Imperial 
Chemical Industries (Explosives) Ltd for gifts of lodmated 
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The Steroids of Pregnant Mares’ Urine 

1 A JEETHOD FOR THE EXTRACTION OF STEROID SULPHATES AND 
THE ISOLATION OF aMoPREGN-16 EN 3(jS) OL 20 ONE SULPHATE* 


By W KLYNE, B SCHACHTER Axn G F AIARRIAN 
Departments of Biochemistry, Universities of Toronto and Edinburgh 

{Received 23 October 1947) 


In a previous paper (Schaohter A, Maman, 1938) 
dealing with the isolation of oestrone sulphate from 
the urme of pregnant mares, the isolation from the 
same source of n hat appeared to be the sulphate of 
a non phenolic steroid was bnefly noted Fuller 
details nere not reported at that tune smee con 
cordnnt analyses upon the non sulphate and the 
parent steroid could hot be obtamed, andsmee there 

* For prchminniy accounts of this work sec Biochem J 
1945, 39, xh , 1946, 40, ]v, 1948, 42 i 


was some evidence to suggest that the matenal 
isolated rmght be a rm-vture of closely related sul- 
phates V arymg m composition from batch to batch 
More recently, it has been possible to commence a 
remv^estigation of the conjugated steroids m preg- 
nant mares’ urme, and m the present paper the 
methods used for the e-xtraction and concentration 
of a Btgroid sulphate fraction and the isolation and 
identification of one pure component of this fraction 
are described 
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RESTJLTS 

The method used for the extraction and concen 
tration of the steroid sulphate fraction was based on 
that of Schachter & Maman (1938) It consisted of 
the foUowmg stages (i) Extraction of the urme with 
n butanol (u) Removal of much acidic matter from 
the matenal extracted with butanol, giving the 
‘crude conjugate fraction’ (m) Treatment of an 
aqueous solution of the crude conjugate fraction 
with an equal volume of saturatedpotassium acetate, 
givmg ‘potassium acetate soluble’ and ‘potassium 
acetate insoluble ’ fractions This stage served the 
double purpose of ensurmg that K"*" was the only 
cation present m the insoluble fraction and of 
partially removmg m the soluble fraction certam 
simpler orgamc sulphates such as that of p cresol 
(iv) Separation of the ‘potassium acetate insoluble’ 
fraction into fractions readily and sparmglj’’ soluble 
m water, so called ‘water soluble’ and ‘water m- 
soluble’ fractions (v) Repeated extraction of the 
water-msoluble ’ fraction with bodmg acetone con- 
taimng water (2 % (v/v) , ‘ 98 % acetone ’) On con- 
centration and coohng to 0° these extracts yielded 
white sohd material, ‘98% acetone sohds, fraction 
O’, which m some cases was crystaUme (In one 
batch of urme sohd matenal (fraction A) separated 
from the 98% acetone extracts before concen- 
tration on coohng to 0° La another batch, although 
no sohd was obtamed on coolmg the unconcen- 
trated extracts, crystalhne matenal (fraction B) 
separated immediately when these extracts were 
heated m order to concentrate them Fractions A 
and B will be dealt with m subsequent papers ) 

The weights of certam fractions at the different 
stages of concentration for a number of batches of 
unne are summarized m Table 1 
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On acid hydrolysis of the potassium or p-tolmdme 
salt an ether soluble substance (Z), the analysis 
of which agreed with the formula was 

obtamed Z 3aelded a monoacetate on treatment 
with acetic anliydride and pyndme, and gave a pre 
cipitate with (hgitonm m 90% (v/v) ethanol It 
thus appeared to be a 3(/3) hydroxysteroid No 
colour was given with tetramtromethane 

In the Zunmermann tost Z gave a purple colour, 
although the development of the colour was slower 
than with neutral 17-ketosteroids, mdicatmg the 
presence of a ketone group at some position other 
than Cjj Z did not, however, form a semicarbazone 
Tlie failure of Z to form a semicarbazone and the lack 
of colour with tetramtromethane were not mcon- 
Bistent with the presence of an a)S unsaturated 
ketone group (cf Ruzicka, Huyser, Pfeiffer & Seidel 
(1929) on tetramtromethane reactions, and Allen 
Blatt (1943) on sermcarbazide reactions), and sub 
sequently Z acetate was found to show the 240 and 
320 mp absorption bands characteristic of aj3 un- 
saturated ketones 

The above evidence suggested that Z nught be 
a pregnen- or a?lopregnen-3(j3) ol one haiung the 
double bond conjugated with the ketone group, its 
meltmg pomt and that of its acetate mdicated that 
it imght be allopregn 16 en 3(P) ol 20 one, which 
was obtamed by Marker & Turner (1940) from di- 
hydropseudotigogenm diaoetate 

Samples of this af^opregnenolone acetate and of 
the 16 17-epoxy compoimd obtamed from it by 
treatment with perbenzoic acid (Plattner, Ruzicka, 
Heusser cfc Anghker, 1947) were kmdly supphed by 
Prof Plattner of Zurich, and a comparison of these 
samples with Z acetate and its epoxy compound, 
respectively, showed that Z was mdeed aZlopregn 1 6 
en 3()5)-ol 20 one This appears to be the first re 
ported isolation of a A^®-20 ketosteroid from urme_ 


Table 1 Weights of conjugate fractions in standard extraction method 
( All batches of urme from mares m 9 th 11th months of pregnancy Results expressed as jng /I unne ) 

No of results Mean s e of mean Range 


Crude conjugate fraction 11 

Potassium acetate soluble fraction 8 

Potassium acetate msoluble fraction 10 

Water soluble fraction 2 

Water msoluble fraction 10 


Fraction G from certam batches of urme was 
found to consist largely of a smgle substance 
{potassium Z sulphate), winch was obtamed pure 
either directly by crystaUization froril water and 
from ethanol or via its p tolmdme salt (cf Barton & 
Young, 1943) Analyses mdicated the formulae 

[C,iH3iOSO J- K+ H3O 
and ' [CaiH^OSOJ- [CH, C.H, NHJ+ 
for the potassium andp tolmdme salts, respectively 


440 60 210-810 
40 8 20-80 
280 30 140-460 
176 — 160-190 
120 20 60-210 


The batches of urme from winch Z sulphate v as 
readily isolated were coUected 3 weeks or less before 
foalmg, the yield of crude potassium Z sulphate 
bemgc 26 mg /I Other batches collected 4-1 6 weeks 
before foahng gave smaller quantities of crudei 
material, from which it was more difficult to obtain 
Z sulphate This suggests that the amount of Z 
sulphate excreted, and the ratio of Z sulphate to 
related sulphates, both mcrease m the last few weeks 
before foahng 
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MtlUng poinlt These ate corrected Speed of heating at 
melting pomt, 3-4°/imn 

Ificro analyses We are mdebted to Mrs G “F Moman for 
all micro analyses, except those of compound Z which are by 
Drs 'Weder and Strauss (Oxford) 

Specific rotations These ore for the sodium G hne, a 
0 6 dm micro tube was used [aE is given as 
100 

xo±r»=_(x'>±y“). 

where x° is the difference between the moan of twenty 
readmgs with the solution and the mean of twenty readings 
with a solvent blank, is the standard error of this differ 
ence Allowance is thus made for the vanation of the polan 
meter readmgs, but not for errors in the woighmg of solute or 
solvent, which are much smaller 

Extraction of urine and preparation of fraction C Many 
modifications of the extraction procedure were tried (see 
Elvne, 1940) The followmg are detada for a batch of unne 
ftom which Z sulphate was obtamed 
Unne (22 2 L, collected m the last 3 weeks before foaling) 
was extracted with n butanol (4x6 1 ) Emulsions were 
broken by allowmg to stand with gentle shakmg, centn 
fugmgoraddmgethanol(l-6%ofvol of unne) The butanol 
extracts were washed with N aqueous KOH (4 x 6 L) and 
with water (4x16 1 ) Emulsions m the water washmg 
stage were broken rapidly by the addition of saturated 
aqueous potassium acetate (10% of vol of aqueous 
layer) 

The washed butanol extracts were evaporated to dryness 
III vacuo at > 100° and the residue dissolved in water 
(oOO ml ) The aqueous solution so obtamed was extracted 
with ether (4 x 200 ml ) and cooled to 0° , its pH was adjusted 
to c 2 with HCl and it was agam extracted with ether 
(2 X 300 ml , 4 X 200 ml ) It was then made alkahne to 
htmus with K.OH, warmed to remove ether, cooled, and 
extracted with butanol (4 x 200 ml ) The butanol extracts 
were washed with water (3 x 100 ml ) and evaporated to 
dryness givmg the ‘crude conjugate fraction’ as a brown 
fiiable powder (12 3 g ) 

This material was dissolved in boihng water (90 ml ), 
saturated aqueous potassium acetate (90 ml ) was added, the 
mixture was cooled to 16-20° and the pasty precipitate 
centrifuged The precipitate was washed twice by centn 
fuging with its own volume of half saturated aqueous 
potassium acetate and dissolved in moist butanol (260 ml ) 
This solution was washed with water (3 x 60 ml ) and 
evaporated to dryness giving the 'potassium acetate m 
soluble fraction’ as a yellow powder (8 8 g ) 

The supernatant and washmgs from the potassium acetate 
precipitation were extracted with butanol (4 x 100 ml ) , the 
extracts were washed with water (3 x 60 ml ) and evaporated 
to dryness giving the ‘potassium acetate soluble fraction' 
ns a nearly white powder (2 0 g ) 

The ‘potassium acetate maolublo fraction’ was dissolved 
m the mmimum volume of boihng water (140 ml ) and cooled 
to 0° The sticky precipitate which formed was centrifuged, 
washed once by centnfugmg with its own volume of ice 
cold water and dissolved m moist butanol (200 ml ) The 
butanol solution on evaporation to dryness gave the water 
msolublo fraction as a j ellow powder (4 7 g ) 


The supernatant and washmgs from the above separation 
were extracted with butanol (3 x 100 ml ), the extracts were 
washed with ii ater (3 x 20 ml ) and evaporated to dryness 
givmg the ‘water soluble fraction’ as a pale brown powder 
(3!>g) 

The ‘water insoluble fraction’ was then extracted re 
peatedly with boihng 98 % acetone (2 x 200, 6 x 100 ml ) 
Each extract was filtered hot and the undissolved sohd used 
for the next extraction The extracts, which on coolmg gave 
no precipitate, were concentrated on the water bath under 
a gentle air blast until sohd began to separate, on coolmg 
agam, a nearly white, partly orystalhne precipitate separated 
(98% acetone sohds, fraction C, 620 mg ) The melting 
pomts of the fractions ranged from 218-219° (decomp ) 
(first fi'nction) to 235-240° (decomp ) (last three fractions) 
Isolation of Z sulphate as the p tduidine salt The 98% 
acetone sohds, fiiaction C, from the above separation 
(301 mg ) were dissolved m boihng water (60 ml ) and a 
solution of p tolmdme hydrochloride (186 mg , 2 eqmv ) in 
water (6 ml) was added The copious precipitate which 
formed was just dissolved by addmg more water (36 ml ) at 
100°, and the solution was cooled to 0° givmg p tolwdine 
Z sulphate (293 mg , m p 190-192°) After two reorystal 
hzations firom boihng water this salt formed very fine 
white needles, m p 195-197°, after softenmg at 180°, 
Wn +31 7° ±0 6° lb chloroform (c, 3) Approximate 
solubdities (m mg /ml ) were as follows m water, at b p , 
3 6, at 16-20°, 0 6, m chloroform, at 16-20°, >30 The 
salt showed no loss m weight on drying at 80° in vacuo 
(Found C, 67 2, 67 2, H, 8 1, 8 1 , N, 2 8, 2 9, S, 6 4, 6 4 
[C„H,iOSOJ- [CHj C.Hi NHjR requires C, 60 8, H, 8 2, 
N, 2 8,8,6 4% ) 

Potassium Z sulphate This was obtamed from the 98% 
acetone sohds, fraction C, from two batches of urme by 
repeated crystallization from water and then from ethanol 
It was best obtamed pure from the p tolmdme salt as 
follows 

p Tolmdme Z sulphate (100 mg ) m warm water (100 mh) 
was treated with KOH (1 0 g ) m water (6 mh), and p 
tolmdme was extracted with ether (4 x 25 mh) The aqueous 
solution was heated to drive off dissolved ether, cooled, and 
extracted with butanol (2 x 50, 2 x 26 ml ) The extracts on 
evaporation gave crude potassium Z sulphate, 86 mg (90% 
of theory), m p 222-224° (decomp ), which was then 
crystallized from water and from ethanol giving rosettes of 
needles, m p 244-245° (decomp ) after brownmg at 234° 
and smtermg at 241° 

Analyses of the potassium salt, when compared with those 
of the p tolmdme salt and of the fi«e steroid, showed that it 
was a monohydrate, which did not lose its water of crystal 
Lzation on drymg to constant weight at 80° in vacuo over 
P,0( (Found C, 56 8, 65 8, H, 7 6, 7 6, K, 8 8, 8 6 
CuH,i 0 S 04 K H,0 requires C, 55 7, H, 7 4, K, 8 6 
CuHjiOSOjK requires C, 68 0, 7 2, K, 9 0% ) 

Approximate solubdities (m mg /ml ) were as follows m 
water at b p , 10-11, at0°, 3, methanol at b p ,9, at 0°, 2 5 
m butanol at b p , 10, at 0°, 7, m chloroform at b p or at 
0 °, <01 

The potassium salt was dimorphous, clusters of prisms, 
m p 216-217° (decomp ) sometunea apjiearmg when the 
compound was crystallized from water (The quantity 
obtamed was insufficient for analysis ) This prismatic form 
on treatment with p tolmdme hydrochlonde gave the p 
tolmdme salt described aboi e 
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Table 2 Comparison of Z acetate and eXloprcgn-lG en 3(/9) ol-20 one acetate 

a?toPrcgnenolono 



- Z acetate 

acetate 

Mp 

165-166 5° 

165-107°* 

Mixed m p 


103-105 5° 

[a] J m chloroform (c, 1 4) 

+ 33 9°±0 6° 

+ 30 3°±0 7' 

Ultraviolet absorptionf 

^ti. 

240, 320 rap 

3 95, 1 78 

240, 320 mp 
3 93, 1 92* 

10 17 Epoxy compound 

Mp 

185-187° 

183-185°* 


Mixed m p 183-165° 

* These values -n-ere detennmed on Prof Plattner’s samples in Edinburgh and Liierpool PJattner el al (1947) give 
the follomng values allopregnenolone acetate, mp 100-107°, +42 2° (c, 142, chloroform), logfnj^=4 2, 2 1 

(solvent not stated) Epoxy compound, m p 180-187° 

t In ethanol contammg a httlo ether M e are mdebted to Prof R A Morton, Dr A L Stubbs and IMr T W Goodwin 
(University of Liverpool) for these measurements 


Compound Z p Toluidme Z sulphate (154 mg ) was dis 
solved m hot water (100 mL), 2 n HCl (100 m! ) was added, 
and the mixture was heated m the boding water bath The 
mitially clear solution became cloudy after 10 mm heatmg, 
and a precipitate formed, which gradually mcreased m bulk 
After 2 hr heatmg the mixture was cooled and extracted 
with ether (1 x 100 ml and 3 x 60 ml ) The ether extracts 
were washed with ^ HCl (2 x 30 ml ), 0 5 M NaHCOj (30 ml ) 
and water (3 x 30 ml ) The extracts on evaporation to 
diyness yielded crude compound Z, 88 rag (91 % of theory), 
m p 197-202° after smtenng at 184° After two recrystal 
hzations from aqueous ethanol, Z formed ghstemng leaflets, 
m p 205-207°, +60 2° ±4 2° methanol (c, 1 4) (Found 
C, 79 5, 79 8, H, 10 3, 10 1 Mol wt (East) 307, 325 Calc 
for C iHj.Oj C, 79 7, H, 10 2% Mol wt 316) 

Z acetate Compound / (7 8 mg ) was heated at 100° for 
2 hr with acetic anhydride (1 ml ) andpyndme (1 mL) Much 
water was added, and the white flocculent precipitate 
obtamed was filtered, washed and dried This matenal was 
recrystallized twice fiom aqueous ethanol (approx 1 1 
by vol ) givmg pure Z acetate m elongated hexagonal 
leaflets, m p 165-166 5° (Found C, 76 7, 76 4, H, 9 6, 
9 8 Calc for CuH^O, C, 77 1, H, 9 6% ) 

The epoxy compound of Z acetate was prepared by treat- 
ment with perbenzoio acid as described by Plattner el al 


(1947) The properties of Z acetate and al/opregn 10-en 
3(/3) ol 20-one acetate are compared m Table 2 

STOLMARY 

1 A general method for the extraction of steroid 
and otlier conjugates from mares’ urme is described 

2 A new organic sulphate has been isolated from 
pregnant mares’ urine as its p tolmdme salt, which 
on acid hydrolysis yielded allopregn-16 en-3{p) ol- 
20 one 

Wo are mdebted to the Agncultural Research Couned for 
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this work, also to the Moray Fund and the Lewis Cameron 
Fund of the Umversity of Edmburgh for other grants We 
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this up, also to Bntish Drug Houses Ltd , the Ovaltine 
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Institute, Moredun, Edmburgh, for gifts of urine Without 
their wilhng co operation this research could not have been 
earned out We are also mdebted to Goodlass Wall and Lead 
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The Effect of Thyroxine on the Metabolism of Lactatmg Cows 

1 GENERAL RESULTS AND NITROGEN JIETABOLISM 

I 

By E C OI^TilN, The Hannah Dairy Research Institute, KtrhhUl, Ayr 
{Received 20 November 1947) 


That thyroxine causes an increase m milk secretion 
dnd m the yield of milk fat has been shown by 
Graham (1934 a, b), Jack <L Bechdel (1936), FoUey & 
White (1936), Herman, Graham <L Turner (1938) and 
Smith & Dastur (1940) Tliese observations did not 
at first arouse general mterest because of the pro 
lubitive cost of thyroxme Later, however, Ludwig 
<1, von Mutzenbecher (1939) showed that thyroid- 
active material could be produced firom casern by 
lodmation, and this was confirmed by Harmgton & 
Pitt Rwers (1939), who demonstrated that m the 
lodination thyroxme was formed from the tyrosme 
of the casern A few years later the conditions of 
lodmation were further defined by Turner & Remeke 
(1944) m such a way as to ensure reasonable yields 
of thyroxme 

Smce these observations were made, the use of 
lodmated casern for mcreasmg the milk yield of cows 
m commercial herds has been mveatigated, notably 
by Blaxter (1946, 1946) Blaxter’s work leaves httle 
doubt that, when cows are given lodmated protem 
m their feed under grchnary conditions of farm 
management, the extra imlk and rmlk fat produced 
result not fi:om an mcrease m the mtake of food, but 
from raised catabolism The animals lose condition, 
probably because the extra mdk is formed, m part at 
least, from the proteins and fat of the animals’ own 
tissues durmg a period when the metabolic rate of 
the animals is mcreased As mcreased catabolism 
might have marked adverse effects on lactatmg 
cows, the work described m the present paper was 
designed to detemnne to what extent the stimulation 
of milk production by thyroxme is associated with 
loss of body tissue and with negative mtrogen 
balance, and whether mcrease of food mtake can 
compensate for any raised catabolism which may 
occur For aU the experiments thyroxme was used 
rather than lodmated protein, because of the nsL 
that the activity of lodmated casern given orally 
would vary greatly from sample to sample and be 
difficult to assess This imcertamty does not exist if 
a Imown dose of th 3 'Toxme is giv en subcutaneously^ 

EXPERIMENTAL 

General plan of the expenmenft and care of the animals 
Three cipenments were earned out, each involving three 
Ajrahiro cows which, at the beginning of the experiments. 


were 10-20 weeks from partuntion The ammals were kept 
m special stalls m a metabolism house (Moms & Wnght, 
1033) m which the unne and faeces excreted by the cows can 
be collected separately with only shght mutual contamma 
tion. Before an experiment began, the cows were given a 
ponod of 2 or 3 weeks to accustom themselves to the meta 
bohsm house management and to the diets used m the 
experiment This was followed by three penods, each lasting 
for at least 4 weeks In the first and third penods no 
thyroxme was given, but in the second penod two of the 
cows were treated with the hormone, the third cow receiving 
no thyroxme m any of the penods In this way it was hoped 
to compare the findings obtamed for the thyroxme treated 
cows durmg the second penod of each experiment with the 
findings for the same cows before and after thyroxme treat- 
ment, and also with those for the control cow throughout the 
whole experiment This was possible fot the first two expen 
ments, but during the thud experiment the control coi^ 
became ill, too late to be replaced, and had to be discarded 
AU the animals were weighed at the begmnmg and end of 
each penod Every 2 days, samples of food, urme, faeces 
and nulk were analyzed 

Diet In the first expenment the rations aUowed per 
gaUon of milk were purposely kept slightly below the lowest 
level which would ever bo likely to be fed m practice This 
resulted m negative N balances durmg the thyroxme penod. 
In the second and third experiments the ratiomng was made 
progressively more bberal m order to determme how far the 
tendency to negative N balance could be overcome by 
increased food mtake 

In the first experiment the mamtenance ration consisted 
of 14 lb hay and 1 lb bruised oats/cow/day, and the pro 
duction ration of 3 13 lb brmsed oats and 0 91 lb bean meal 
{Vtctafaba) per gaUon of milk The amount of production 
ration fed per day m any week was adjusted accordmg to the 
yield of milk m the preceding week. 'The same production 
ration was fed m the second expenment but at a slightly 
higher level In the thud experiment the rations contamed 
cubes conBistmg of wheat feed 42 5 % , decorticated ground 
nut 27 5 % , oats 20 % and molasses 10 % For the first few 
weeks of the first control penod of this thud expenment, the 
mamtenance ration was 14 lb hay/day and for production 
a mixture was made up consistmg of equal parts of bruised 
oats, bean meal and cubes 41b of the mixture being fed per 
gaUon of milk Later m this first control penod, m order to 
ensure that the animals would be hberaUy fed just before and 
durmg the thyroxme treatment, the allowance of hay was 
raised to 16 lb and the concentrate mixture was changed to 
oats (3 parts), bean meal (3 parts) and cubes (4 parts) and 
fed at the rate of 5 lb per gaUon of milk on the basis of the 
yield durmg the previous fortmght This basis of ratiomng 
was contmued for the remamder of the expenment 
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In Tvork of tins type, where attempts are made to feed 
rations strictly accordmg to milk yield, it is not easy to be 
certam that the mtended relationship between mUk pro 
duction and protom mtake will be accurately mamtamcd, 
smce qmte unpredictable vanations m inilk yield tend to 
occur The best way of ascertaimng what the relationship 
actually was, is to calculate it at the end of the experiment 
from the figures obtamed for the milk yield and for the 
actual amount of protem eaten Data obtamed in this way 
for the amount of protem fed per gallon of milk are shown m 
Table 1 

Table 1 Protein equivalent ingested {lb (gallon 
of milL yielded) 

Period 1 Period 3 

Exp {no Ponod 2 (no 


no . Cow no 

thyroxmo) 

(thyroxme) 

thyroxme) 

1 1 

0 61 

0 50 

0 77 

2 (control)* 

044 

0 41 

044 

3 

0 52 

0 39 

0 05 

2 4 

0 58 

0 57 

100 

6 (control)* 

0 63 

0 50 

0 55 

6 

0 50 

0 62 

0 95 

3 7 

0 02 

0 08 

0 87 

8 

0 00 

0 73 

1 03 

* The control cows (nos 2 and 6 ) received 
m penod 2 

no thyroxme 


Administration of thyroxine A solution of ‘thyroxine 
sodium B P ’ (Bntish Drug Houses Ltd ) contammg 1 mg / 
ml was made up accordmg to EoUey A White (1036) Each 
day durmg the thyroime penods 10 ml of this solution were 
mjeoted subcutaneously mto the fla nks of the cows Cows 1, 
3, 4 and 6 were mjected for 28 successive days, and cows 
7 and 8 for 32 and 31 successive days respectively 
Methods of analysis Total N was estimate by the 
Kjeldahl method, the catalyst bemg EUSO 4 , CUSO 4 and 
powdered selemum For estimating N m milk, the samples 
were weighed and not pipetted Milk fat was estimated by 
the Glerber process, and m i l k phosphatase by the method of 
Kay & Graham (1933) In the first two experiments the 
amount of urea plus NHj m the unne was detenmned 


1948 

accordmg to Peters K Van Slyko (1932), and m all three 
experiments the creatine and creatmmo contents of urme 
were estimated bj a modification of JafTe’s picno acid 
method (Hawk A Bergeim, 1927) using a Spekker absorptio 
meter 

RESULTS 

Pulse rates and mdk phosphatase It was essential 
for the purpose of this investigation to find out as 
early in the thyroxine period as possible whether the 
hormone was showing its usual physiological 
actixnty Tlie tw o critena used for this purpose were 
the effect of thyro'cme m enhancmg the pulse rate 
and the rapid dimmution winch thyroxme produces 
m the concentration of phosphatase m the mil k 
(Polley & Mliite, 1936) Every day, except Sunday, 
tliroughout all tliree experiments pulse rates were 
determined by palpation of the plantar arteries of a 
forehmb, care bemg taken to ensure that the animals 
were not excited m any way Durmg the detenmna- 
tion the animals v ere standmg up and either eatmg 
hoy or rurmnating just after havmg eaten it Four 
concurrent determmations were made From the 
average results (Table 2) it can bo seen that with all 
the treated animals there was a marked mcrease m 
pulse rate durmg the thjTOxme period, whereas with 
the two controls during the same period no signifi- 
cont mcrease occurred Table 2 also shows that the 
tune, which elapsed from the first mjection to the 
day when the pulse rate was maximal, varied from 
cow to cow With cow 8 the pulse oontmued to 
mcrease durmg treatment With all the other treated 
cows the pulse had passed its maximum before m- 
jection ceased 

Averages of many determmations of milk phos- 
phatase are shown m Table 2 With the two controls 
there was a tendency for the phosphatase m the 
milk to mcrease as lactation advanced, whereas with 
the treated cows there was the expected substantial 
decrease durmg hormone treatment 


Table 2 The effect of thyroxine on the pulse rate and on Ihe phosphatase content of the milL 




Penod 1 

Exp 


(no 

no 

Cow no 

thvroxme) 


1 

46 


2 (control) 

61 


3 

69 

2 

4 

66 


6 (control) 

04 


6 

65 

3 

7 

67 


8 

02 


Pulse rate/min 

A 

Period 2 (thyroxme) 



A 

% 

Days to 

Penod 3 
(no 


maximumf 

thyroxmo) 

06 

17 

49 

47 

— 

40 

08 

0 

62 

81 

19 

06 

06 

— 

63 

60 

13 

65 

90 

29 

69 

83 

31 

61 


Phosphatase m milk* 


f 

Period 1 


Penod 3 

(no 

Penod 2 

(no 

thyroxme) 

(thyroxme) 

thyroxme) 

08 

31 

84 

90 

108 

111 

22 

7 

43 

47 

8 

39 

76 

110 

106 

39 

8 

63 

130 

40 

164 

82 

39 

164 


* Units of Kay A Graham (1933) multiphed by 100 

t Time elapsing from begmiung of treatment to the day when the pulse was maximal 
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M%ll yield The milk-yieldcur^^s for all eight cows of yield by thyroxine was about 30%, which is 
are shown in Fig 1, and the averages for each penod comparable to results reported by other workers 
m Table 3 It can readily be seen that with the two mentioned m the mtroduction 
controls (nos 2 and 6) the milk yield tended to Milk composition With aU the treated animals 
decrease gradually over the whole period, whereas the yield of nulk fat was greatly mcreased dining the 
with the remaining six cows the milk 5 aeld was tbyroxme period Typical results for one control and 
enhancedfromabout 2 days after hormone mjections one treated animal are shown m Fig 2 With all the 
began until a few days after they ceased Owing to treated animals the mcrease m the yield of fat per- 
the difficulty of judging what the yield would have sisted longer than that of milk as a whole after 
been had no hormone been given, it is not easy to thyroxme treatment had ceased The average values 
determme quantitatively the effect of thyroxme on for the fat content of the milk and for the mtrogen 
millr yield From the graphs m Fig 1, however, it content of the fat free milk from all eight cows, and 
has been estimated that the average enhancement for the non fatty sohds for two of the cows, are 



Fig 1 The etfect of thyroxine on milk yield and on tho percentage of mtrogen m the milk 
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shown m Table 3 Statistical analysis showed that gamed weight again in period 3, after thjToxme 
the mcreases which occurred durmg hormone treat- mjections hod ceased Tlie result of this gam m 
ment were sigmficant weight m the final period was that the net loss of 

Body weights All the animals were weighed at the weight durmg the thyroxme and post thyroxme 
begi nn i n g and end of each period Each weight periods taken together (periods 2 and 3) was of the 
recorded was the average of tliree weighings made same order for nearl3' all the animals whether 



Fig 2 The effect of thyroxine on the yield and percentage of fat m the tadk 


Table 4 Effect of thyroxine on body weight 


Exp 


(Thyroxme was 

Weight at 
beginning of 
period 1 

given dunng period 2 to all cows except the controls ) 

Change m weight (lb ) m each period expressed 
as % of the weight at the bcgmmng of penod 1 

f ^ 

Period 1 Penod 2 Penod 3 

Change in weight 
(lb ) in penod 2 
which was not 
made good in 
penod 3 

no 

Con no 

(Ib) 

(a) 

(b) 

{0) 

(6) + (c) 

1 

1 

. 857 

-54 

- 58 

+ 41 

-17 


2 (control) 

817 

00 

+ 21 

- 42 

-2 1 


3 

872 

-04 

- 69 

+ 03 

-00 

2 

4 

823 

+ 0 2 

- 97 

+ 87 

-10 


5 (control) 

1000 

-09 

+ 20 

- 13 

+ 0 7 


6 

945 

-09 

-13 3 

+ 11 1 

-2 2 

3* 

7 

1007 

+ 02 

-10 1 

+ 32 

-09 


8 

1002 

+ 75 

- 78 

+ 08 

-1 0 


at different times on one day (Owen, Smith & treated or controls The only exception was cow 7 
Wnght, 1943) The weights of the animals at the which did not show the same degree of recovery m 
begmnmg of the first period of each experiment are period 3 as the others, although it, like cow 8, was 
shown m Table 4, the changes m weight which fed the most liberal diet It should be noted, 
occurred durmg each period bemg expressed as a ever, that cow 7 gave a greater mcrease m the yie 
percentage of the mitial weight It will be observ^ed of milk fat than cow 8 m the thyroxme period, an 
that, m contrast to the control cows, all the treated that tins may have accounted m part for its ower 
animals lost weight m the thyroxme period, but recovery of weight 
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As IS sliown in the next paragraph, the nitrogen 
balances of cows 7 and 8, unlike those of the other 
treated cows, did not become negative when the 
cows were given thyroxme It is, therefore, difficult 
to relate the loss m weight oocurrmg durmg thy 
roxme treatment to any definite metabohc function 
It IS probable that the decreases of body weight of 
cows 1, 3, 4 and 6 were due to lose of both protem 
and fat, whilst the decreases of body weight shown 
by cows 7 and 8 were due mainly to loss of fat 
Catabohsm of fat need not parallel that of protem, 
while loss of protem from the body is known to be 
sometimes accompamed by retention of water, as, 
for example, m famme oedema With nimmants the 
percentage of food m the gut is about 12 % (Ritzman 
& Benedict, 1938), so that changes of ‘fill’ of the 
cows may have been partly responsible for changes 
of weight 

Nitrogenmetabolism All foods, mcludmg hay, and 
also milk, urme and faeces, were analyzed for total 
mtrogen every 2 days Average results for each 
period are recorded m Table 6 


animals, cow 3 showed the greater stimulation of 
rafik yield by thyroxme, and it also showed the 
greater negative mtrogen balance ( — 11 6, as com 
pared with — 3 6 g N/day) After hormone treat 
ment ceased, the mtrogen balances of both the 
experimental animals became markedly positiv'e 
In Exp 2, the results were very similar, m spite of 
the fact that the cows were allowed a shghtly higher 
protem mtake per gallon of rmlk In this experiment 
even the control cow showed a small negatme 
balance of — 3 7 g N /day m period 2 But, w hereas 
the mtrogen balance of this animal remamed almost 
unchanged m period 3, those of cows 4 and 6 became 
strongly positive ( + 20 9 and + 21 6 g N/day), after 
th 3 T 0 xme treatment had been discontmued These 
positive balances m the last period mdicate that the 
retention of mtrogen after thyroxme treatment was 
much faster than the loss of mtrogen durmg treat 
ment In considering the possible effect of the 
hormone on the cows’ health, it is therefore reason 
able to suppose that any dl effects due to mcreased 
catabohsm durmg hormone treatment may be offset 


Table 6 A summary of the results required to obtain the nitrogen balances 


(Thyroxme was given darmg penod 2 to aU cows except the controls Results are given m g N/dav ) 


Ontput of N m 





t 



Total 


Cow no 

Penod 

Intake* 

Jldk 

Unne 

Faeces 

output 

Balance 

1 

1 

153 4 

42 3 

31 9 

00 4 

143 6 

-f 98 


2 

129 1 

30 3 

32 8 

63 5 

132 6 

- 35 


3 

126 7 

23 2 

32 4 

643 

109 9 

•f-168 

2 (control) 

1 

101 1 

60 2 

29 0 

69 4 

148 6 

-fl25 


2 

146 7 

444 

35 1 

68 5 

138 0 

■f 87 


3 

144 3 

417 

402 

532 

135 1 

+ 92 

3 

1 

167 2 

437 

25 4 

03 1 

132 2 

-1-25 0 


2 

138 1 

50 5 

32 9 

66 1 

149 5 

-114 


3 

135 7 

29 0 

35 4 

66 7 

121 7 

-fl4 0 

4 

1 

166 3 

45 6 

403 

648 

160 7 

4-15 6 


2 

157 7 

413 

42 0 

78 8 

162 1 

- 44 


3 

1519 

24 8 

37 1 

691 

1310 

4-20 9 

6 (control) 

1 

174 0 

45 8 

65 7 • 

68 8 

170 3 

4- 37 


2 

163-4 

39 1 

484 

09 6 

157 1 

- 37 


3 

146 2 

37 0 

445 

07 3 

149 4 

- 32 

G 

1 

190 0 

60 7 

68-4 

70 7 

188 8 

4- 12 


2 

1812 

55 4 

66 7 

79 7 

190 8 

- 90 


3 

176 4 

347 

49 4 

70 7 

154 8 

4-21 6 

7 

1 

277 2 

74 4 

71 9 

112 0 

258 3 

4-189 



315 7 

93 0 

95 9 

120 6 

309 5 

4- 02 


3 

250 5 

60 4 

045 

108 4 

229 3 

4-21 2 

S 

1 

2o0 7 

00 6 

92 3 

93 3 

252 2 

4-4 5 



261 1 

042 

86 0 

102 3 

253 1 

4- 80 


3 

172 0 

30 0 

58 3 

79 5 

168 4 

+ 42 


* Corrected for food refusals which occnrred but seldom and were very small 


In Exp 1, durmg the thvTOxme penod, the 
mtrogen balances for both the treated cows became 
nogativ e, whereas the mtrogen balance m the con- 
trol cow remamed positive Of the two treated 


by the raised anabolism after the treatment is dis 
contmued 

In Exp 3, m wluch the allow ance of protem per 
gallon of milk was furtlier mcreased, the two cows 
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7 and 8 showed increases m the jiolds of irulk and 
niiUc fat a Inch were \erv similar to those of cow 0 
in Exp 2, and j et their nitrogen balances remained 
positne throughout the entire experiment The 
positne balance for cow 7 \\ns reduced durmg 
thjToxine treatment, but mereosed agam after 
treatment ceased But wnth cow 8, Minch showed 
a much larger stimulation of milk production tlinn 
ani of the other cows, the positn e nitrogen balance 
was slightly increased during hormone treatment It 
maj be concluded from these findings that, on 
normal rations, the increased milk yield produced by 
10 mg th>Toxmo/dav is accompanied by an ac 
celerated protem catabolism, but that this excessive 
catabolism may bo mlnbited bj' increasing the intake 
of food 

Partition of nrinarij nitrogen 

(1) Urea plus ammonia The proportion of iirmnry 
mtrogen excreted ns urea plus ammoma was deter- 
mmed for the composite 2 daj’’ somples of urine 
collected from all six cows durmg the first two 
experiments The results showed a constant ratio 
(60%) of urea plus ammonia to total nitrogen 
tliToughout aU tliree penods 

(2) Creatine and creatinine The results for the 
excretion of creatme and creatuune m Exp 2 are 
shown m Fig 3 The corresponding graphs for the 
first and third experiments w ere \ ery sinular No 
significant change was noted m the creatinme ex- 
cretion for any of the cows, nor m the creatine 
excretion of the control ammals (e g cow 6, Fig 3) 
With the treated animals, however, changes m the 
creatme excretion tended to follow changes m milk 
yield Thus, m the thyroxme period, the creatme 
excretion was first enhanced, and then began to fall 
some iune before thjwoxme treatment ceased After 
treatment ceased creatme excretion fell rapidly to 
a very low value, the fall correspondmg roughly to 
that m milk yield Like the milk yield, the creatme 
output then mcreased agam In the third experi- 
ment, where the rations were much more liberal and 
where the mtrogen balance was always positive, the 
creatme excretion was agam maximal durmg thy- 
roxme treatment and mmunal immediately after the 
treatment ceased, but the changes were smaller with 
these two cows (particularly with cow 8) than with 
the animals m the first two experiments m which the 
nitrogen balances became negative durmg treat- 
ment If it IS supposed that the creatme is of cata- 
bolic ongm, these variations m the amount excreted 
are just what would be expected Stimulation of 
milk yield might weU be associated with mcreased 
catabohsm, and this would be accompamed by an 
mcreased output of creatme It does not follow, 
howei er, that creatme excretion is causally related 
to ' milk production, for it is probable that the 
creatrauna occurrmg durmg hormone treatment is 


1948 

merely a result of the general increase in metabohe 
rate nhicli tlijunxmo produces m the tissues os a 
whole 



Fig 3 The effect of thyroxine on the output of creatme and 
creatuune m the urme 

For ease m oomparmg the excretion of creatme 
and creatmme mtrogen, the results have been 
recorded m Table 6 as percentages of the total 
unnary mtrogen The creatmme figures were 
variable and showed no consistent change which 
could be related to the hormone treatment As 
would be expected from the creatme outputs (Fig 3), 
and from the unnary mtrogen outputs (Table 6), 
the creatme figures for the treated animals tended to 
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be sbghtly lugber during bormonev treatment than 
before it When thyroxme administration was dia 
contmued, creatme output decreased This was 
marked with cows 1, 3, 4 and 6, but not so marked 
with cows 7 and 8 The same tendency was noted 
for control cow 2, but not for control cow 6 This 


control cow 2 there was a reasonably close paral 
lelism between the volume and the amount of 
urmary mtrogen tlirou^out the pre thyroxme and 
thyroxme periods This parallelism also existed with 
cows 1 emd 3 before hormone treatment, but, some 
days after treatment began, a substantial mcrease 


Table 6 Output of creatine and creatinine {expressed as percentage of total urinary nitrogen) 


Creatine Creatuune 

Period Period 

1 


Erp_no 

Cow no 

r 

1 

2 

3 

1 

2 

3 

1 

1 

95 

10 5 

66 

40 

44 

36 


2 (control) 

61 

67 

66 

64 

64 

6 1 


3 

08 

88 

46 

11 1 

82 

7 2 

2 

4 

7 1 

76 

6 4 

42 

31 

39 


6 (control) 

44 

41 

44 

7 1 

80 

78 


6 

59 

68 

37 

62 

6 1 

6 2 

3 

7 

23 

24 

20 

20 

33 

36 


8 - 

10 

1 5 

1 1 

34 

4 5 

6 1 



Pig 4 The effect of thyroxme on the volume of unne and on the output of total mtrogen m the urme 


difference between the control cows may be related 
to the fact that cow 6 was fed at a sbghtly higher 
level than cow 2 For the best fed cows (7 and 8) 
tbe percentage of t otal urmary nitrogen excreted, as 
creatme and creatuune, v as much smaller than for 
the other cows This was due to the fact that the 
total amount of mtrogen excreted m the urme was 
natiually lugber for the best fed animals than for the 
others (Table 5) 

The diuretic effect 

, The 1 olume of urme and the urmary nitrogen 
excreted per day bv the cows m the first experiment 
are shown in Fig 4 It will be noted that for the 
Biochcm 1948 43 


m volume occurred An mcrease m volume was 
shown at this stage by all the experimental cows, but 
not by either of the controls Tins may have been 
caused m part by the cows usmg water to disperse 
some of the extra heat generated m their tissues when 
thyuoxme mcreased the metabolic rate, or it may*be 
that thyroxme raised the actinty of the kidneys 
either directly or by' stunulatmg the secretion of a 
diuretic hormone The very large mcrease m urmary 
volume noted for cow 3 (Fig 4) was exceptional, the 
mcrease m volume with the other experimental 
animals being of the order of that shown for cow 1 
It IS not known whv the increase with con 3 was so 
large 


16 
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The effect of thyroxine on the utilization of food 

Apparent digestibility of dietary nitrogen An 
attempt is made to assess the effect of thyro-«mo on 
the utihzation of food by calculatmg the average 
values for apparent digestibihty of the chetary 
nitrogen and the efficiency of its conversion to milk 
mtrogen m each of the tliree periods (Table 7) Jn 
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Conversion of dietary mtrogen to mill, nitrogen The 
results m Table 7 show that m the first two experi- 
ments thjwoxmo caused a marked mcrease in the 
apparent officioncv witli which the dietary nitrogen 
was converted to miUc mtrogen IVlien hormone 
treatment ceased an even more marked change, m 
this COSO a decrease in apparent efficiency, occurred 
Of the two control cows (2 and 6) one behaved 


Table 7 The apparent digestibility of the dietary nitrogen and the efficiency of conversion 

of the dietary nitrogen to milL nitrogen 


(The apparent digestibility is defined os 100 ^ faecal h. ) conversion of dietary N to milk N is expressed ns 

Milk N X 100 ^ 


the ratio 


Intake N - faecal K 


. ) 


Intake N 

Apparent digestibihti 
Penod 


Conversion of dietary X to milk N 
Penod 


Esp no 

Cow no 

1 

2 

1 

1 

63 

61 


2 (control) 

67 

00 


3 

00 

52 

2 

4 

01 

50 


0 (control) 

01 

56 


C 

03 

50 

3 

7 

69 

02 


8 

04 

00 


3 ' 



1 

0 

3 

57 

50 

55 

32 

03 

06 

50 

40 

58 

40 

71 

33 

55 

43 

52 

30 

54 

' 44 

47 

48 

00 

50 

55 

33 

5 - 

51 

60 

47 

54 

3D 

40 

33 


Exp 1 the apparent digestibility with control cow 2 
mcreased as the experiment progressed, whereas 
with the treated animals there vas a substantial 
decrease during thyroxme treatment In Exp 2 
the control animal (no 6) showed a progressive 
decrease m the apparent digestibihtj'' of its dietary 
mtrogen Tlie treated anunals, on the other hand, 
like the treated animals m the first experiment, 
showed a decrease durmg hormone treatment, wluch 
changed to an mcrease when hormone treatment 
ceased In Exp 3 there was no significant difference 
m tlie results for periods 1 and 2, but when thyroxme 
treatment ceased the apparent digestibdity de 
creased This difference between the changes noted 
m the first two experiments and those m the third 
IS probably associated with the much Ingher level of 
feedmg m the last experiment It may be concluded 
that at the lower levels of feedmg the apparent 
digestibility of the dietary mtrogen tends to be 
decreased when thyroxme is admimstered Esti- 
mation of the moisture content of the faeces through- 
out the entire experiment showed that during 
thyroxme treatment the faeces were more moist 
They were also obviously jsofter and more hquid 
than m the control periods This might tend to cause 
the contents of the alimentary tract to be retamed 
for a shorter tune durmg thyroxme treatment than 
IB usually the case, and this, m turn, might cause a 
reduction m the amount of mtrogen absorbed With 
cows 7 and 8 the more rapid passage of food caused 
by thyroxme treatment would tend to offset the 
effect of the more hberal feeding 


differently' from the other m tins respect The 
efiicieucy of con\ ersion decreased with cow 2 and 
mcreased with cow 6 as the experiment progressed, 
blit they both differed from the experimental animals 
m not showmg a maximum m penod 2 In Exp 3 the 
bettor fed cows (7 and 8) did not show any' significant 
change m efficiency of com ersion when thyroxme 
was giv en, m spite of the larger mcreases m milk 
yield Tlioy also showed smaller decreases m effi- 
ciency' of conversion when thyroxme was discon- 
tmued 

Discussioisr 

Tlie experiments reported show that, under con 
ditions of controlled food mtake, the effect of 
thyroxme m stimulating the y'leld of milk can be 
attnbuted mainly to an mcrease in catabolism Tlie 
metabohe rate, as measured by the pulse rate, is 
much accelerated, so that weight is lost and mtrogen 
balance becomes negative However, negative 
mtrogen balances durmg thyroxme treatment can 
be inhibited by a more liberal allowance of food 
This dimmution of catabolism as a result of m- 
creMmg food mtake recalls a similar phenomenon, 
reported by Cuthbertson (1942), Croft & Peters 
(1945) and Taylor (1943), who found that large 
negative mtrogen balances resulting from trauma 
could be reversed by mcreasmg the food mtake 
The effects of thyroxme m mcreasmg catabolism 
were reversed durmg the period following its discon- 
tinuance Hitrogen retention mcreased markedly, 
the pulse rate reverted to somewhat less than its 



EFFECT OF THYROXINE ON METABOLISM OF COWS 243 


Vol 43 

pretreatnient level, and the graphs for the yields of 
milk and rmlk fat showed distmct minima Durmg 
this last period of the experiments tissue anahohsm 
eindently took precedence over miUr secretion m its 
claim for available nutrients 

Tlie foodstuffs used m these experiments were, 
with the exception of groundnut, such as can readily 
be grown m Bntam It might, therefore, at tunes be 
economic to obtam a temporary mcrease of the milk 
supply by the feedmg of lodmated casern, the action 
of which IS very similar to that of thyroxme 
Although such feedmg would temporarily mcrease 
catabolism, any consequent ill effects would be 
largely overcome by the stimulus to anabohsm 
which occurs when the treatment is discontmued 
Any subsequent loss of efficiency by the cow would 
have to be balanced against the temporary gam of 
miUc yield without any mcrease m the number 
of cows m the herd, m the man hours or m the 
materials other than foodstuffs requued for its 
production 


SUMMARY 

1 The effect of mjectmg 10 mg tliyroxme/day for 
4 weeks mto cows at tliree different levels of food 
mtake has been mvestigated The resultant mcrease 
m milk yield was accompamed by an mcrease m 
pulse rate, by loss of weight, by markedly negative 
mtrogen balance and by an mcrease m the excretion 
of water and creatme m the urme Tlie percentage of 
fat m the rmlk was mcreased and small but statisti- 
cally significant increases were observed m the per- 
centage of sohds and of mtrogen m the fat free mdk 

2 Tliyroxme appeared to stimulate lactation by 
mcreasmg the cows’ catabolism, and this resulted m 
negative mtrogen balances 

3 The negative mtrogen balances could be m 
hibited by mcreasmg the mtake of food 

The author wishes to thank members of the staff of the 
Hannah Institute for help m these experiments Thanks are 
particularly due to Dr N C Wright for suggesting the 
mvestigation, and to Dr J A. B Smith for his coUahoration 
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The Effect of Thyroxine on the Metabolism of Lactatmg Cows 

2 CALCIUM AND PHOSPHORUS METABOLISM 


By E C OWEN, The Hannah Dairy Research Institute, KtrUitll, Ayr 
{Received 22 December 1947) 


In the pre\nous paper (Owen, 1948), experiments 
hai o been described on the effect of thyroxme m- 
jections on tho mtrogen metsbohsm of lactatmg 
cows Durmg those experimonts, data for the calcu 
lation of calcimn balances were obtemed for all the 
cows, and data for phosphorus balances for two of 
them Tho purpose of the present communication is 
to report tho effect of tlnmoxme on the calcium and 
phosphorus contents of the milk, and also on the 


calcium and phosphorus metabolism of the cows 
when thyroxme was administered with the object of 
mcreasmg the milk yield 

EXPERIMENTAL 

The general plan of the eipenments and the nature of the 
rations have been desenbed already (Owen, 1948) There 
were three expenments, each comprising thrM penods The 
mtention was to have three cows m each experiment, but m 

16 2 
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the Inst espenment only two of the three completed the 
required period m the metnbohsm house There were, there 
fore, eight nmmals in all In the first and third periods of 
each experiment, no thyroxine was given, but m the second 
period two of the cows were injected with 10 mg thj roxmo 
dady for at least 28 days The third cow acted ns a control 
and received no thyroxmo in any of the periods For all 
eight nmmals Ca was determined m the food, milk, unno 
and faeces, and from these data the Ca balances were 
calculated for each period For the two nmmals in the third 
experiment the same was done for P 

Jlethods Owmg to the amount of work involved in 
metahohsm studies of this typo ivith largo nmmals, the Ca 
and P analyses had to be earned out after the mam cxpcri 
mental work was fimshetl It was necessary, therefore, to 
store samples of the food, milk, unno and faeces Jlilk 
samples were preserved with formaldehj dc, faeces were 
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RESULTS 

MtlL composition TIio average figures for the 
content of calcium and phosphorus m the fat free 
milk are showTi m Table 1 Inspection and statistical 
analysis of these results showed that the variations 
vvliicli occurred m the calcium content could not be 
attributed to the admimstration of thyroxme Tlius, 
vnth cows 1,3,0 and 7, there w as a slight mcreose m 
the calcium content during thyroxme treatment os 
compared with the preceding period, whereas, vnth 
cows 4 and 8, there was a slight decrease Of the 
control cows, no 2 showed a slight decrease and 
no 5 a slight increase m calcium content during 
period 2 ns compared vnth period 1 


Table 1 The calcium and phosphorus contents of the fat free milk 
before, during and after thyroxine treatment 

(Tliyroxino was given during period 2, exeept to the control cows 2 and 5 ) 



Calcium (g /lOO ml ) 

Period 

Phosphonis (g /lOO ml ) 

Penod 

A 

Cow no 

1 

2 

N 

3 

' 1 

2 

N 

3 

1 

0 104 

0 116 

0 130 

— 




2 (control) 

0 114 

0 109 

0 127 

— 

— 



3 

0 107 

0 116 

0 117 

— 

— 

— 

4 

0 125 

0 119 

0 125 

— 




6 (control) 

0 090 

0 094 

0 005 

— 

— 



0 

0 130 

0 138 

0 142 

— 

— 

— 

7 

0 128 

0 142 

0130 

0 0945 

0 1089 

0 09CO 

8 

0 141 

0133 

0 134 

0 0940 

0 1100 

0 lOOS 


stored dry in stoppered bottles and urme samples were kept 
m a refingerator Before analysis the unne samples were 
made acid to dimethylaminoazobenzcno (TOpfer’s reagent, 
pH 2 9) by additions of 0 ^ HCl By tlus menus any deposits 
of Ca and phosphate were dissolved, and copious pre 
cipitation of une acid occurred Analysis of this precipitate, 
however, showed that it did not contain any Ca or P Every 
second 2 day sample of food, milk and excreta was analyzed 
Analytical methods used were identical with those employed 
previously m human balance expenments (Owen, 1939) The 
samples were ashed m vitreosd basms m an electric muffle 
furnace which was thermostatically controlled so that its 
temperature did not exceed 600° 10 % 5Ig(NOj)2 was added 
to food, milk and faeces to prevent loss of P by volatdization, 
and the samples were dried on a sand bath before being 
placed m the muffle furnace The ash was dissolved m warm 
6 n HCl and made up to a known volume After sdica had 
been allowed to settle overmght, samples were taken for 
analysis With unne it was found impracticable to estimate 
Ca and P on the same sample of ash This was because, on 
using Mg(N 03 )i to bmd the P, senous deflagration occurred 
when the mixture was dned, w hils t, with MgClj , the resultmg 
glassy ash caused the basms to crack on coohng For 
estimating P, therefore, the urme was digested with H,S 04 
and 30% HjOj (Horecker, Ma &, Haas, 1940), and for the 
estimation of Ca the urme was ashed m the muffle furnace 
without addition of magnesium salts The final stage m the 
estimation of calcium was the titration of Ca oxalate with 
lOInOj In the P estimation the strengths of the coloured 
-solutions were determmed m a Spekker absorptiometer 


The phosphorus results were obtained for two 
cows only, but with botli of them, tliere was a 
marked mcreose m the phosphorus content of the 
fat free milk durmg thjT’oxme treatment, and after 
treatment ceased the values tended to return to- 
wards their pre thjToxme level The mcreases of 16 
and 17 % , which occurred during hormone treatment 
as compared with the pre thyroxme level, were 
statistically significant 

Calcium metabolism Durmg all periods of the 
expenments (Table 2), the cows were m negative 
calcium balance, except for cow 4 wluch showed a 
small positive balance of 0 9 g Ca/day m the penod 
after th;^oxme treatment ceased The type of 
fluctuation occurrmg from one 4 day penod to 
another, as foimd m Exp 3, can be seen from Fig 1 
It IS clear that the output of calcium m the unne did 
not vary appreciably, and that it was not affected 
by thyroxme treatment 

It wiU he noted that a mmimum occurred m the 
graph of calcium intake (Fig 1) This resulted from 
the fact that the chief source of calcium m the diet 
was the hay, and durmg that particular penod of 
Exp 3 the calcium content of the hay was low Tlie 
apparent digestibihty of the calcium is shown m 
Table 2 Tlie values became negative in periods 
2 and 3 of the third expenment 
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Table 2 The apparent digestibility of calcium and a summary of the results required 

to obtain the calcium balances 


(Thyroxine vraa giren’darmg penod 2, except to the control coirs 2 and 6 All results irhich are average figures are given 


m g Ca/day ) 

Exp 

no Ck)ir no 

1 1 

2 (control) 

3 

2 4 


6 (control) 


a 


-3 7 

8 


Penod 

Ca 

intake 

Mdk~ 

Output of Ca 

A 

XJnne 

Eaeces 

Total 

output 

Balance 

Apparent* 
digestibility 
of Ca 

1 

14 6 

96 

06 

11 1 

21 3 

- 67 

24 1 

2 

146 

83 

04 

12 5 

21 2 

- 64 

15 0 

3 

14 6 

6 1 

09 

119 

17 9 

- 33 

19 0 

I 

16 2 

13 2 

09 

110 

25 1 

- 99 

27 8 

2 

16 2 

118 

08 

9 1 

217 

- 65 

40 5 

3 

16 2 

115 

06 

98 

219 

- 67 

3a 0 

1 

14 9 

12 4 

12 

94 

230 

- 81 

37 2 

2 

14 9 

13 1 

18 

9 1 

240 

- 9 1 

38 9 

3 

14 9 

73 

26 

73 

17 2 

- 23 

61 0 

1 

18 3 

10 4 

07 

12 8 

23 9 

- 66 

30 4 

2 

19 3 

10 0 

11 

16 0 

27 1 

- 78 

16 9 

3 

19 2 

6 6 

12 

11 6 

18 3 

+ 09 

39 8 

1 

19 6 

89 

16 

12 7 

23 1 

- 36 

348 

2 

19 1 

7 6 

20 

14 4 

240 

- 49 

24 6 

3 

18 9 

74 

20 

13 9 

23 3 

- 44 

26 8 

1 

20 3 

14 8 

16 

13 5 

29 8 

- 95 

33 5 

2 

20 3 

16 4 

07 

14 2 

30 3 

-10 0 

29 7 

3 

20 2 

82 

12 

13 2 

22 6 

- 24 

33 0 

1 

410 

210 

18 

33 8 

67 2 

-16 2 

17 2 

2 

400 

26 8 

16 

40 9 

09 2 

-29 1 

- 22 

3 

314 

15 1 

16 

36 8 

63 4 

-22 0 

-17 2 

1 

39 4 

20 6 

18 

314 

63 8 

-14 4 

20 3 

2 

36 2 

18 3 

12 

38 7 

68 2 

-22 0 

- 69 

3 

256 

76 

17 

35 1 

443 

-18 7 

-37 1 

t 


• Ton (Intake of Ca - faecal Ca) 
Intake of Ca 



lig 1 Tiio effect of fhiToxmc on the output of calcium m milk, urme and faeces The calcium mtake is also shoirn 
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Phosphorus mctabohsm Tlie data obtained for 
calculating the phosphorus balances for cons? and 8 
are shown m Table 3 The balances were all positive 
tliroughout the whole of Exp 3, and in this respect 
they resembled the mtrogen balances rather than 
the calcium balances 


194S 

attributed largely to the decrease m miUi jneld, 
which resulted m a dimmished output of calcium m 
the milk durmg the third period In the third ox 
penment, the negative balances were more marked 
durmg thsToxmo treatment than either before or 
after treatment Tlus w os duo mamly to an mcreose 


Table 3 The apparent digestibility of phosphorus and a summary of the results required 
to obtain the phosphorus balances in Exp 3 



(Thyroxino 

w os given durmg period 

2 All results w hich nro 

average figures iirc given in 

g P/dfi} ) 





Output of P 




Apparent* 

Cow 


Intake 

i 

s. 

s 

Total 


digestibility 

no 

Penod 

of P 

Ahlk 

Unno 

Faeces 

output 

Balaneo 

ofP 

7 

1 

51 3 

15 8 

0 25 

30 5 

40 0 

+ 47 

40 0 


2 

GO 2 

20 1 

0 02 

35 1 

50 1 

+ 10 1 

40 0 


3 

61 2 

11 1 

0 41 

31 C 

43 1 

+ 81 

38 3 

8 

1 

45 7 

14 2 

0 18 

27 3 

41 7 

+ 40 

40 3 


2 

55 0 

15 0 

0 58 

29 3 

44 9 

+ 10 1 

40 7 


3 

35 9 

5 8 

044 

23 4 

29 0 

+ 03 

34 8 


^ --- (Intake of P - faecal P) 
Intoko of P 


The outputs of phosphorus in the imlk, faeces and 
urme were aU greater m the thjToxmo period than 
m the periods precedmg and foUowmg hormone 
treatment Unhke the corresponding results for 
calcium, the urmary output of phosphorus was \ ory 
markedly mcreased, but tlus mode little difference to 
the total excretion since the proportion of the output 
accountable to the urme was very small In spite 
of the fact that the output of phosphorus was 
mcreased durmg the thyroxme period, the balances 
showed that the amount of phosphorus retamed by 
the cows was also greatest m that period It was 
possible to have mcreases occurrmg simultaneously 
m both output and retention m period 2, smee 
durmg that period extra rations were fed accordmg 
to the mcrease m milk production, and this led to 
a greater mtake of phosphorus The apparent di- 
gestibihty of the phosphorus (Table 3), unlike that 
of calcium (Table 2), was higher durmg the thyroxme 
period than m the other two periods 

DISCUSSION 

Negative calcium balances m lactatmg animals m 
early or rmd-lactation are qmte commonly observed 
(Mackmtosh, 1938, Garry & Wood, 1946) It is not 
surprismg to find, therefore, that with the animals 
used m the present work, the calcium balances were 
almost aU negative, the only exception bemg the 
value for cow 4 m the third period of Exp 2 which 
was shghtly positive In the first two experiments 
the balance m the first period was on the whole very 
similar to that durmg th3rroxme treatment, but a 
big decrease m negative balance occurred after 
thyroxme administration had ceased This can be 


m the output of faecal calcium durmg the thyroxme 
period Indeed, it can be seen from Fig 1 that faecal 
output of calcium was closely paralleled bv total 
output Before these results were obtamed, it was 
expected, from the work of Hunter (1930) on 
humans, that thjuoxme treatment would cause all 
the cows to exliibit a marked mcrease m the amoimt 
of calcium excreted m the urme This, however, did 
not occur Ownng to the bulkmess and relative m 
digestibility of their food as compared with that of 
non vegetarian animals, cows imid more water m 
their faeces than m their urme, and also, their urme 
tends to be more alkalme Possibly it is due to both ' 
these facts that the faecal but not the urmary 
excretions of calcium were mcreased The absence 
of effect of thyroxme on the urmary excretion of 
calcium, and its effect on the faecal calcium, is well ■' 
shown wuth cow 7 m Fig 1 The correspondmg 
graphs for cow 8 were very smnlar The only cow 
winch showed an mcreased output of urmary cal- 
cium durmg thyroxme treatment, the mcrease con- 
tmumg after thyroxme mjections ceased, was cow 3, 
and it was this cow which excreted an exceptionally 
large volume of urme m the latter part of period 2 
and the early part of period 3 (Owen, 1948) 

The results for the apparent digestibUity of the 
dietary calcium, which are shown m Table 2, are 
very low Indeed with cows 7 and 8, negative values 
were obtamed m the second and third periods of 
Exp 3, more calcium ha\Tng been voided m the 
faeces than had been taken m m the food Hunter 
(1930) records that Aub observed this same pheno- 
menon m humans In these two cows, therefore, 
thyroxme must have brought about a large mcrease 
m the production of faecal metaboho calcium, and 
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even after tliyroxme treatment had ceased, the 
e'^cretion of calcium relative to the amount taken m 
still remamed very lugh 

Tliese negative calcium balances reuse the question 
as to whether cows on vmtter rations, to whom 
thyroxine is hemg administered either as the hor 
mone itself or eis lodmated casern, should he given 
some additional source of readily assimilable cal- 
cium Even if negative calciuni balances could not 
be entirely prevented by dietary measures, it is 
reasonable to expect that extra dietary calcium 
would help to replace the loss engendered by m- 
creased excretion m the faeces If this extra loss of 
calcium m cows treated with thyroxine were not 
replaced, the cows might have to start their next 
lactation with depleted stores of mobdizable cal 
cium Progressive chrome depletion of the skeleton 
by successive reproductive cycles of pregnancy and 
lactation on diets contammg sub optimal amounts of 
calcium has been recorded m so many species of 
animals by many observers, that an extra dram 
caused by the -administration of thyroxme should 
not he allowed to go uncompensated Some source 
of extra readily assimilable calcium such as steamed 
bone flour or defluonnated rock phosphate, or fish 
meal, could with advantage be mcluded m the 
rations of any cow to which lodinated casern or other 
source of exogenous thyroxme is to be fed 

Smce some 99 % of the calcium and some 70-80 % 
of phosphorus m the a nim al body are m the skeleton 
(JlcCollum, Oront Keiles & Day, 1939), it is perhaps 
Burprismg to find-that the phosphorus metabolism 
was so different from that of the calcium The phos 
phorus balances m Table 3 were all positive, and 
they were more strongly positive m the thyroxme 
jieriod than m either of the other two periods Unlike 
that of the calcium, the apparent digestibihty of the 


phosphorus was mcreased durmg thyroxme treat- 
ment 

It would appear from these results that phos- 
phorus deficiency is not likely to occur m cows which 
are receiving thyroxme or lodmated casern, but this 
conclusion can be put forward only tentatively smce 
it 18 realized that the results on which it is based 
were obtamed with only two cows 

SHaOIABY 

1 Eight Ayrshire cows m imd-lactation were 
used to determme the effect of thyroxme adminis 
tration on the metabolism of ealcmm and phos 
phorus With one- exception, the calcium balances 
were negative both for the treated and for the con 
trol animals throughout aU the experiments 

2 With two of the cows which were fed more 
hberally than the others, the output of calcium was 
greatest m the thyroxme period, and this was attn- 
Wtable to an mcrease m the faecal metabohc cal- 
cium resulting from the hormone treatment There 
was no mcreased output of calcium m the urme 

3 The apparent digestibihty of the dietary cal- 
cium was foimd to be very low Tlus, together with 
the negative balances, rmght well result m thyroxme 
treatment leadmg to a depletion of calcium reserves 
which would he dangerously excessive unless dietary 
measures were taken to make good the loss 

4 U nlik e those of calcium, the phosphorus bal- 
ances (obtamed for two cows only) were positive 
throughout the whole experiment, thyroxme 
actually tendmg to mcrease the amount of phos- 
phorus retamed. 

5 The calcium content of the imlk was not 
affected by thyroxme, but the phosphorus content 
was significantly mcreased 
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Lignins in Young Plants 


By a BONDI H j\LCYER, Agricultural Research Station, Rehoiot, Palestine 

(Rcceitcd 22 December 1947) 


In contrast to tJie extensive researcli into tlie pro- 
perties and structure of the v ood lignins, little work 
has been done on the lignins which occur in the cell 
walls of annual plants m considerable quantities 
Tliese amount to as much as 10-20% of the dry 
matter m the common forage plants, accordmg to 
the analj^ical methods usually employed, n hich use 
concentrated mmeral acids for hgnm determina- 
tions Degradation experiments ha\e been carried 
out onlj with lignins contamed m the more woody 
tissues of tins kmd, such as maize cobs or ^ anous 
straws, where a closer sirmlarity to the wood lignins 
exists (Philhps, 1944) The lignins of j^oimg green 
plants seem to be digestible to a certam extent ( Juon, 
1934, Crampton, 1939, McAnally, 1942, Bondi &, 
Meyer, 1943), ■aliereas lignins m straa or maize cobs 
were foimd to be practicaUj mdigcstiblo (Komg 
Furstenberg, 1900-7 , Thomann, 1921 , RogozinskuS: 
Starzewska, 1929, Ferguson, 1942) 

Lignins from yoimg plants and from ammal faeces 
have, to our knowledge, not been prepared m pure 
form This paper presents an attempt to isolate 
hgnms m a state of comparatii e puritj from a 
number of young plants, and to m^estlgate their 
chermcal properties m order to compare them with 
the better known vood hgnins Furthermore, 
hgnms were prepared from the faeces of sheep which 
had been given the same plants as then sole food 
This procedure showed us to foUoa the chemical 
changes undergone by tho ngnins m the body of 
a typical ruminant \ 

EXPERniENrAL 

Materials 

All the plants used for Iigmn extraction (and fed to sheep 
for obtaining faeces) were annuals, as follows, the age at 
ontting being given m parentheses 
EragrosUs tef (2 6 months), PenciUaria (2 5 months), 
Selana ttahea (2 6 months), and Hordeum munnum, wild 
barley (3 5 months) represent the Grammeac 
Tnjolium alexandrmum bersem, Bersem clover (1 5 
months), T alexandrmum faith, Fahh clover (2 6 months), 
Arachis hypogea, peanut hay (4 months), and Lathyrus 
ochrvs, Cyprus vetch (2 months) represent the Legummosae 
Plants belonging to these two famihes were chosen because 
they show characteristic differences Legummosae remain 
comparatively soft and non hgneous untd the last stages of 
their development, while m the Grammeae woodmess sets in 
early especially m the stalks None of the plants used m 
fliiB mvestigation was very woody Peanut hay and wild 


barley i\ ere the materials in which v, oodmess haddereloped 
most 

The plant matenal was dnided into two parts one was 
dned and the ligmn subsequent^ extracted, the other part 
was fed to sheep In accordance with the usual procedure 
in digestibilitj experiments (sec Bondi t Jleyer, 1940), the 
vanous plants were m each case gnen to the sheep, kept m 
metabolism cages, ns their only food After a prehmmarv 
period of C daj s, faeces of the sheep were collected durmg the 
foUmnng experimental penod of 10 daj s From the dned 
sheep faeces, lignm iras extracted as in the case of the plants 

Extraction methods 

The separation of hgnm from the other com 
ponents of the plant can bo achiex ed m two wav s 
Ono IS to dissolv'e out all materials other than hgnm, 
and leav e it as tho onlj remammg matenal In the 
second method tho hgnm is dissolved out of the 
plant tissues leavmg the other materials The first 
method requues the action of concentratod mineral 
acids on tho plant mat-enol In our experience, 
however, tlus method is not smtable for the pre 
paration of larger quantities of hgnm from green 
plants, smeo the action of strong acids may cause the 
condensation of soluble carbohydrates contamed m 
them, givmg black insoluble substances often 
erroneously classified as ‘hgnms’ (see Hilpert & 
Hellwage, 1936) 

Tlie second tjqie of methods for the isolation of the 
li gnin mcludes those m which hgnm is extracted by 
the action of orgamo solvents such as ethanohe HCl 
or phenol, or bj alkah We did not use orgamc 
solvents for extraction, since these brmg about con- 
densation reactions or even degradation of the 
lignm Instead, we had recourse to the extraction of 
hgnm by means of alkah At first we used the 
method proposed by Phillips & Goss (1934) for the 
extraction of hgnm from maize cobs They extracted 
the hgnm with 60 % ethanol containmg NaOH (2 % 
w/w) and, after evaporatmg the ethanol, pre 
cipitated it with an excess of ice cold 0 4N-II2SO4 
The jnelds of hgmns obtamed from green plants by 
these methods were v^ery small 0 8-1 6 % of hgnm 
were obtamed from plants, and 0 9-1 8 % from 
faeces These figures are much smaller than those 
obtamed m the analytical determmation of hgnm 
by treatment with concentrated acids, wluch gives 
values of 10-16 % m the same forage plants and 
faecal matter The hgnm obtamed by Pliilhps s 
method also contains 1 1—3 2 % N, accordmg to the 
type of forage plant Neither an mcrease of the 
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concentration of the ethanol in the extracting 
solution (up to 96 %), nor an increase in the concen 
tration of l^^aOH (up to 10 %), brought about either 
a noteworthy increase in the hgnin yield or a decrease 
in the nitrogen content of the hg nin The raising of 
the ethanol concentration in the extraction hquid 
brought about a decrease m the hgnin yield 

Since, in spite of the varying of the expeninental 
conditions, the extraction of hgnin with ethanohc 
NaOH did not give practical yields, another method 
was worked out usmg hot aqueous 0 6 n NaOH (see 
also Plulhps, 1929) By this method hgnins are 
extracted together with considerable amounts of 
polysaccharides, probably hemicelluloses Both 
materials are precipitated by acidifying the alkahne 
extract Tlie lignins are separated from the herm 
cellulose by redissolvmg the precipitate m alkah and 
addmg a large excess of shghtly acidified ethanol, 
which dissolves the hgnins, leaving the hermcellu 
loses The ethanol soluble hgnms stdl contam about 
20% of hemicellulose, which can, however, be 
remoi ed easily by a mild acid hydrolysis The expen 
mental details are as follows 

The plant or faecal matenal is ground coarsely, extracted 
thoroughly with ether and dried. 1 kg of this matenal and 
121 of 0 5x NaOH are put m a vessel of about 16 1 capacity 
(to avoid foaming over), and heated for 8 hr to 80-85°, with 
contmnous stimng The entire contents of the vessel are 
filtered through cheese cloth, and the residue is washed 
so\ eral times with water (6-6 1 m all) The washings are 
combmed with the filtrate, while the residue is extracted 
three more tunes under the same conditions The extracts 
are combined and evaporated tn vacuo to about one third 
of their ongmal volume After coohng, the residue is acidified 
with Dn HjSOi This precipitates the hgnm (together with 
considerable amounts of hemicellulose) which is allowed 
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to settle out, after which the supernatant hqmd is decanted 
The precipitate is washed several times with water, which is 
decanted off each time, untd the supernatant hqmd appears 
only shghtly yellow The precipitate is then separated by 
centrifuging at 2000 r p m for 16 mm., or by filtrabon. 

In order to purify the crude product it is agam dissolved m 
the smallest possible quantity of warm aqueous 1 25x 
NaOH. This solution is added to 4 vol of 96 % ethanol and 
acidified slightly The dark brown supernatant hqmd which 
contains the hgnm is separated from the residue (1) by 
filtration or centnfugmg The greater part of the ethanol is 
then driven off, this causes precipitation of the ligmn The 
resultmg aqueous suspension of hgnm is treated with enough 
NaOH to dissolve all the hgnm, and then 6x HjSOi is added 
to make it just acid, cansmg separation of the hgnm m 
volummous flakes The hgnm is difiicnlt to filter and contams 
varying amounts of hemicellulose In order to remove the 
latter, the acidified suspensioa is heated to boihng At this 
temperature hydrolysis of the hemicellulose and coagulation 
of the hgnm take place, and the hgnm precipitate becomes 
coarse and easily filtrable The impurities remam m the 
solution, which is usually deep hrown m colour During the 
first precipitation the hgnm loses 12-16 % of its weight A 
second precipitation causes it to lose 2-3 % m subsequent 
reprecipitation no measurable quantities of hgnm are lost 
After the second reprecipitation, the N, ash, and OCH, 
contents of the hgnm remam constant Lignm obtamed m 
this manner stdl contains 1-2% of ash 

The residue (1) remaining after solution of the ligmn is 
agam dissolved m warm 1 NaOH. The solution is 
filtered or centnfuged, acidified with 6 n HjSO^, and mixed 
with 6 vol of 96% ethanol, whereupon precipitation of 
yellow flakes takes place and the hgnm still present dissolves 
in the ethanol Solution and reprecipitation are repeated, 
until the supernatant flmd is colourless The ethanohc 
solutions are collected and treated for a further yield of 
hgnm. The precipitated flakes are suspended m water and 
washed by decantation tUl the complete disappearance of 
SOj” The hgnm fraction obtamed by separation from the 
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Table 1 Yields of hgnin and nitrogen contents of the different hgnins and the original materials 


N contents 



\ lelds from 

^ 

A 


dned ongmal 


Dned ongmal 


matenal 

Ligmn 

matenal 

Matenal 

(%) 

(%) 

(%) 

Fragrotlts tef Plant 

64 

1 18 

1 86 

Faeces 

90 

1 31 

1 15 

Pcncillaria Plant 

46 

121 

1 08 

Faeces 

7 1 

140 

1 08 

Setaritt tialica Plant 

5 1 

1 41 

1 08 

Faeces 

68 

1 62 

1 20 

Wild barlc 3 Plant 

6 1 

163 

0 52 

Faeces 

65 

1 70 

0 71 

Bersem clo\ cr Plant 

5-0 

2 92 

2 99 

Faeces 

46 

317 

2 10 

Fahh clover Plant 

3-0 

3 36 

1 67 

Faeces 

34 

3 92 

1 62 

Peanut ha\ Plant 

52 

3 24 . 

3 12 

Faeces 

63 

3 45 

3 28 

Ckqirus vetch Plant 

41 

3 30 

2 48 

Faeces 

06 

3 41 

1 94 
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henucellulose residue r\ as always identical with the pnncipal 
product (containing tlio same percentage of N and OCHj) 
and, therefore, it is combined with the latter 

The combmed precipitates of hemicoUuloses are then 
suspended m acetone, in which they are boded tliree times, 
filtered and dried at 40° in vacuo This matcnal, on hydrolysis 
with boihng 0 4\ H2SO4 loft a residue of about 10% eon 
sistmg of hgnm The rest 11 as split completely into reduemg 
sugars, and is therefore assumed to bo a hcmicellulose 

Yield and N content of the lignins prepared from 
different plant and faeces materials are presented m 
Table 1, and their OCH3 contents m Table 3 In 
several cases the lignins obtamed m tho first to 
fourth extraction were precipitated and treated 
separately The N and OCH3 contents of the hgnms 
prepared from the different extracts n ere practically 
uniform, thus ehmmatmg the need for their separate 
treatipent tliroughout 

Properties of hgntn 

The various hgnms prepared by extraction with 
0 6 k NaOH are light to dark brown, fine powders, 
decomposmg without meltmg on bemg heated to 
400® They are easily soluble m dilute NaOH, m 
ethanol, and m acetone Up to 70 % of the matenal 
is soluble m 98 % acetic acid It should, however, 
be noted that completely dry% glacial acetic acid will 
not dissolve hgnm either cold or hot , solution only 
occurs after the addition of 2-3 % of water Phenol 
and ^-naphthol dissolve up to 16 % of their weight of 
hgmn when heated about 20° above their meltmg 
pomts Lignms are not soluble m other common 
solvents 

The hgmns prepared by us proved to be com 
pletely free from carbohj^drates The hydrolysates 
obtamed accordmg to Waksman’s method for the 
detemunation of henucellulose and cellulose wore 
always found to be completely free of reduemg 
sugars (cf Bondi^& Meyer, 1943) Norcould furfural 
be obtamed by distillation with 3 k-HC 1, as m the 
ToUens pentosan detemunation 

Nitrogen content of hgnm 

Wood lig nin IS practically free from N V ery small 
quantities of N (0 2-0 3%),foundmwioodhgnm, are 
considered by Kalb (1923) and Paloheuno (1926) to 
be accidental unpunties caused by protem materials 
hy^drolyzable only with difficulty, and Waksmim 
(1938) assumes that there are hgnm protemates 
present m humus hgnm which are difficult to spht 
PhiUips, Goss, Dans & Stevens (1939) found someN 
m crude hgnm from oats, which decreased m 
quantity with mcreaamg age of the plant Our 
experiments show with certamty that the N content 
of hgmn prepared from green plants is due neither 
to accidental contammation with protem nor to the 
presence of hgmn protem complexes The constanoy 
of the N content of hgnm prepared from the same 
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plant material m consecutive extractions and by 
different methods shows that there can bono question 
of fortmtous contammations 

In order to a\ oid the formation of hgnm protem 
complexes during extraction, on attempt was made 
to remove the protem before extraction by treat- 
ment of tho plant matenal with 0 06K-KaOH It 
was found that 80-90 % of tho protem present m 
the origmal material was removed by this pre 
Imunary treatment, but that at tho same tune most 
of tho hgmn also went mto solution Lignins pre- 
pared from material that had undergone this 
prelinunnry treatment were practically equal m K 
content to those obtamed without prehinmary 
treatment On tho other hand, the jneld of hgnm 
was greatly reduced, so that tlus prehmmary treat 
mont with NaOH was of no practical use 

A trial was also mode of treatment of the plant 
material with a solution of pepsm m dilute HCl m 
order to secure a dimmution of the protem content 
By this method, too, 60—76 % of the protem present 
was removed, but the hgnm from plants given tlus 
prehmmary treatment shoved approximately the 
same N content as that from plant material which 
did not receive it Tlus equal N content of hgmns 
prepared from protem-nch plants and of those from 
which most of their protem had been removed, 
argues against the hjpothesis that condensation 
between hgnm and protem takes place durmg the 
extraction of hgmn 

FmaUy, experiments v ere imdertaken which were 
mtended to find out whether the N m hgmn was 
protem N or not The N content of the hgnms was 
not diminished by vngorous acid h3'drolj’sis (re 
fluxmg for 24 hr with 6 k H5SO4) or by mild 
hydrolysis (digestion with 0 6 k-HC 1 for 24 lir at 
38°) Both treatments brmg about the dissolution 
of 10-16 % of the hgnm, but the solutions do not 
contam N and the N content of the remainmg hgmn 
rises proportionally to the weight loss Repetition 
of the hydrolytic treatment leaves the hgnm com- 
pletely unchanged Tlie same result was obtamed 
when pepsm was added to the HCl solution The N- 
contammg portion of the hgnm was equally resistant 
to pancreatm at its optimum pH of 8 0 At this pH 
lig nin IS soluble, but no degradation of the hgnm N 
could be obtamed by this method The resistance of 
the lig nin N to hydrolysis by mmeral acids or by 
enzymes shows that it cannot be protem N Addi 
tional evidence for tho non protem nature of hgnm 
N IS furnished by the fact that the N content of 
faecal hgnm is not lower than that of plant hgnm, 1 e 
the digestive enzymes of the ru min ant have no 
influence whatsoever on hgnm N 

Nor can hgnm N be primary or secondary amme 
N, as IS shown by the resistance oChgum N to dis 
tiUation of the hgnms with concentrated NaOH and 
to treatment of the hgnms vpth NaNOj (no liberation 
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of N occurred and the N content of the lignm 
remamedtmchanged) Therefore, the only poseibdity 
left IS that the N is present as tertiary N, possibly as 
a cychc compound In tins connexion it may be 
mentioned that derivatives of pjuidme have been 
found m humus hgmn (see Waksraan, 1938), and 
that pyndme and its homologues appear regularly 
m the dry distUlation of u ood < 

In order to test this assumption of the presence of 
heterocychc N compounds m hgmn, the follomng 
experiments were earned out 

According to Shaw (1937)' pyndme decomposes on 
reduction with Na m absolute ethanol to give NH, 
and glutardialdehyde Our hgruns were, therefore, 
also subjected to reduction with Na and ethanol, os 
well as with Zn dust m alkalme solution Tliese 
treatments degraded the hgmn completely to N free 
products of low molecular weight, whde all the N is 
driven off as NHj dunng the reaction with Zn dust, 
and may be collected m acid and detemuned by 
back titration of the latter (In one set of experi- 
ments, 60-100 hr were necessary for complete 
hberation of the hgmn N, when 6 0 g hgmn were 
refluxed with 60 g Zndust, lOOg NaOHand 460ml 
water ) 

Similar results were obtamed by reduemg the 
hgmn with Na m ethanol 10 g hgmn were refluxed 
m 300 ml absolute ethanol, while 60 g Na were 
addedmsmallportions The reaction was termmated 
m 30-40 hr , hgmn N bemg recovered as NH 3 

Prehmmary experiments showed that oxidation 
of hgmn with KMnO^ m alkalme solution also pro 
duced NHj These experiments were then repeated 
quantitatively, m ewcordance with the method used 
by Chambury, Eckert, LaTorre & Kinney ( 1946) m 
mvestigatmg the nature of the N m humic aoids 
This determination showed that all hgmns 5 ueld 
70-80 % of their N content as NH, m the course of 


oxidation For comparison, a derivative of pyndme, 
nicotmic acid, was subjected by us to the same treat- 
ment and gave similar results (see Table 2) The 
similar behaviour of the N contamed m mcotmic 
acid and m our hgmns allows us to mfer that the N 
m hgmns and m compounds contammg tertiary N 
is bound sundarly 


Table 2 Liberation of nitrogen of lignins as 
ammonia by oxidation imih EZMn 04 



Percentage N 

Loss of N as 


before 

percentage of 

Lignin from 

oxidation 

total N 

Eragroatis Icf Plant 

1 18 

76 2 

Faeces 

1 31 

75 0 

PenexUarta Plant 

121 

73 9 

Faeces 

1 41 

76 2 

Wild barley Plant 

1 63 

77 8 

Faeces 

170 

78 1 

Fahh clover Plant 

3 36 

74 6 

Faeces 

3 01' 

76 9 

Nicotimo acid 

9-44 

78 4 


Hydroxyl and metlioxyl groups in lignin 

The OCHj content of different wood hgmns vanes 
from 14 to 20 %, and is higher m hardwood hgmns 
than m softwood hgmns According to Phillips et al 
(1939) and Bondi & Meyer (1943) the OCH 3 content 
, of hgmn isolated from green plants is lower than that 
of wood hgmn, and mcreases with the age of the 
plant In barley, for mstance, the OCH, content of 
the hgmn mcreases dunng growth from 3 to 10 % 
(Phillips et al 1939) 

Table 3 gives the OCH 3 contents of the vanous 
hgmns isolated by us from plants and faeces These 
figures fall naturally mto two groups lig nm from 
the Grammeae contains 9-10% OCH3, while the 
hgmn of the Legummosae contains approximately 


Table 3 Methoxyl contmt of lignins 

Percentage OCH, iri hgmn 


After methylntion 


Lignm from 

As prepared 

With CH4II, 

With (CH,),SO, 

Eragrosiis tef Plant 

9 71 _ 

19 00 

23 48 

Faeces 

9 70 

19 02 

19 34 

PendXtana Plant 

0 65 

18 77 

22 76 

Faeces 

9 66 

19 03 

19 10 

Seiana ilaltca Plant 

9 60 

18 94 

23 04 

Faeces 

9 70 

18 81 

18 92 

Wild barley Plant 

985 

19 21 

21 33 

Faeces 

9 77 

18 48 

18 69 

Bersem clover Plant 

610 

15 29 

18 08 

Faeces 

5 22 

15 01 

16 10 

Fahh clover Plant 

5 75 

16 31 

16 70 

Faeces 

6 67 

15 42 

16 51 

Peannt hay Plant 

428 

13 40 

15 20 

Faeces 

440 

14 10 

14 09 
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one half of tins amount It is notable that a material 
like peanut ha 3 ’', m Inch on inspection appears much 
more -woody than, saj, barley, novortholess shows 
clearlj'^ h 3 ’- the OCH3 content of its lignin that it 
belongs to the Logummosoo, this shows tlint tlio 
family to which the plant belongs has, at least m 
this case, a stronger effect than tlio ago and degree of 
‘w'oodmess’ 

Table 3 also shows that the OCH 3 content of the 
ligrun isolated from faeces differs hardl 3 '- at all from 
that of the correspondmg plant ligmns, 1 o there 
IS no noteworthy rupture of ether hnlvoges in the 
aliraentar 3 tract 

The determination of OCH3 m lignm was supple 
monted b 3 ’^ the estimation of OCH3 introduced mto 
tlie hgnm All samples of Iigmn wore moth 3 latod by 
two different methods, w ith dmiethyl sulphate and 
•with diazomethane, nccorchng to the procedures 
given by Phillips (1944) 

The results of OCH3 dotermmations m the moth 3 '-- 
lated lignms are also gi-\en m Table 3 The OCH 3 
content of ligmns from Legummosae is trebled on 
methylation -with diazomethane, whilst the content 
of Grammeae ligmns is only appro-vimatol 3 '’ doubled 
We conclude from this that the OCH3 groups m 
ligmns from Grammeae (which ha\o the higher 
OCH3 content before methylation) correspond to 
unsubstituted hydroxyl groups m the ligmns from 
Legummosae Jlethylation with dimethyl sulphate 
brmgs about only shghtl 3 ' larger mcreoses m OCH3 
content than that obtamed -with diazomethane 
Comparison of the results of methylation with di 
meth 3 d sulphate and diazomethane therefore sho%v 8 
that m aU plant hgnins there are many more phenolic 
(and enolic) hydro-syl groups than ahphatic ones 
tSmee faeces ligmns, unlilve plant hgnins, gam the 
same amount of OCH3 by methylation with dimethyl 
sulphate and with diazomethane, it seems that m 
faecal hgnins non phenohe hydroxyl groups are 
completely absent 

Determination of the molecular weight of ligmn 

The values m the literature pf the molecular 
w eight of li gnin vary -widely In earher pubhcations 
Beckman & Liesche (1921a, 6 ) found, by cr 3 mscopic 
determmations in phenol, values of 762 and 784 for 


the molecular w eight of hgnm prepared from wheat 
straw , later Fuclis (1936) found a value of 900 More 
recently, Conner (1941) determmod a \alue of 3900 
by dielectric measurements These figures are com 
paratu 0 I 3 low ^ alucs for high polymers, but become 
more plausible w hen w o consider that the properties 
of hgnm are different from those of other high 
pol 3 nnor plant materials The strueturo of hgmn is 
not fibrous and the viscosity of its solution is low 

Froudonlxirg (1939) assumes that hgnm has a 
three dimensional strueturo created b 3 '- the P 0 I 31 - 
merization of from 2 to 10 moleeules of eomferyl 
alcohol This would mdicato that the molecular 
weight was comparativol 3 ’- low Substances hke 
magnalol and laricircsinol (the so called hgnanes, 
contaimng 2 or 3 h 3 ’-drox 3 iconiferyI alcohol molecules) 
liave an o\ on lower molecular weight (see Haworth, 
1942) 

Tlio differences between the molecular weight 
obtamed by the cr 3 mscopic method and those 
obtamed b 3 other ph 3 'sical methods appear to be 
due to the depol 3 Tnorization of the ligmn by the 
soh'onts used in the cr 3 ’'oscopio determination, so 
that the result is the molecular weight, not of the 
hgnm, but of the ‘structural umts’ of winch it is 
composed Furthermore, the molecular weights 
given m Table 4 should be regarded as averages only, 
smeo there is no evidence that the hgmn molecule 
breaks down to give umts identical m molecular 
weight The molecular weights given m Table 4 
should be accepted -with this reservation It should 
be noted that the molecular weights of ligmns 
obtamed from plants and from faeces are of the same 
order of magmtude 

The hgnms used for cryosoopic determmation of 
their molecular weight were purified by twice dis 
Bol-vmg m 98 % acetic acid, reprecipitatmg by dilu- 
tion with ice water and by drymg m a vacuum over 
sohd NaOH at room temperature )3 Haphthol was 
employed as a solvent, its molecular freezmg pomt 
depressionwa3determmedbyBrum(1923)as 11 26° 
Tlie determmations were carried out m a conven- 
tional Beckmann micro apparatus -with an electro 
magnetic stirrmg device, glycerol was used m the 
bath for mamtammg temperatures between 116 and 
130° 


Table 4 Molecular weight of hgnins determined by depression of freezing point of ^ naphthol 


Ligmn firom 

Pencillana Plant 
Faeces 

Wdd barley Plant 
Faeces 

Fahli clover Plant 
Faeces 

Peanut bay Plant 
Faeces 


Weight of 
hgnm (g ) 

Weight of 

P naphthol (g ) 

M 

Molecular 

weight 

0 1034 

2 1272 

0 861 

635 

0 1078 

2 2964 

0 804 

667 

0 1661 

10470 

1 600 

640 

0 1388 

1 8690 

1 327 

629 

0 2076 

1 7260 

2 205 

614 

0 1240 

2 2095 

1 042 

606 

0 1002 

0 8228 

2 203 

621 

0 1228 

16180 

1497 

608 
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Degradation of the Ixgmns 

A number of degradfition expenments were under 
taken with the pm^ose of comparing the degradation 
products obtained from plant and faeces lignins and 
from wood bgnms The processes used m this m 
vestigation were the following (1) oxidation with 
mtrobenzene m alkabne solution, (2) fusion with 
potassium hydroxide, (3) hjdrolj'sis with acid 
ethanol under pressure 

(1) Oxidation of lignins with nitrobenzene and alkali This 
reaction, ivhioh was successfully used by Freudenberg, 
Lautsch L Bugler (1940) and by Creighton, Gibbs Hibbert 
(1944), consists in treatment m NaOH solution with mtro 
benzene at 160-200° under pressure for several hours After 
removing the reduction products of the nitrobenzene by 
steam distillation the solution is acidified and extracted with 
ether The ether solution is successively extracted with 
solutions of NaHSO,, NaHCO, and NaOH, to separate 
aldehydes, acids and phenols, respectively Four 30 g 
samples of each ligmn were treated with mtrobenzene and 
were combmed before the ether extraction. Tho aldehyde 
extracts were acidified and SOj removed in vacuo, after which 
the solution was divided mto two ports The total aldehydes 
were precipitated from one part with a 2 % solution of 2 4- 
dmitrophenylhydrazme m 2 n HCl The precipitate was 
filtered off, washed with water, dned and tho OCH, content 
a as detenmned From the other part of the aldehyde 
fraction the aldehydes wore extracted with ether, this was 
removed and the aldehydes sublimed m a high vacunm 
A particularly remarkable fact is the total absence from 
the plant hgnins mvestigated by us of synngaldehyde, a 
ohoraotenstic component of the aldehyde fiwotion of hard 
wood lignins When the aldehydes were distilled at a pressure 
of 0 1 mm no firaction could be obtained with a higher 
b p than 160° (synngaldehyde distils at 220-260° at this 
pressure) In the distillate, vanilhn and p hydroxybenzal 
dehyde could be separated, according to Creighton A Hibbert 
(1944), by means of their different solubdities m benzene 
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and identified by mixed meltmg points The proportion of the 
two aldehydes could be calculated m each case from the 
OCH, content of tho 2 4 dimtrophenylhydrazonos 

Tlie total juelda of aldehydes and the proportions 
of vamlbn and p hydroxybenzaldebyde are given 
in Table 6 It may be mentioned for comparison 
that Creighton et al (1944) isolated 36-61 % of 
aldehydes (s 5 mngaldehyde and vaniUm) from hard- 
wood hgnins and 16-24 % of vaniUm from softwood 
bgnms p Hydroxj'benzaldehyde is not present m 
the aldehyde fraction of wood hgnins and only 
1 8% was obtamed by Creighton & Hibbert (1944) 
from maize cob bgnm 

Table 6 shows that the quantity of aldehydes 
obtamed from the oxidation of plant lignins with 
nitrobenzene vanes withm wide limits, while the 
aldehj'de fraction is almost completely absent from 
the nitrobenzene oxidation product of faecal hgnins 
It 18 remarkable that Grammeae hgnins give a far 
larger quantity of aldehydes on oxidation than 
bgnms from Legummosae Here, too, the botamcal 
family to which the plant belongs has a far greater 
influence on the composition of the bgnm than the 
degree of ‘woodmess’, as may be seen m the case of 
peanut hay, wluch belongs to the Legummosae 
Tliough the total percentage of aldehyde obtamed 
vanes greatly, the ratio of vamllm to p hydroxy 
benzaldehyde remains constant tliroughout and is 
approximately 2 1 , without bemg influenced either 
by the botamcal family or the degree of woodmess of 
the plant from which the hgmn is derived 

Tlie absence of the aldehyde fraction from the 
oxidation products of faecal hgnins shows that m the 
body the hgnm undergoes a change, which renders 
it mcapable of jneldmg aldehydes on degradation 
with mtrobenzene 


PLANT LIGNINS 


Table 6 Formation of aldehydes by oxidation of hgnins and nttrohenzene 


Lignin fitun 

^Aldehydes 
(as TOrcentage 
the lignin) 

Eragrostis tef Plant 

19 2 

Faeces 

0 

PenciUana Plant 

16 3 

Faeces 

0 31 

Setaria italica Plant 

16 1 

Faeces 

0 26 

Wild barley Plant 

216 

Faeces 

0 26 

Bersein clover Plant 

42 

Faeces 


Fahli clover Plant 

4 6 

Faeces 

0 16 

Peanut hay Plant 

83 

Faeces 

010 

Cyprus vetch Plant 

63 

Faeces 

0 04 


VaniUm 

p Hydroxy 
benzaldehyde 

(as percentage of 

(as percentage of 

total aldehydes) 

total aldehydes) 

64 3 

36 7 

0 

0 

63 8 

36 2 

0 

— 

68 1 

33 9 

— 

— 

66 6 

33 4 

66 4 

346 

— 

— 

66 0 

340 

— 

— 

64 7 

35 3 

62 0 

374 
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Benzoic acid and plienol were the mam con- 
stituents of the acid and phenolic fractions, re 
spectively, no importance can, however, be attri- 
buted to them, smee they probably origmated from 
the nitrobenzene, as was shown by oxichzmg sugars 
instead of hgruns by the same method, a hen no 
aldehydes, but considerable quantities of both 
benzoic acid and phenol were formed 

(2) Degradation of the ligmM by alJ ah fimon Tho lignins 
were fused with KOH at 200-300° according to tho method 
of Heuser (i, Wmseold (1923) A total of 100 g ofeachlignm 
was treated m batches of C g Tho melt was diluted with 
water, acidified and e^itractcd with ether After e\ aporation 
of the ether, catechol and protocatechuic acid could bo 
separated m the residue hi their different solubdities m 
benzene and identified by colour reactions (inth FeClj and 
AgXOj), and by identification of their methj lation products, 
veratrol and veratnc acid (CHjO contents and mixed meltmg 
pomts) 

Lignins from Grammeae jneld 1 30-2 26 % of 
protocateohmc acid and 0 20-0 40 % of catechol on 
alkali fusion Lignins from Legummosae j leld 0 20- 
1 00 % protocatechuic acid and 0 30-0 66 % of cate 
chol In this case, no difference between plant and 
faecal lignins could be found 

(3) Treatment mth acid ethanol (ethanolyais) By'cthano 
lysis’,ie bvreflaxingthehgmn8for40-100hr withabsolute 
ethanol contaimng 3 °o by weight of HCl, Cramer, Hunter &. 
Bhbbert (1939) obtamed a considerable number of well 
defined degradation products of wood lignm We attempted 
to use this method for the mvestigation of plant lignins, but 
obtamed onlj small amounts of degradation products, most 
of the hgnm bemg converted mto a black carbomzed moss 
For this reason wo modified this method by using aqueous 
ethanol instead of absolute, and by workmg under pressure, 
which permitted nork at a higher temperature and, there 
fore, a very considerable reduction of the reaction tune 

The detailed procedure was as follows 10 g ofligmnwcro 
dissolved m 40 ml of 2 5^ XaOH with gentle heatmg, and 
this solution was mixed with 350 ml of 85% (v/v) ethanol 
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to which 10 ml of cone H.SO4 had been added Ten batches 
of each lignm were treated m this manner Tho solution of the 
lignm m XaOH and its reprecipitation with acid juclded a 
finch divided, rcactii e producF This mixture was now put 
in an autoclave mth glass limng, and in the course of 2 hr 
heated to 180-100’, at which temperature it was kept for 
0-7 hr The black sohd residue was filtered off, dned, ex 
tracted mth ether, and agam subjected to tho same treat 
ment in 10 g batches inth acidified ethanol After the 
cthanolysis had been repeated three times, there were usuallj 
onlj small quantities of unreacted hgnm left All solutions 
were now combined and 0 25 vol of water avas added After 
evaporation of tho ethanol tn laciio, tho residue was extracted 
mth ether, and the ether extracted succcssivelj mth 
NaHSOj, NaHCOj and NaOH solutions, and thus divided 
into aldeha de, phenol, acid and nentml fractions 

Tho 3aclds of the a anous fractions are given in Table C 
As m the cose of mtrobenzene oxidation, treatment bv 
acidified ethanol juelds much larger quantities of carbonyl 
compounds from Grammeae than from Legummosae Lgmns 
In both cnees, pmcticnl}} no carbonyl compounds were 
formed from faecal lignins The composition of the aldehvde 
fraction obtamed b3 ethanolvsis is, however, complctelv 
different from that obtamed 63 nitrobenzene oxidation The 
mam part of this fraction was a light yellow oil which, after 
distillation under 0 05 mm , partially crystallized on coohng 
It was assumed that this was a benzene derivative contammg 
a side cham mth an nldeh3de or ketone group m it, manv 
such corapoimds have been found by Hibbert (1942) and 
Freudenberg ( 1 939) By addition of a Ni salt and hydroxyl 
ammo a brown complex Ni salt could be prepared, whose Xi 
content (determmed 63 dimethvlgl3 oxime after treatment 
with HJSO4) agreed with that calculated for 1 (4' hvdroxv 
3' methoxyphcnyl)propane 1 2 dione dioximo (11 03% Xi) 
This Xi salt was prepared according to Kulka, Hawkins 
Hibbert (1941) 1(4 Hvdroxy 3' methox3'phenyl)propane 
1 2 dione is the only material obtamed m this investigation 
mth a side cham contammg three carbon atoms 

The phenol fraction was separated by fractional distd 
lation mto two portions, b p 180-190° and 200-210° After 
redistdlation of each fraction, phenol and guaiacol were, 
identified as their principal components by colour reactions 
(mth FcClj , and mth FcOj and AgXOj , respectivel3 ) and bv 
tho mixed meltmg pomt of their 3 5 dimtrobenzoates 


Table 6 Amounts of degradahon products obtained by ethanolysis of hgnins 
(As percentage of the startmg material ) 


Lignm from 

Aldehydes 

Eragroatis tef 

Plant 

2 31 

Faeces 

0 22 

Seiaria ttahea Plant 

1 98 


Faeces 

0 22 

Wild barley 

Plant 

2 56 


Faeces 

0 18 

Bersem clover Plant 

0 61 


Faeces 

— 

Fahli clover 

Plant 

0 84 


Faeces 

0 04 

Peanut hay 

Plant 

0 98 

Faeces 

0 26 


Phenol 

Acids and 
neutral 
fraction 

Total vield 

6 40 

4 28 

12 99 

6 77 

5 22 

11 20 

6 24 

2 32 

10 54 

4 00 

345 

7 67 

7 83 

3 22 

13 61 

2 20 

3 18 

5 56 

1 28 

0 42 

2 31 

0 96 

1 75 

2 71 

2 65 

0 33 

3 82 

1 21 

2 02 

3 27 

4 50 

2 07 

6 65 

1 80 

3 74 

6 80 
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Vanillip acidiivas found along mth hydrosybenzoic acid, 
in the combined acid and ‘ neutral ’ fractions (the latter being 
the compounds remaining after aldehydes, acids and phenols 
rvere removed) The ‘ neutral ’ and acid fractions wore worked 
up together, because the acid fraction was alwaj s obtained 
m very small quantities only The two fractions were 
subjected to oxidation with KJInOj by the following 
method 

The residue remammg after evaporation of the other was 
dissolved in a httle ethanol, 60 ml of water were added and 
the mixture heated on the water both An excess of 4% 
ICMnO^ solution was then added The mixture was heated 
on the steam hath for 1 hr and filtered The filtrate was 
acidified with-HjSOj and extracted with ether The ether 
was evaporated and the residue distdlod under 0 05 mm 
Two fractions'xvere obtamed One had a very low OCH3 
content (0 2%), and could be punfied by digestion with ice 
cold benzene and a second sublimation under high vacuum 
Its identity with p hvdroxybenzoio acid was proved by the 
m p and mixed m p , 213-215°, with an authentic specimen, 
m-p 215° The fraction obtained at higher temperature 
could be recrystallized fixim water and a as afterwards re 
Bubhmed m a high vacuum Its m p , 205-200°, and OCHj 
content proved its identity as vaniUic acid 


DISCUSSION 
The atructure of the hgntns 

The degradation products obtained by us correspond 
to those obtained from wood hgmns It seems, there 
fore, that the unit 


(U=Hor OCH,) 


assumed by Edason (1936) andby Hibbert (1942) and 
Freudenberg (1939) to be present m wooci hgmns is 
also an essential constituent of the hgmns m young 
plants (see also Percixal, 1942) Tlie occurrence of 
wanillm and p hydroxybenzaldehyde can easily be 
explamed by the oxidative fission of the side cham" 
double bond From model experiments earned out 
recently by Wacek & Kratzl (1947) it is apparent 
that only those aromatic compounds which contam 
an olefime double bond between carbon atoms 1 
and 2 m the side chain, e g 4 hydroxy 3 methoxy- 
cmnamic acid, gix e, on oxidation with mtrobenzene, 
X amllm m good yield, while compounds like 3 4 
dimothoxv benzylacetone do not Tlie assumption 
that the aldohv des formed by nitrobenzene oxida 
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tion are denved from compounds containmg a three 
carbon side cham is supported by the findmg of 1 
(4' hydroxy 3' methoxyphenyl)propane 1 2 dione 
Howex er, the side cham is not split by ethanolysis 
and, therefore, no aldehydes can be found Vanillic, 
p hydroxybenzoic and protocatechmc acids result 
from a complete oxidation ofthe side chamto COOS, 
which 18 followed m some cases by the loss of COj, 
thus leadmg to the formation of catechol, guaiacol 
and phenol Tlie constant proportion of vamllm 
to p hydroxybenzaldohyde (2 1) observed bv us 
seems to pomt to the fact that a hgnm structural 
umt contains three aromatic nuclei, two yieldmg 
vanillin on oxidation and one p hydroxybenzalde 
liyde (the loss of a OCH3 group by oxidation with 
mtrobenzene has nev er been obsen ed and seems 
improbable) 

As aheadjf pomted out on p 263, wood hgnms 
yield, on oxidation with mtrobenzene, considerable 
quantities of aldehydes rich m OCH3, a fact which 
18 m accordance with the larger OCH3 contents of 
wood hgmns m general 

The OCH3 content of the Grammeae hgnms shows 
that each structural umt (assummg its molecular 
weight to be 625) must contam two OCH3 groups 
(theory, 9 9 % OCH3) , see Table 3 Dlethylation 
with diazomethane raises the OCH3 content to 19 % , 
which shows that two phenolic OH groups are 
methylated Smee the experimental evidence pomts 
to the presence of three aromatic rmgs, two of them 
substituted with OCH3 and OH and the third with 
OH only, one must necessarily assume that the 
remaining phenohe OH group is attached m such a 
position as to make it mcapable of bemg methylated 
with diazomethane 

Legummosae hgnins contam only one OCH3 group 
per structural umt (theory, 6 1 %) and show on 
methylation with diazomethane an mcrease m 
OCH3 content which corresponds te the-presence of 
two phenohe OH groups Smee, on oxidation with 
mtrobenzene ofthe Legummosae hgnins, vamllm and 
p hydroxybenzaldehyde are also formed m the pro 
portion 2 1 (although m smaller yields), one must 
assume that part of the umts stdl contains a system 
of two rmgs, each of them substituted with OH and 
OCH3 , and one rmg substituted with OH only Tins 
would mean that half of the Legummosae hgnm is 
methydated m the usual manner, 1 e it contains two 
OCHj groups m one structural umt The other'half 
IS not methylated at all A large part of the free 
phenohe OH groups m Legummosae hgnms is 
apparently mcapable of bemg methylated. 

Plant Ilgams take up one OCHj group* more on 
methylation wuth dimethyl sulphate than on methy^- 
lation with diazomethane mdicatmg the presence of 
one non plienohc OH group 

Plant hgnms contam, m contrast to wood hgnms, 
mtrogen as a characteristic component All hgnms 


PLAISiT LIGNINS 
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can be classified by their increasing N and decreasing 
OCH3 content as follows 

Hardwood lignins, N, nil , OCH 3 , 20 % 

Softwood ligiims, N, 0 2-0 3 %, OCH 3 , 16% 
Grammeae lignms, N, 1 2-1 G%, OCH 3 , 10% 
Legitminosae lignins, N, 2 9-3 4%, OCH 3 , 6 % 

Digestion of ligmns 

The solubilitj' of the lignms, the apparent mole 
cular weight of the biulding units, and the OCH3 and 
N content remain unchanged by digestion On tho 
other hand, the disappearance of the aldohj’-do 
fraction from among the degradation products of 
faecal hgnins shows that changes m the side chains 
of the aromatic rmgs have occurred, probablj"- by 
hydrogenation of the side cham double bond, pre 
venting then- o-adative fission and the formation of 
aldehyde groups Tlw other significant change is the 
complete disappearance of the non phenolic OH 
group indicated by the fact that tho mcreaso 111 
OCH3 content, obtamed by mothylation with ch- 
meth 3 d sulphate, is identical with that obtained mth 
diazomethano 

STOEMARY 

1 Lignms were prepared bj" evtroctioii mth 
dilute alkali from a number of annual forage plants 
and from faeces collected from sheep fed exclusively 
with the same plants Tlie plants used were 
Eragroatis tef, Pencillana, Setana itahca, Hordeum 
munnwn (wild barley), Trifohum alexandnnum 
bersem, T alexandrtnum fahli, Lathyrus ochrus and 
hay of Arachis hypogca (peanut) 


2 All lignms contained nitrogen whose presence 
is not duo to accldehtal contammation with pro 
terns, but seems to bo a charactenstic component of 
the hgnm molecule itself The methoxjd content of 
the lignms ranges from about 6 % m Loguminosae 
lignms to about 10 % in Grammeae lignms 

3 On mothylation ivith diazomethano, tho 
original mothoxj 1 content of the Loguminosae hgnms 
is trebled, that of tho Grammeae lignms doubled 
IMethjdation mth dimethyl sulphate brings about 
a small increase m methoxyl uptake o\er that 
obtamed Math diazomethano In faecal hgnins no 
additional methjdationmth dimethj 1 sulphate could 
bo obtained 

4 Cryoscopic molecular weight determinations m 
)3 naphthol show od values of about 600 both for 
plant and faecal hgnins 

6 Oxidation of the plant hgnms ■vnth nitrobenzene 
m alkali jnoldod \amllm and p-hj'-drox's benzalde 
hydo Faecal hgnms did not yield anj aldehj des 
Tho ratio of v anillm to p hj droxj^benzaldeln de was 
alnajs 2 1 

0 On fusion with potassium hj'droxide all hgnins 
gave catechol and protocatechmc acid 

7 On heating tho hgnms with ethanol contaimng 
3% sulphuric acid to 170-180° imder pressure, 1- 
(4' hj"droxy-3'-methoxj'phenyl)propnne 1 2 dione 
was obtamed only from plant lignins , both plant and 
faecal hgnins jnoldod phenol, guaiocol and an acid 
fraction, which, after further oxidation with KjMn 04 , 
jnelded vamllic and p hj'droxj benzoic acids 

8 The experimental results are discussed in 
relation to the structure of the hgnms 


REFERENCES 


Beckman, E t Lieacho, 0 (1921a) Biocliem Z 121,297 
Beckman, E &,Liescho, 0 (19216) Z angcio Chem 34,285 
Bondi, A &, Meyer, H (1940) Bull Behovol agric Res Sla 
no 27 

Bondi, A A Meyer, H (1943) J agne Set 33, 123 
Brum (1923) In Landolt-BSmstom, Phystkalisch chemxsche 
TaMlen, 2 , 1429 5th ed Berlin Spnnger 
Chambnry, H , Eckert, J W , LaTorre, J S & ICiimey, 
C R (1945) J Amer chem 80 c 67, 625 
Conner, W P I (1941) J chem Phys 9, 591 
Cramer, D B, Hunter, M I &.Hibbert, H (1930) J Amer 
chem 80 c 61, 509, 516 
Crampton, E W (1939) 8 cv Agnc 19, 345 
Creighton, B H I , Gibbs, R D & Hibbert, H (1944) J 
Amer chem Soc 66, 32 

Creighton, B H I & Hibbert, H (1944) J Amer chem 
Soc 66, 37 

Ferguson, W S (1942) Btochem J 36, 786 
Freudenberg, K. (1939) Ann Rev Btochem 8, 88 
Freildenberg, K , Lautsch, W & Engler, K (1940) Ber 
dtsch chem Oes 73, 167 
Fuchs, W (1936) J Amer chem Soc 68, 673 
Haworth, B D (1942) J chem Soc p 448 
Heuser, E & Wmsvold, A (1923) Ber dtsch chem Qes 66, 
902 

Hibbert, H (1942) Ann Rev Btochem 11, 183 


Hilport, B S A HoUwage, H (1935) Ber dtsch chem Gts 
68, 380 

Klnson, P (1936) Ber dtsch chem Ges 69, 676 
Juon, P (1934) Landtv VersSta 120, 129 
Kalb, L (1923) Cellulose Ghent 4, 38 
K6mg, I & Fiirstonberg, A (1906-7) Landw VersSta 65, 
65 

Kulkft, M , Hiiwkmt, W L Hibbert, H (1941) J Amer 
chem Soc 63, 2371 

MoAnaUy, B A (1942) Btochem J" 36, 392 
Poloheimo, 0 (1925) Btochem Z-- 166, 463 
Percival, E G V (1942) Rep Progr Chem 39, 142 
Phillips, M (1929) J Amer chem Soc 61, 2420 
Philhps, M (1944) In Wood Ohemtslry, p 272, ed Wise, 
L E New York Remhold Pubhshmg Corporation 
Philhps, M. & Goss, M I (1934) J Amer chem Soc 66, 
2707 

ThiUips, M., Goss, M I , Davis, B I A Stevens, H (1939) 
J agnc Res 69, 319 

Rogozinski, F & Starzowska, 51 (1929) Chem Ahsir 23, 
3012 

Shaw, B D (1937) J chem Soc p 300 
ThomanmW (1921) Diss ETH Zflnch, no 273 
Wacek, A. & Kratzl, K. (1947) Ost ChemZtg 48, 36 
Waksman, S (1938) Humus, p 158 London Bail]i6re, 
Tmdall A Cox 



Vol 43 


267 


Penicillin Analysis of the Crude Product by Means of 
a Modified Partition Chromatogram 

1 THEORY 'Amo USE OF THE CHROiNIATOGRAM 

By a a LEVT, Imperial Ohemtcal Industries Ltd , Research Laboratories, 
Hexagon House, Manchester 9 

(Received 1 September 1047, deposited with the Royal Society 31 October 1944) 


Crude peniciUin isolated from solvent eictraots of 
metabolism solutions (Abraham, Cham, Fletcher, 
Florey, Gtirdner, Heatley & Jenmngs, 1941, 
Abraham, Cham & Hobday, 1942), as a calcium, 
hanum or sodium salt, is a yellow to brown sohd 
which may contam well over thirty different acidic 
substances, mostly coloured Stdl further weakly 
acidic and neutral substances remam m the residual 
solvent phase The physical and chemical properties 
of the substances are such that chromatography 
provides the only likely method for the separation 
of the components of the mixture So far, however, 
few adsorbents have been found -which give satis 
factory chromatograms A modified partition chro- 
matogram has been described (Catch, Cook 
Heilbron, 1942) based on that of Martin & Synge 
(1941), but this chromatogram is capable of httle 
development although considerable purification can 
he achieved 

^ The present paper describes work hegim m 1942 

on a modification of the Martm & Synge (1941) 
partition chromatogram, which has been found suit 
able for substances of the nature of the acids m crude 
pemcilhn, and which can be developed This chroma 
■togram consists of sihca gel impregnated -with strong 
solutions of potassium phosphate of a suitable 
acidity With this techmque it has been possible to 
demonstrate m crude pemcilhn the existence of at 
least five chermcal mdividuals -with varying degrees 
of antibacterial power, although complete punfl 
cation of any one of them by tins method alone has 
not been Achieved 

In the earher stages of this work the position of 
the active zones among the numerous visible coloured 
bands could only be located by biological activity, 
the test results for which were not available until 
24 hr after the column bad been run Partition 
coefficient determmations m -tap funnels under con 
ditions comparable -to those on the columns were, 
therefore, earned out and the results apphed to the 
columns accdrdmg to the theoretical treatment of 
Martin &, Sjmge (1941) Tins proi ed a valuable gmde 
to the approximate position of the mam active zone, 
but as larger columns and heavier loads were used it 
became apparent that tliis treatment was made 
Biochcm 1948, 43 


quate, as mdeed its authors imply (Martm & Synge, 
1941) By this time expenence enabled us to locate 
the desired bands -with some certamty from the 
appearance of the column, and from the position of 
a pro min ent orange band associated -with the colour 
reaction desenbed by Catch ei al (1942) On our 
column tins band was substantially mactive and 
occurred a little below the mam active zone Stdl 
later the polanmeter was of great assistance because 
the biological activity was always associated -with 
a strong dextrorotation, other constituen-ts bemg 
usually laevorotatory or optically mactive 

It was clearly desuable to define as closely as 
possible the best conditions for carrymg out various 
types of separations, smee it was ob-vious that there 
was much overlappmg of bands In particular the 
separations of pemciUins I, II and IV proved -to be 
very difficult (of Part 2, Boon, Calam, Carrmgton & 
Freeman, 1944, Boon, Carrmgton & Levi, 1944) 
An attempt was made, therefore, to apply the recent 
theories of de Vault (1943) and Weiss (1943) to this 
type of column A practical test of the theory was 
then made with phenylacetic acid and benzoic acid 
as model substances 

THEORETICAL TREATMENT 

Consider a column prepared as described below of length 
L cm , and cross sectional area A sq cm containing 4f g of 
Bibca gel (sp gr D) impregnated -with K ml of a buffer 
solution The column is mitially filled -with solvent 
Area of Bibca pha8e = jlf/Zrf)=f ^ 

Area of buffer phase numerically equal to volume of 
buffer/cm of column=£^/i=P 

Area of solvent phase numerically equal to pore 
volume/cm of column =A -J -P=S fMartm i. Synge, 
1941) 

Consider a smgle solute added to the column m a volume 
of solvent Uo , so that its concentration is Cq 

Let V be the total volume of filtrate at any time, and v 
the volume of filtrate after the commencement of develop 
ment where v=V — v^ 

Let X be the distance of any pomt from the top of the 
column 

Let C be the concentration of the solute at any pomt m 
the solvent phase, and B ( =/ (O)) be the concentration m 
the buffer phase 


17 
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For the partition chromatogram the diCTerential equation 
deduced by de Vault (1943) becomes 


^ dO 

dx dv 


[S + P/'(C)]=0, 


Tvhero/' (C)=^ 


( 1 ) 


or 


*=-F’(C) + 


V 

s+pf'{cy 


(21 


where F (C) is an arbitrary function to bo defined bj the 
imtial conditions 

From this equation and a detailed consideration of tlio 
processes on the column analogous to that of do Vault 
(1943) and Weiss (1943) vro obtain tho following relations 
Initial tcidth of band (Xj) This can be found from equation 
(2), or more simply ns follows 

Of the total quantiti of solute VqC^ the amount in the 
mobile phase is XiSCg, and tho amount m the stationary 
buffer phase is x^Pf (Co) 


Hence Uo Co = aiiSCo + x^Pf (Co) 

or j.- ,q» 

SC, + Pf(C,) S+P(B,/C,) ' ^ 

Lower edge of constant concentration zone (xf) Since the 
concentration m the solvent phase at the front of tho band 
IS still Co the lower edge of the zone moves ns though tho 
ongmal solution were stiU bemg poured into tho column 
Hence we can wnte, as for x^. 


rc„ ' r 

5Co + P/(Co) S+P{BolC,) 


( 4 ) 


Upper edge of constant concentration zone (x,) For tho 
pomt Xj if volumes arc measured from the commencement 
of development F (C) =0 (do Vault, 1943) and equation (2) 
becomes 


V 

"^-"s+pne,) 


( 5 ) 


Concentration tn the 'tad' Concentrations can only bo 
convemently measured as tho band leaves tho column, i o 
when x—L Measurmg v from the commencement of 
development as before F (C) =0, and 


L = 


S + Pf'{C) 


V S 

f'^^^=Lp-p 


( 0 ) 


From this expression concentrations at any pomt m tho 
‘tad’, as it emerges from the column can bo determmed. 

Volume (»„) at which the constant concentration zone gust 
disappears ItTien this occurs o^=x^ On oquatmg the 
expressions for these we obtam 

v,Co{S+Pf'{C,)} 

P{/{C„)-CJ'(C„)} 


It IS seen that the theory of Martm (St Synge gives on 
equation of the same form as (3) and (4) above, the only 
difference bemg the substitution of partition ratios for 
partition coefficients 


EXPERIMENTAL 

Distnbutton experiments with henzoic and 
phenylacetic acids 

Partition coefficients of phenylaceitc acid at differen 
acidities using concentrated huffier solutions A stock solution 
of phenvlacetic acid (2 72 g , 20 m eqmv ) m damp diethyl 


LE\r[ 

ether (100 ml ) was prepared Of the solution 10 ml 
required 18 5 ml of approximately 0 1 ^ NaOH A senes 
of buffer solutions covonng tho approximate range pH 4 5- 
7 5 was prepared bj mixing suitable volumes of 2j% (w/w) 
KOH and H3PO4 iintd tho desired pH was obtained after 
dilution 1 in 4 Tho solutions uero saturated with ether 
before use Quantities of tho stock solution (2 ml ) were 
diluted to 20 ml mth ether, and each was shaken with 
20 ml of one of the buffer solutions Tho pH of the buffer 
phase was measured after the partition Sample parts of 
the ether phase uero titrated The concentration of acid in 
the buffer phase was estimated by difference The results 
nro shown m Fig 1 



Fig 1 Itelntion between partition ratio and pH for 
phenvlacetio acid m other and strong buffer solutions 

Effect of concentration on distribution between the phases 
(a) Phenylacetic acid The procedure was sirndor to that 
used in the previous oxpenment, with one buffer solution 
(pH C 84) and solutions of phcnj'lacetic acid m diethjl ether 
of varying concentration Concentrations are convemently 
expressed in m cquiv fl Tho results are given in Table I 
{b) Benzoic acid The experiment was earned out in the 
same way ns the one for phenylacetic acid usmg buffer 
solutions of pH 6 72 The results are given m Table 2 

Partition chromatogram with phenylacetic acid 

Sihca gel (Martm A Synge, 1941, Gordon, Martm A, 
Synge, 1943) (90 g , 90-100 mesh) was thoroughly mix ed 
m a mortar with concentrated potassium phosphate buffer 
prepared as previously desenbed (pH 6 36, 46 ml ) and the 
resulting, apparently dry, powder was suspended m ethylene 
dichlonde (600 mk) and poured into a chromatogram tube 
(3 68 cm diam ) After the column had ceased to shrmk 
(final dimensions 27 x 3 08 cm ) the ethylene dichlonde 
was displaced with diethjl ether Phenylacetic acid (2 g ) 
m diethyl ether (200 ml ) was then apphed to the top of the 
column, and development was effected with moist ether, 
200 ml of filtrate were coUeoted as a first fraction followed 
by further firaotions of 20 ihl The concentration of phenyl 
acetic acid in the eluate was determmed by titration with 
standard Ba(OH)s For this column the foUowmg values 
were calculated by the method of Martm Synge (1941) 
Pore vol /cm numencally equal to area of solvent phase 
(5) =7 49 ml 

Vol of buffer/cm numencally equal to area of buffer 
phase (P) =1 67 ml 
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Table 1 Effect of concentration on the distribution of phenylacetic acid 
between ether and concentrated buffer solutions 


(Acidity of buffer aolutiona was pH 6 82 ) 


Concentration m 


ctber phase 


(m^eqmv /L) 

log 

2 66 

0 4249 

68 

0 7634 

16 2 

1 1818 

16 3 

1 1847 

19 7 

12946 

44 

1 6435 

104 

2 0170 


Buffer phase 


(m oqmv JL 
observed) 

log 

14 3 

1 1563 

30 8 

1 4886 

661 

1 7490 

67 8 

1 7019 

09 6 

1 8426 

134 

21271 

242 

2 3838 


Buffer phase 
calculated from 
regression 
equation 
(m-equiv /L) 

15 2 
27 0 
57 4 
67 7 
70 0 
128 
245 


Table 2 Effect of concentration on the partition of benzoic acid between ether and concentrated buffer 

(Acidity of buffer solutions was pH 6 72 ) 


Concentration in 
ether phase 
(m eqmv /L) 

logC 

Concentration in 
buffer phase 
(m eqmv /I ) 

logB 

27 0 

1 44 

69 3 

- 1 84 

69 8 

178 

123 

2 09 

108 

2 23 

239 

2 38 


Chromatograms with mixtures of benzoic and 
phenylacetic acids 

Results of four eiperimenta are illnstrated m Fig 2 The 
erperunent illustrated m Pig 2 A was earned out with the 
same column as used for the above experiment with phenyl 



Fig 2 Jlixtures of phenylacetic and benzoic acids, 
partition chromatogram 

acetic acid. The other three were earned out with a smgle 
new column diffenng only slightly m dimensions but with 
a buffer solution of lugher pH (0 7) 


DISCUSSION 

In order to evaluate the expressions obtained m the 
theoretical portion it was first necessary to evaluate 
/ (C), 1 e to determine the effect of concentiration on 
the partition ratio For benzoic and phenylacetic 
acids the experimental results can be satisfactorily 
expressed m the form/ (0) — B = a(E> resembhng the 
Freundheh- adsorption isotherm where a and h are 
constants for the particular substance and pair of 
phases It probably has httle theoretical signifi 
cance, and only holds for a comparatively narrow 
range of conditions smee at low concentrations the 
value of BjC should approach a constant value 
whereas the above expression would make BjC con- 
tmue to merest with decreasmg O, i e 6 is not truly 
constant, but tends to unity as the concentration 
decreases Nevertheless, over the range of concen- 
trations normally employed m chromatography, the 
expression is sufficiently accurate for most purposes 
The calculated regression line for the results given 
mTablelislogB = 0 86 + 0 761ogC,i e B = 7 20" 
at pH 6 84 At pH 7 4, o= 16 98, 6 = 0 76 The 
correspondmg figures for benzoic acid at pH 6 72 
are o = 7 24, 6 = 0 68 The value of 6 ivill probably 
normally he weU withm the limits 0 6 and 1 0 
(Note 1) The value of am the value of B when C= 1, 
and approximates to the hmitmg partition ratio if 
suitable units are chosen 

Tlie best fittmg equation for the bne 8hown~m 
Fig 1 islog (C/B) = 7 32—1 20pH. Bymeansofthis 
result and the value 6 = 0 76 obtamed abov e for 
phenylacetic acid it is possible to calculate f {€) and 
fL (C) for the chromatogram usmg phenylacetic acid 
The appropriate expressions are /((7) = 2 820® '®, 

17 2 
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/' (0) = 2 140'“® and from tlicsotliofollo-vvjng may- 
be calculated 

Position of front edge of band 250 ml (from 
equation (4)), 

End of constant concentration band 43G ml 
(from equation (5)) 

These are m reasonablj good agreement uith the 
experimental results, partieiilarh at the front edge 
of the band, as the small o\orlap shown m Fig 3 



Fig 3 Phcnylacctic acid on a partition chromatogram 
Full hne, observed, dotted line, calculated 

IS due to the fact that fractions were taken at 240 
and 260 ml , and thus would include some eluate 
contammg no acid Tins sharpness of the front edge 
of the band mdicates that other factors (diffusion, 
non-attamment of equihbrium, etc ) are relatn ely 
unimportant The observ ed tail end of the constant 
concentration zone appeared a httle earher, and the 
fall off m the tad was slower than anticipated It 
IS thought that this is almost entirely due to the 
practical impossibdity of achie-vmg sharp boundary 
conditions when changmg from solution to pure 
solvent Thus, even if there is httle mixing of the 
layers of hqmd where they enter the column, some 
solute will be washed doivn from the walls of the 
tube above the column, especially with volatile 
solvents In earher experiments -with this techmque 
it was usual to add washmgs from the various vessels 
to the column, after the bulk of the charge had been 
added, for the sake of a good recovery This was 
clearly a mistake and made the bandmg unneces- 
sarily diffuse 

Tlie results for the chromatograms of mixtures of 
benzoic and phenylacetic acids are of particular 
m-terest smee the difficulty m separatmg acids was 
of about the same degree as the separation of 
pemcillins I and H In experiment A not only is 
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tho pH low , but the initial \ olumo is too great so that 
tho bands largely overlap The lugher pH and lower 
concentrations of experiments B, C and D proved 
much more offectn 0 (Fig 2) Tliesooxponmentswere 
not cnmcil further as ample examples of the 
practical application of the tcclmiquo were obtamed 
during tho course of its use with crude penicillin 
(see Boon, Calam, Gudgeon A Lovr, 1948) 

It IS probable that it will seldom bo of v aluo to 
^-PPU ^^*0 above equations m practice (especiallv 
since no account lias been taken of tho effect of one 
hand on another) except m tho case of colourless 
substances, or for tho purposes of identification, and 
indeed our main mtorest m tho theorj’- was to define 
tho best conditions for tho treatment of the very 
complex mixture in crude ponicillm In this case, 
before tho isolation of the pure substances, / (G) 
cannot bo determined so that a rigid application 
of tho theorj is impossible Thus, os wiU be shown m 
lator papers, manj’- of tho constituents occur close 
together on the column, and the theorj was of 
assistance m dofiiimg conditions imder which they 
could be separated 

Some of the practical consequences of the theorj' 
are sot out below 

( 1 ) On a giv'on column the mitinl width of a band 
depends mninlj' on tho total v olume of the startmg 
solution (equation (3)) relative to the size of the 
column If the equation is written in the form 


S+(PBo/Co) S + PaCo^-^’ 

and takmg the v nlues quoted above for b, it is seen 
that for a giv'en Vj the bond width will varj only 
slowlj with change of concentration The band width 
will bo less at higher pH values (mcreosing a) 

(2) As a corollary to tlus, to separate two sub 
stances whose partition relations he close together 
on a given column, a small imtial volume and a high 
pH will give the best conditions It will be pre'erable 
that the constituent m greater amount should be the 
less soluble m the buffer phase, smee the rate of 
mov ement of the band is mcreased by mcreased con- 
centration 

(3) It IS desuable that the material m a band 
should be mamly concentrated at the head of the 
band, and not too spread out mto the ‘ tad ’, 1 e Vm m 
equation (7) should be a maximum (It is not, how 
ev'er, essential that should not be exceeded ) 
Substitutmg the v'alues for / (C) and f' (O) in 
equation (7) we have 

VoCoS , Vgb 

^’"~PBo (l-b)'^{l-b) 

This expression is a rnaximum when Vq is large, 
and when the pH is low Tliese conditions are the 
opposite of those m (2) above, so that in practice 
compromise conditions must be sought Prolonged 
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development •mil give a ■wider separation at tlie 
front edges of the bands, but o-wmg to the mcreased 
diffuseness the total separation may not be greatly 
mcreased m some cases In any case it is clear that 
development should not be unduly prolonged - 

An mterestmg feature of the above e'cpression is 
that it IS mdependent of the diameter of the column 
This gives a defimte advantage to a short "wide 
column over a long narrow one o'wmg to its greater 
practical convemence m workmg This must not 
be overdone, however, as too rapid a solvent flow 
gives diffuse columns, due mainly to the fact that 
atta inm ent, of equihbnum IS not instantaneous 

(4) Pro-vided smtable conditions of quantity, con- 
centration, partition ratio and degree of develop 
ment are chosen, a smgle solute should give a band 
after de'velopment on a column ■with 

(а) a sharp front edge, followed by 

(б) a constant concentration zone, and 

(c) the concentration m the solvent phase m 
equihbnum •with the constant concentration 
zone should be equal to the concentration of 
the mitial solution 

If a substance is found to give, for example, a band 
■with a maximum near its top edge then it is not 
homogeneous It is assumed, of course, that the 
banding on the column is regular 

Practical illustrations of the above considerations 
will be found m the subsequent papers of this senes 
Tliey -will apply mutatis mutandis, to all types of 
chromatogram except that, m the case of partition 


chromatograms of this type, the effect of one band 
on another ■will always be considerable because 
solution of the acids m the stationary phase ■will 
lower the pH Qn the other hand, m many cases the 
direct adsorption of one substance by, for example, 
alumma is apparently not greatly affected by the 
adsorption of another 

Partition chromatograms of this type are clearly 
not limited ■to acids With smtable buffers, bases 
should be separable (cf Catch et al 1942) It might 
also be possible, for example, to separate mixtures of 
aldehydes and ketones, ^ismg columns impregnated 
■with bisulphite solution Tlie necessary conditions 
for a separation are clearly an adsorbed stationarj’^ 
phase and a mo^ving phase, between which some or all 
of the substances to be separated can be differen 
tially and reversibly distributed 

SUjMMAHY 

1 A modified partition chromatogram for the 
separation of acids is described It is based on that 
of Martm & Synge (1941), but concentrated 
pot^assium phosphate buffer solutions replace water ' 
as the stationary phase 

2 The theories of de Vault (1943) and Weiss 
(1943) are sho^wn to give an adequate account of the 
behamour of a smgle solute on such a chromatogram 

3 The effect of concentration on the distribution 
of phenylacetio acid or benzoic acid between diethyl 
ether and concentrated buffer solutions is expressible 
by an equation of the same form as the Freundhoh 
adsorption isotherm 


Addenda (1947) 


(1) The hmits roggested for likely values of 6 m the 
equation B=a(?‘ aro too narrow Acids have been en 
countered for ivhioh values of 5 <0 6 have been found 


(2) The work ongmaUy mtended to be published as 
part 3 m this senes will be pubhshed m a forthcoming 
monograph on pemedhn chemistry 
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By W R boon, C T CALAM, H GUDGEON axd A A LEVI 
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[Received 1 Septetnher 1047, deposited with the Royal Society 31 October 1944) 


Thjs paper is the second of a senes dealing -mth the 
analysis of penicilhn bj' moans of a chromatogram 
usmg solvent phosphate buffer partition on a silica 
base Tlie first paper (Levi, 1948) described the 
development of this type of cliromatogram which is 
based on that of IMartm <L Synge (1941), and outlined 
the prmciples of its application to the study of 
pemcilhn 

Tlie work desenbed was carried out mamlj' in 
1943, and communicated privately to collaborating 
laboratories in Great Britam and the Umtod States 
at the end of July m that year Wider pubhcation 
was not possible at that time owing to wartime 
secrecy restrictions It deals with an examination of 
the crude pemciUm produced by two strains of 
Penicilltuni notatum grown under different con- 
ditions, and shows clearly that the mam active 
constituents of the two products are diffeient , a fact 
winch was not appreciated vmtil the work was 
carried out The further exammation of the crude 
product IS also described and shows the existence of 
still other pemedhns 

EXPERIMENTAL 

Materials Two types of crude penicillin were used The 
first was prepared by growing a strain of P notatum 
(Impenal Chemical Industnes Ltd , ref F4) obtamed from 
Prof H W Florey m surface culture on a Czapek Dox 
medium with the addition of 0 6 % noid hydrolyzed casern 
From the resulting broth the pemedlm was isolated in the 
usual manner, by solvent extraction, ns a calcium salt of 
activity 100-160 umts/mg 

A sample of the second type was generously suppbed to 
us by Merck and Co Inc , Rahway, USA It was pre 
pared by growmg the pre Flemmg stram N R B L no 832 
(supphed by the Northern Regional Research Laboratory, 
U S Department of Agncnlture) m submerged culture m 
a brown sugar com steep hquor medium from which it was 
isolated as a sodium salt 

Biological assay Two methods of assay were employed 
a serial ddution method with Staphylococcus aureus, and 
a cyhnder plate method with Bacillus sublths as the test 
orgamsms In both cases a sample of calcium pemcilhn 
prepared from F4 stram pemedlm was used ns standard 
In the case of the F4 material the activity detenmned by 


either method was the same, but vith the 832 stram 
material the nctii it\ ns measured by the B sublihs method 
uns sigmficnntlj higher than a hen measured ngainst S 
aureus 

Treatment of crude penicillin uith alumina A pre 
hminnrj treatment of tlie etude pemedlm by this method 
grcntlj facilitated the subsequent chromatographic analysis 
by remoinl of much inert niatcnnl In a senes of cvpen 
ments it was found to raise the ncti\it\ of the F4 strain 
niatcnnl from CO-1 20 imits/mg to 200-330 imits/mg , 
and m the case of the 832 strain matenal from 106 to 
474 umts/mg 

A typical expenraent was ns follows crude calcium peni 
cillm (22 g ) Mas dissolved m water (181) and the solution 
was cooled m ice and stirred Activated nlumma (Type ‘ 0 ’, 
ns supphed bj Peter Spence and Sons Ltd , IVichies, 
330 g ) aas gmdualh added dunng 10 mm , and stimng 
was continued for 1 hr after which the alumma a as filtered 
off and washed twice bj stirnng for 5 mm with 260 ml 
water The combmed solution and washings were mixed 
with chloroform (2 1 ), cooled to 3°, and the pemcilhn 
extracted into chloroform by ncidifjTng to pH 2 with 
4m H5PO4 (00 ml ) The aqueous layer was qmckly re 
extracted inth cold chloroform (11) The extract after 
washmg with water, was stirred successively with three lots 
of water (300, 200, 100 ml ) contnirung precipitated chalk 
(30, 20 and 10 g respectively) After filtration and separn 
tion the solution of calcium pemcilhn was dned from the 
frozen state Weight of product, 0 47 g , 314 umts/mg 
(yield 81 %) 

Ohromatographxc analysts of pcntctlhn preparations 

Preliminary silica phosphate buffer chromatogram of F4 
strain penicillin Sihca (00-100 mesh, 185 g ) was rmxed 
with 25% (w/w) potassium phosphate buffer (pH 0 27, 
90 ml ) and diethyl ether (10 ml ) in a mortar The powder 
was suspended m ethylene dichloride (1 L) and stirred for 
1 hr , the resulting slurry was then poured mto a long 
chromatogram tube containing a few cm of ethylene 
dichlonde Solvent was allowed to run through the column 
until it ceased to sh rink , the next day ether was run 
through until there was agam no further shrmkago The 
final dimensions of the column were 6 2 x 22 cm 

Alnmma treated calcium pemedlm (8 g , activity 298 
umts/mg )wasdi8solvedmwater(160 ml ), and, after acidifi 
cation at 3“ to pH 2, extracted mto ether (250, 160, 100 ml ) 
The solution was run on the top of the column and, after 
it had sunk m, development was contmued ivith ether until 
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most of the activity, as measured by the optical rotation 
m 2 dm tubes, ivas found in the percolate ivhich was 
divided into 5 fractions The penicdlin was isolated as 
hanum salt from these by shaking tho ethereal solution 
with a suspension of freshly precipitated BaCOj, filtermg, 
separatmg the aqueous layer, and drying from the frozen 
state The residue on the column was recovered by sus 
pending the sihca m water (300 ml ) , after atimng for 5 mm 
the suspension was filtered and tho residue washed with 
water (200 ml ) The combmed filtrate and washmgs were 
cooled below 5°, acidified to pH 2 with HjPO, and tho 
pemcillm extracted with cold ether (250 and 150 ml ) The 
pemoilhn was then isolated as hanum salt in the same 
manner os the mam fractions Results are given in 
Table 1 

Separation of the pemctlltns tn the mixture from 
F 4 strain material Early e'vperiments suggested 
that the mam active fi'action obtamed m cliromato 
graphic analysis (e g fractions 2-4 of Table 1) might 
be a doublet m wluch the slower moving constituent 
predommated A consideration of the theory of the 
partition chromatogram (Lester Snuth, 1942, Levi, 


1048) suggested that if a larger band were the upper 
one it would tend to overtake a smaller one just 
below and thus render separation difficult Ao- 
cordmgly column fractions at the head and tail of 
the mam pemcilhn zone (such as fractions 3 and 6 
m Table 1) were mixed and analyzed on a column 
3 6 X 21 6 cm made as above from sihca (160 g ) 
and pH 6 6 buffer (70 nil ) Tlie pemciUm (3 0 g , 
activity 166 units/mg ) as calcium salt was trans 
ferred to ether (60 + 30 ml ) and apphed to the column 
m the usual way, development was effected with 
ether (930 ml ) The results are given m Table 2 
Fraction 2 (designated by us PemciUm V), winch 
corresponded m properties xvith the first runmn^ 
from the column shown m Table 1, was shown to 
differ markedly from Pemcilhn I (fraction 6, Table 2) 
by a comparison of their partition coefficienfs be 
tween water and 25 % (w/w) potassium phosphate 
buffer This comparison is shown m Table 3 The 
bands of the active material mtermediate between 
fractions 2 and 6 we have designated penicillm IV 


Table 1 Fractionation of Fi strain penicillin by the partition chromatogram 


Fraction Descnption of band 

1 Several pale yellow bands 

2 Orange band (gives red 

colour with 6 % in 
acetic acid) 

3 Very pale band, then 

yellow 

4 Yellow, then mostly very 

pale 

5 Very pals * 

0 Residue in a colmnn 

Totals — 


Vol of eluate (ml ) 
or length of 
Fraction sihca (cm ) 

1 220 ml 

2 233 ml 

3 268 ml 

4 250 ml +4-0 

b 17 cm 

3 3 0 cm 

7 12 8 cm 

Totals 


a-D 

Vol of 
ether 

(2 dm ) 

(ml ) 

O 

O 

o 

1 

540 

+ 0 05“ 

380 

+ 0 05“ to +0 3“ 

250 

+0 5“ to +0 25“ 

660 

+ 0 25“ to +0 1“ 

600 

— 

— 
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Table 2 Penwilhns I, IV and 

Weight 

Activity 

(g) 

(umts/mg ) 

0 12 

4 

040 

460 

0 27 

63 

0 26 

419 

0 05 

134 

0 U 

677 

0 68 

38 6 

1 88 




Wt of 
salt 
(g) 

Activity 
(units/mg ) 

Total 

unitB 

042 

12 5 

6,200 

2 07 

45 

93,000 

0 45 

198 

89,000 

122 

920 

1,120,000 

0 35 

733 

266,000 

1 07 

338 

362,000 

685 

(70%) 

— 

1,985,200 

(81%) 


Total units 

Remarks 

480 



184,000 

Pen V 

17,000 



105,000 

Pen TV 

6,700 



74,500 

Pen I 

26,200 


413,880 




Table 3 


Partition coefficients of penicillins I and V between ether and 26 % potassium phosphate buffer 



pH 


57 

62 

6 55 

6 7 

Pen V 

_ (cone 
(cone 

m buffer) 
m ether) 

036 

1 8 

3 1 

86 

Pen I 

(cone 

m buffer) 

12 

30 



(cone 

m ether) 

68 

74 
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Table 4 Preparation of pcmctlhn III 


\ 

!^ractioii 

A’'ol of eluate 
(ml ) 

Wt of 
calcium salt 
(g) 

Activitj 
(umts/mg ) 

Total units 

1 

100 

0 08 

17 

1,300 

0 

60 

OIC 

18 5 

2,900 

3 • 

- 50 

, 0 IS 

39 

7,030 

4 

50 

0 18 

40 

7,200 

6 

50 

012 

83 5 

10,000 

0 

60 

0 12 

335 

4,020 

7 

Residue m column 

0 08 

4 

320 


Totals 

0 02 

— 

32,890 
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Penicilbn remaming on the first column, such as 
fraction 6 (Table 1), was examined on a column of 
sihca (50 g ) impregnated wth 25 % (\\ jw ) potassium 
phosphate solution of pH 5 0 (30 ml ) usmg 1 6 g of 
material of actinty 30 umts/mg Development was 
effected mth ether (360 ml ) Detailed results are 
shown m Table 4 

Partition chromatogram of 832 strain penicillin 
N R R L no 832 stram calcium poniciUin (0 6 g , 
activity 473 imits/mg ) was transferred to ether m 
theiimial'nay,andapphedtoacolumn(3 56 x 32cm ) 
prepared from sihca (116 g ) impregnated noth 
pH 6 6 buffer (68 ml ) After dev elopment with ether 
the column weis divided mechamcally into fractions, 
and the pemciUm was isolated m the usual waj"- 
The results are shown m Fig 1 



Separation of mixed main fractions from P4 and 
832 penicillins Sodium pemcillin I fi-action from 
F4 pemcilhn, s imil ar to fraction 6 of Table 2 
(123 mg , activity 760 umts/mg ) was mixed with 
the calcium salt of 832 pemcdhn (72 mg , activity 
936 umts/mg ) prepared as above and transferred to 
ether (40 ml ), and applied to a column ,(2 8 x 
26 5 cm ) prepared from sihca (73 g ) impregnated 
with pH 6 5 buffer (37 ml ) Development was 
effected with ether (860 ml ) The results are shown 
m detail m Fig 2 

In order to provide a convement scale for both 
column and eluate fractions the distances of move 
ment of the bands are given m terms of their 


distance from the top of the column at the end of 
dev'elopment F or those fractions which were eluted 
the distance is calculated on the assumption of 
uniform dev^elopment m a very longcolumn If d cm 



Fig 2 Chromatogram of mixed ‘P4’ 
and ‘832’ ponicillms 


is the distance that such a fraction would hav^e 
moved from the top of a column of actual length 
I cm , and v ml is the volume of solvent required 
to develop it to the bottom of the column, and 
F ml IS the total vmlume of solvent used, then 



ti 


DISCUSSION 

The behaviour of F4 and 832 pemcillms on a phos- 
phate buffer chromatogram differed considerably 
The former material gave a senes of yellow or orange 
bands several of winch fluoresced yellow or green m 
ultravnolet hght The mam zone of antibacterial 
activity was rather diffuse, and was preceded by 
a deep, orange, practically mactive, band associated 
with the colour reaction of Catch, Cook & Heilbron 
(1942) and a small zone of weak antibacterial 
activity There was also another small antibacterial 
zone above the mam band Further exammation of 
the mam zone revealed that it was composed of two 
substances of which one was present m considerably 
greater quantity than the other This we hav'e 
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designated as penioiUm I In order to demonstrate 
a definite separation from the min or constituent, 
designated pemciUm IV, it was necessary to analj^e 
cliromatographically a mixture of the head and tail 
fractions of the mam antibacterial zone smce the 
large quantity of pemcilhn I relative to pemc ilhn 
H'’ m the zone as a whole tended to swamp the latter 

Tlie small zone of antibacterial activity, wluch 
came out with the first runmngs from the first 
column, has been shown to be different from 
pemcilhn I both by separation from it on a partition 
chromatogram and by a direct comparison of the 
effective distribution coefficient of the two sub 
stances m bulk It has been tentatively designated 
pemcdhn V 

The antibacterial substance, which remamed on 
the first column, has been shown to be different 
from pemcilhn I by the fact that it was firmly 
retamed on a column which would not retam pem- 
c illin I at aU The exact nature of this substance has 
not been determmed owing to the small quantity 
available, but it is probably the same as the pern 
cilhn HI which has been recognized m N R R L 
no 1249 stram pemodhn (Catch, Cook & Hefibron, 
1944, Boon, Carrmgton & Levi, 1944) 

The pemcdhnliBolated by the procedure described 
ihere had a potency of 800-1260 umts/mg and a 
punty of the order of 60 % The final purification of 
this matenal, by further chromatographic pro 
cedures followed by crystallization of the sodium 
salt, will be described m the forthcommg monograph 
on Pemcilhn Chemistry 

The significant difference between the biological 


activity of N R R L no 832 stram pemcdhn against 
two different test organisms, when usmg an F4 
stram standard, suggested that there was probably 
some difference m the constitution of the two sub 
stances This was confirmed by chromatographic 
analysis Not only was the general appearance, m 
visible and ultraviolet hght, difibrent from that of 
the F4 stram pemcdhn, but the mam zone of 
activity was found to be much more compact and 
to develop more slowly than with the latter material 
Fmal confirmation was obtamed when a mixture of 
pemcdhn I and purified 832 pemcdhn was examined 
on a further column when a complete separation was 
observed We have designated the new pemcdhn as 
pemcdhn II 

SUJEMARY 

1 Partition chromatography with a sdica-phos 
phate buffer solvent system has shown the existence 
of five pemcdlins 

2 The mam antibacterial substance produced by 
the F4 stram of Penictlhum notatum grown on a 
modified Czapek-Dox medium is pemcdhn I which 
IS accompamed by small quantities of three other 
pemcdlins 

3 The mam antibacterial substance produced by 
the N R R L no 832 stram of P notatum grown 
submerged m a brown sugar-corn steep hquor 
medium is pemcdhn EE different from any of the 
above 

4 There is a differential response of two OTg amsmB , 
Staphylococcus aureus and Bacillus subtilis, to the 
action of F4 penic illin and 832 penic illin 


Addendum ( 194 : 7 ) 


At the time this work was done in 1943 the chemical 
difference between pemoillms I and II was unknown, and 
we introduced the system of nomenclature by which the 
pemdUins, as discovered were given a roman numeraL In 
modem notation pemciUins L R and III are respectively 


2-peatenyl , benzjl and p hydroiybenzyl pemoiUin. The 
exact constitution of pemcdlm IV has not yet been deter 
mined, but the evidence avadable suggests that it is an 
isomer of 2 pentenylpemciUin Pemcdhu V may be identical 
with n heptylpemciUm 
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Studies on the Metabolism of Semen 

4 AEROBIC AjSTD ANAEROBIC UTILIZATION OF FRUCTOSE 
BY SPER'MATOZOA AND SEiMINAL VESICLES 

By t :mann an-d c lutvc-^k :mann 

Moltcno Institute and Diochcimcal Laboratory, Umiersity of Cambridge 
{licccivcd 22 January 1048) 


P^e\^ous stucheg on tho metabolism of semen have 
furnished evidence that tho reducing enrhohydrnto 
in semmol plasma is fructose, vlnch is readily con 
N erted by tho spermatozoa to lactic acid, thus pro- 
viding an important source of energj' for tho sperm 
cells (Mann, 1946a, 6, c) The rate of fructoljsis re- 
presents an accurate and at the same time simple 
means of e\ aluation of semen, the fnictolysis mdev 
(mg fiaictoso utilized by 10® spermatozoa m 1 lir at 
37°) m normal bull and ram semen is 1 4—2 0, while 
semen with poor sperm motility gnes much lower 
index values, azoospermic and necrospermic semen 
was shown to be altogether unable to metabolize 
fructose (Mann, 1948a, 6) Fructose ongmates m 
the accessory glands of reproduction, mamlj'^ the 
semmal vesicles, but in some species it is found also 
m the ampullae and m certam parts of the prostate 
organ (Mann, 1946c, Danes A DIann, 1947) The 
process of fructose formation is mitiated and con- 
trolled by the testicular hormone, a hormonal de- 
ficiency due, for example, to castration, causes m- 
vanably a decrease or disappearance of semmal 
fructose, but treatment with testosterone promptly 
restores the ability of the accessory glands to pro 
duce fructose (Mann & Parsons, 1947) 

In this paper it wdl be demonstrated that fructo 
lysis IS a characteristic feature of both the aerobic 
and anaerobic metabolism of semen Unlike sperma 
tozoa, the semmal vesicles will be shown to lack the 
ability to utilize fructose anaerobically FmaUy, the 
position will be discussed of fnictolysis m relation to 
glucolysis and respiration, m both semen and 
se min al vesicles 

EXPERIMENTAL 

Material Ram semen was obtamed by the method of 
Walton (1945), the procedure for washing the spermatozoa 
and the composition of the special Bmger solution were the 
same as previously desenbed (ilann, 1946 a, 6, c) Semmal 
vesicles from fully fertile rats were sht open along the outer 
edge and washed m Rmger solution to remove tho secretory 
fimd Portions of the basal parts of the organ (8-10 mg , dry 
w eight) were usedsoasto mcludo as much as possible of the 
‘ coagulating gland ’, which m rats contributes, together with 


tho dorsal prostate, the bulk of seminal fructose Seminal 
glands from bulls were collected from fresblj slaughtered 
animals 

Methods Tlirec methods u ere used forthe assay offnicto 
lysis (1) manometne estimation of acid production was 
carried out in Barcroft differential manometers with gas 
outlets, by measuring the CO- output using Ringer bicar 
bonnto and a gas mevtiirc of 95 % N, and 5 % CO_, (2) lactio 
acid wasestimatcil 63 the niethoel of Fnedemann, Cotonio 
Shaffer (1929), (3) fructose was determined colorimetricallv 
ns described before (Mann, 1948a, 6) Respiration was 
measured manometricalh m air and Ringer phosphate 

RESULTS 

Utilization of fruelose by sperm 

Anaerobic fnictolysis Certam pomts which 
emerged from the study of fructolysis m washed 
spermatozoa are illustrated m Fig 1 The experiment 
recorded m this figure was carried out with sus 
pensions of washed spermatozoa of ram m Rmger- 
bicarbonate solution, meubated anaerobicall3’’ by 
shaking at 37° m Barcroft manometers filled with 
96 % N, and 6 % CO- In each case the final volume 
of the mixture m the manometne flask was 2 6 ml 
Tlie foUownng mixtures were used I, 0 66 x 10° 
cells + 1 9 mg fructose, II, 0 66 x 10° cells -1- 1 9 mg 
glucose, m, 0 13 X 10° cells -f 1 9 mg fioictose In 
I and n the acid formation followed the course of a 
straight Ime so long as there w as still a little sugar 
left, after 110 mm mcubation the final 3neld of COj 
was m I 420 pi CO2, correspondmg to 1 68 mg 
lactic acid, m U 410 pi CO-, correspondmg to 
1 64 mg lactic acid By chemical analysis of lactic 
acid, 1 63 mg was obtamed in I, and 1 58 mg m II 
Estimation of sugar showed that only 0 05 mg 
fructose was left m I, and 0 07 mg glucose m II 
l^Bkmg the 60 mm value as the basis for the calcu- 
lation of the metabolic rate, one finds that 290 pi 
CO2 or 1 16 mg lactic acid has been produced from 
fructose or glucose ahke by 0 66 x 10° sperm cells 
contamed m mixtures I and II, 1 e 1 78 mg /10° 
sperm/lir Howevw, m III the acid amoimted to 
not more than 24 pi CO JO 13 x 10° sperm/hr , that 
IS only 0 77 mg /10° sperm/lir 
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Aerobic fruciolysis and 0. consumption Aerobic spenn/lir Tlie low rate of respiration m IH recalls 
ejqieriments were earned out with the same ram the previously mentioned low rate of anaerobic 
semen as above, but the suspensions of washed 


spermatozoa contamed phosphate instead of bicar 
honate , the amounts of sugar added were the same 
as before The Oj uptake m suspensions I and H 
can be seen to follow a Imear course tliroughout the 
penodofllOmm (Fig 2) Howev er, whereas m the 
course of anaerobic activity (Fig 1), suspensions 



Pig 1 Anaerobic frnctolysis and glncolysis by washed 

spermatozoa 1 • • 0 65 x 10* ram sperm 4-{ructo8e, 

U O O 0 65 X KP ram sperm + glucose. III 

X X 013x10® ram sperm + fructose 

I and U used up pearly all the sugar, m the corre- 
sponding aerobic experiment (Fig 2), out of 1 9 mg 
sugar added, 0 42 mg fructose and 0 48 mg glucose, 
respectively, were found to be still mtact after 
110 mm In the same samples lactic acid was deter 
mmed, 1 03 and 0 98 mg lactic acid were found at 
the end of 110 mm respiration period m I and H 
resjiectively It can be seen from Fig 2 that 
the sperm suspensions I and 33, each contaming 
0 05 X 10® 8perm/2 6 ml Rmger solution, consumed 
130 p.1 Oj m 1 Ivr or 200 pL OJIO® sperm/lm How- 
ei or, suspension IH whicli is five tunes more diluted 
than I and II (0 13 x 10® sperm/2 5 ml Rmger 
solution) consumed only 15 pi O. or 115 fA Oj/IO’ 



Fig 2 Ovjgen consumption of ram spermatozoa I 

• O 0 65x10® ram sperm + fiuctosa, 11 O O 

0 65 X 10® ram sperm + glucose lH x x 0 13 x 10® 

ram sperm + fructose 



Fig 3 Effect of fiuctose, glucose and lactate on the re 
spiration of washed spermatozoa 1 ml ram semen 
diluted with 3 ml Rmger solution, centrifuged, sperm 
washed with 6 mb Rmger solution, resuspended m Rmger 
solution and diluted to 16 mL Each manometer flask 
contamed 2 ml sperm suspension, corresponding to 
0 45 X 10® sperm cells, and 0 5 mb isotonic phosphate 

bnfferwith noadditions, • • Img fructose, 

O O Img glucose, x x Img lactic acid (as Isa 

lactate) 

glycolysis and must be attributed to the same cause 
the mjunous effect of dilution on spermatozoa 
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It has been Icno'^Ti that rnm spormatozoa frood 
from sommal plasma, and thus deprived of glyco- 
IjTWiblo material, rotam tlieir ability to consumo 
oxj gen. at on almost normal rate of respiration of 
about 200 /il Oj/10°8porm/lir (Lardy, Winchester &, 
Phillips, 1946, Marm, 1946 c) Thus the aorobicmota 
bohsm m spermatozoa appeared mdopendent of 
fnictolysis However, m the present study, with 
suitable dilutions of washed spermatozoa, it was 
found that the Oo uptake m such suspensions ro- 
mamod constant only for a Imiitod period of time. 



Fig 4. Effect of fluonde on the respiration and aerobic 
fruotolysis of ram semen Each manometer flask con 
tamed 0 6 ml whole semen diluted with 1 6 mL Rmger- 
phosphate solution 

and that durmg the later stage it declmed pro- 
gressively unless the sperm were provided with an 
additional source of osidizable material such as 
fructose, glucose or lactate Their effect on the O 3 
uptake of washed spermatozoa is illustrated by 
Fig 3, whence it can be seen that all three of them 
maintamed equally well the mitial rate of respiration 
for a considerable length of tune, although they did 
not raise significantly the uutial rate of O- con- 
sumption On the other hand, if added to a respiring 
suspension of washed spermatozoa at a later stage, 
when the respiration had already begun to dechne, 
they prevented further deterioration m the rate of 
Oj consumption 
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In order to explore the significance of glycolj'sis m 
the aerobic metabolism and sum\ nl of spermatozoa, 
use was made of certam substances such as lodo 
acetate, and fluoride which wore protnously shown 
(Lardj' Phillips, 1943) to mterfero with sperm 
activity lodoacotate proved to lie a rather strong 
mhibitor not only of fructolj^sis but of the sperm 
respiration as well More uiterestmg results wore 
achieved wnth fluoride It w as possible, usmg a smt 
able concentration of NaF, to suppress the linicto 
lytic activity of whole semen much more strongly 
than the respiration Tins can bo seen from Fig 4, 
which shoirs the 0 - uptake of two identical samples 
of semen, one treated with fluoride, while the other 
served as a control In both tlieso samples fructose 
was estimated at the begmmng of the experiment 
and then after 2 hr aerobic mcubation m Barcroft 
manometers at 37° Tlio results of fructose analyses 
are mdicated bj arrows on Fig 4 It con bo calcu 
latcd from these \ alues that 0 6 ml imtreated whole 
semen consumed m 2 hr 660 pi O. and 1 01 mg 
fructose, whereas the correspondmg fluonde treated' 
sample utilized m the same period 260 pi O,, but 
only 0 18 mg fructose When at the end of a 2 lir 
period the motihty of the sperm was exammed, the 
imtreated spermatozoa were found to be perfectly 
motile, but those m the fluonde treated semen were 
mostly immotilo 

Fructose and glucose utilization in the 
seminal vesicle 

It w as shown m the foregomg that spermatozoa 
ore cells capable of utflizmg fructose and glucose 
both anaerobically and aerobically In tins respect 
they differ from most other animal tissues , the latter 
are able to metabolize fructose aerobically, but 
seldom show themselves capable of metabohzmg it 
anaerobically at a rate comparable to that of glucose 
(Dickens & Greville, 1932, 1933) A study of carbo- 
hydrate metabolism m the semmal vesicle of the rat 
gave the foUowmg results, illustrated m Fig 6 Tlie 
anaerobic acid production m the semmal vesicles 
was found to be equally low m the absence as m the 
presence of added fructose However, when glucose 
was added instead of fructose, it mcreased very 
strongly the rate of anaerobic glycolysis m semmal 
vesicles It should be pomted out, however, that 
even the mcreased rate of glycolysis, as observed m 
the semmal vesicle m presence of glucose, was below 
the rate of glycolysis of spermatozoa Assuimng that 
the average rate of glycolysis in semen is 1 7 mg 
sugar or 426 pi CO^/IO® sperm/hr and that the dry 
weight of 10° sperm is 30 mg , we arrive at the value 
of Q g' = -f 14 2 for the glycolysis quotient of sperma- 
tozoa Tlie semmal vesicle tissue, on the other hand, 
has been shown to produce anaerobically 2 3^ 
COj/mg dry wt flir and thus to have a quotient 
<32'=-t-2 3 
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In new of the marked difference^ m anaerobic 
metaholiam winch exist between the sperm cells and 
semmal vesicles the possibdity was considered that 
similar differences may also prevail under aerobic 
conditions Seminal vesicle slices mcubated aero 
bically respired much better in presence of addi- 
tional sugar, and the mcrease brought about by 
fructose was, if onjdhing, even higher than that due 
to glucose (Fig 6) The Qo^ values for rat semmal 
vesicle shoes, calculated from the data of Fig 6, are 
— 53m presence of fructose, —42m presence of 
glucose, and —20m absence of added sugar Even 



Fig 5 Anaerobic fructolysis and glncob sis m rat 
seminal vesicle 


of added carbohydrates In presence of glucose, 
aerobically, a formation of free fructose was 
observed m shoes, but the quantities were small 
On the other hand, considerable quantities of 
6 phosphofructose, together with 6 phosphoglucose, 
were formed from glycogen and Con ester, by 
dialyzed and non dialyzed extracts , but there was 
no mcrease m free fructose or lactic acid It was also 
found that when dialyzed extract prepared from 
semmal vesicles was added to an actively glyco 
lyzmg Meyerhof muscle extract, it checked the 
formation of lactic acid from glycogen and led to the 
accumulation of 6 phosphohexose esters It should 



Fig 6 Respiration of rat seminal vesicle m presence of 
fructose and glucose 


the lughest of the three values is far below the Qg of 
washed spermatozoa Takmg Fig 3 as the basis of 
calculations, the O j uptake of ram sperm amounts to 
112 pi Oj/O 45 X 10’ sperm/hr , le 260 pi Oj/10’ 
sperm/iir Tlie dry weight of 10’ sperm cells repre 
sents some 30 mg so that the Qg of spermato/oa is 
-S 3 

Bull semmal glands were mvestigated m the fol- 
lowmg manner the fresh gland was divided mto 
tv o symmetncal portions, m one of which fructose 
was estimated at once, while the other was mcubated 
at 37“ for 2 lir The level of fructose m the mcubated 
sample did not differ markedly from the control 
Similar results were obtained when the glands were 
minced or extracted with water and the pulp or 
aqueous extract used for mciibation A few expen 
ments wore also earned out m which mmced semmal 
glaiuU, slices or extracts, were mcubated m presence 


be pomted out, however, that the extracts from 
semmal glands contam very active phosphatases 
which dephosphorylate adenyhc acid, adenosme tri- 
phosphate and cozymase Thus it is probable that 
the effects described above are at any rate partly 
due to the mactivation of the glycolytic coenzymes 

DISCUSSION 

In hull and ram semen the anaerobic survival of 
spermatozoa is closely dependent upon the presence 
of fructose If ram or bull spermatozoa are washed 
free from semmal plasma, and thus depnied of 
fructose, they soon become mimotile under anaerobic 
conditions But their sunuval can be extended con 
siderablj by the addition of glycolyzable sugar/ So 
far, there is no endence which would pomt to the 
existence of other anaerobic processes m semen, 
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Stage 6 The finnl precipitate of tropoln^ osm obtained b 3 
salting out to 70% saturation is dis^-oh cd m ■aatcr, filtered 
through paper pulp, dialj-zcd at 0 for 2 days against many 
changes of distilled m atcr (maintaining the pH inside the sao 
at 6 5), and finally agamst 0 1 m IvCl (The absence of free 
amraoruum ions is checked bj precipitating a portion of tho 
sol with tnchloroacctic acid and determining tho N content 
of tho filtrate ) Tho presence of KCl assists tho subsequent 
precipitation mth ethanol (effected Mith 1 5 a ol ) Tho pro 
cipitatc 18 dned through soxoml changes of etlianol and 
then -mth ether Tlie dcln drat ion of tho protein is slow and 
18 facihtated bj pressing the gel particles on a sintered glass 
filter 

'When the protein is required for re solution, it mai bo 
stored (preferably at O’) after drying ns above , altcmntix clj , 
it may bo kept at 0’ in tho form of an (XH 4)^04 containing 
paste after a salt mg out probedure When required for 
analysis, it is preferable to precipitate from a dialyzed sol 
by addition of dilute acetic acid to pH 5, such precipitates, 
after drymg ns before, contain only traces of ash 

Punty of the preparation TI 10 homogeneity' of 
tropomy'osin thus prepared m ns checked by’ electro 
phoresis (see below) and by ultracontrifugal nnnly’sis 
(Bailey, Gutfreund Ogston, 1948) Jlore rapid 
tests of ptmty, howetor, are available (1) the 
glyoxyhc reaction for tryptophan, using an equal 
weight of myosin as control, is ovtremoly famt or 
negative, (2) a 2% sol m water (pH 0 5) is water- 
clear any dispersed, denatured protem imparts an 
opalescence and tends to precipitate on heating m 
0 In potassium chlonde , (3) m absence or presence 
of salt (0 g 0 5M-potassium chloride), the protem 
dissolves m hydrochloric acid belov pH 4 to give 
a clear solution 

Crystallization of tropomyosin Tlie protem readily 
crystallizes, even from impure solution A 2-3% 
solution (pH 6 5-7) is dialyzed at 0° against a salt 
solution contammg 16 g ammomum sulphnte/l and 
0 01 m with respect to acetate buffer pH 6 4 When 
the pH of the sol reaches 6 8-0 0, cry’stals are 
deposited m large clusters on the cellophan mem- 
brane and drop mto the bottom of the sac Tho 
various forms observable are depicted m Pis 4 and 6 
for skeletal rabbit muscle and pig cardiac muscle, 
but simil ar crystals have been obtamed from teleost 
(whitmg) muscle and from horse heart In polarized 
hght they are strongly birefrmgent, but m ordmary 
hght they are difficult to view or to photograph 
because of their transparency They are extremely 
fragile, and the larger crystals tend to break if 
stirred or touched 

In practice, it is often convement to employ for 
crystallization the salted out precipitate described 
m the method of preparation Tins is filtered off 
under gravity, allowed to dram overmght, mixed to 
a slurry with an equal volume of water, dialyzed (at 
constant volume) first against water until complete 
solution, then agamst se\ eral changes of the outer 
hqmd described above By retardmg the rate of 


change of pH inside tho sac (either by’ usmg small 
V olumes of outer liquid or mfrequont changes of 
larger volumes) cry stalhzation can bo regulated to 
give largo crystals 

Crystallization appears to depend upon tho pre 
scnco of sufficient salt to break up the large aggre 
gates winch are formed spontaneously m salt free 
solutions (see below) , these umt molecules are then 
amenable to isoelectric crystallization Cry’stals 
cannot bo obtamed either from pure water or from 
concentrated salt solutions As a purification pro 
cess, crystalhzation is quite madequato, smee trypto 
phan contammg protem may still bo detected m 
preparations three tunes crystallized The com- 
position of cry'stals obtamed from material first 
purified by tho methods already outlined, followed 
by’ tlireo rocry stalhzations, appears identical with 
tho origmal homogeneous, uncrystallized specimen 
(Table 1) Electrophoresis likewise gave proof of 
their homogeneity 

Table 1 Composition of a three times crystallized 

rabbit tropomyosin compared with uncrystallized 

homogeneous tropomyosin 

(Results* as percentage of protom weight ) 

Total Amido Tyro Trypto 
N N sme phan 

Homogeneous im 1C 7 0 89 3 2 c 0 02 

crystallized 

Homogeneous crystaUizcd 1C 7 0 90 3 1 c 0 02 

Unpunfied crystallized 1C 9 0 85 2 9 c 0 05 

• See analytical section for methods of analysis 

A quite umque property’ of the crystals is then 
enormous hydration After suckmg off excess 
mother hquor and pressmg between filter paper, two 
different batches of crystals gave the foUowmg 
analysis 

Sample 1 water, 86 9, ammomum sulphate, 2 0, 
protem, 11 1 % 

Sample 2 water, 89 6 , ammomum sulphate, 1 74, 
protem, 8 7 % 

By comparison, lactoglobuhn (MoMeekm & 
■Warner, 1942) contains 46 6 g and edestm (Bailey’, 
1942 a) c 40 g of water/100 g of wet crystal 

Assay of tropomyosin 

The method comprises essentially stages 1, 2 and 3 
desenbed m the preparation The moorporation of certam 
modifications necessitates a r^sum5 of the steps involved 
(a) The mmced muscle (lOOg ) is homogenized for 1 mm. with 
an equal volume of watermaWanng Blendor, and squeezed 
out mmushn after addition of 200 ml ethanol The residue 
IB dried m ethanol and ether as before (6) It is tken ex 
traoted with 100 ml m KCl at pH 7, first for 12 hr at 16-20 , 
then for 3 hr , agam for 3 hr , and washed finaUy with a 
further change of KCl solution (c) The protem m the com 
bmed extracts is precipitated at pH 4 3 with N HCl, centn 



BIOCHEMICAL JOURNAL, VOL 43, NO 2 


PLATE 4 




XroponiNOsm cn-stals from rabbit skeletal muscle 


K BAILCV-T„oro„,s.. . 



PLATE 5 


BIOCHEMICAL JOURNAL, VOL 43, NO 2 



(a)(x 280 ) 


1 

1 


o 




TJiOrOMYOSIN 


273 


Vol 43 

fugcd,thcprecipitntc(liEprn-c4in«“itrr(S()niI ) )inilmli?c<l 
to pH 7 nnd tmtcd -mth wvtiiniUii (MIi^^O, mint ion 
(containing 0 01 \ol rone ninnionm mlutinn) to II'’,, 
saturation. Tlic precipitate after centnfiipini: i" tritiirateil 
with 2 parts of 41 "o saturated solution niui npnm 

spun down The comluned supernatant IlimlH are treatid 
with solid (Xlljl/'O, to S.'i'’o saturation nnd the pro 
cipitated protein filtered off under praaita It is then dia 
«olvcd m 100 ml waiter nnd diah-ed for I da\ s ncainst 
frequent change® of 0 1 m KCl solution (d) Ton 10 ml 
sample of the dialiTcd sol i® nddeil 0 2 ml 't phoaphat* 
pH O-S, and the solution heatnl m a Ixiilmg water hath for 
10 mm ^fier cooling for 1 hr tlu •hsht pneipitati of 
denatured protein is spun down haaiiii, trvi]ioin\o in in 
solution Tlie protein content is deti miineil h\ C’-tiniatiiq 
the total nnd correcting for free \H, h\ dislilhlif, an 
undigested portion of sol at pH 0 'i Tin protein N con 
tent yO gives the aacld of tropom\o®in 
Prepared m tin® wa\ tlu protein nppean to he ipiite 
pure, the heat dcnatuml impiinta of sti ]i (d) for i vainplc 
gives a pronounced tnptophan n action whil t thetnipo 
mvosin isolated from tlu siquniatant Ihiid oiiK fra hU 
respond® 

Tlic limd leg pliia Imek iiiiisi lo nf adult ralibitn 
gaao aaolds of 0 42, 0 W, 0 r,0 0 4S 0 111 g /1 00 g 
fresh mitselo aa eight ondianUu lu mg olitamod from 
a chlTcrcnt niumni Tlio menu \iiluo (0 47 g / lOO g ) 
comprises Homo 2 C % oft ho total protc m nnd •!-'>% 
of the mvosin frnctioii One dotoniimntion on the 
cardiac muscle of tho pig giuo a lower Miltio of 
0 21 g /loo g muscle 

Tropomyosin as a naturally occurring 
consliluciif of viuselr 

Tlie conditions for tho propnrntion nnd assay of 
tropomj osin has o o% ol\ ctl from a soncs of pro 
expenments directed towards tho olucida 
tion of three important points (1) that tho protein 
^ not arise by post mortem cnthcptic brcnkdoaaTi , 
( ) that it is not produced hj tho disaggregating 
action of salt solutions upon othanol donnturod 
myosin, (3) that it is a constituent of tho fibnl nnd 
not of the sarcoplasm Tlieso pomts avill ho con 
Bidered in turn 

Tropomyosin and post mortem changes JIusclo tissue is 
p poor m proteolytic enzymes (Fcaron 

but ^niorodinzow , Schirokow i. Zyganowa, 1033), 

exclusion of post-mortem changes was 
ought necessary Horaogemzcd muscle, obtamed some 
mm after death, was divided into three portions, tho first 
a immediately with 1 vol othanol squeezed 

an toed m tho usual way, tho second (f?) was allowed to 
^ ^ before addition of ethanol, tho third 
, washed immediately in three changes of water, 
nn a er standing for 4 hr was treated with othanol 
i^omyosm was then estimated in aU three residues 

e yields m all cases were qmto comparable (Table 2) 
e arrest of proteolysis as m (A), or tho removal of soluble 
1 ^^^ nu m (C), does not reduce tho yield below that of (1?) 
^ le rigor changes are allowed to procieed 
Bioohem 1948, 43 


Tiihlo 2 3 icl'l nf trojiomyosm from homogenized 


rabbit muscle 

\ichl of 
Iropomvosin 

Tnntniont of (g/lOOg 
Aniiunl hnnioginate* fresh muscle) 

ltahhit/;V I 0 72 

J{ 0 47 

C 0 71 

Itahhit / \ I 0 72 

n 0 4S 


* 1, tn vt'ul willi ( tlmiiol 7 inin after death J3, treated 
withitliaiud I hr nfurd(atli,6 waolu d tlinco witli water 
ntul trt all'll with i timnol 4 hr after dealli 

The pos^ihle ilfaggrranlino effrrt of salt solutions in the 
pmtiirhon of tmponii/osin This second po®sihilit\ was ex 
plorrd in two wavs lu stndving tlie action of salts on 
(a) ( tlinnol dm d imisele, nnd (h) on etimnol dried myosin 
In tlu limt ei®( it was siiown that three siicecsoivc cx- 
trartums witli M K( 1 suiliec to cxliausl the rrsiduo at a 
point wliere tlu total ])rntcm cxtracled is onh some 4 5% 
of tlu in\o'-iii n miumng in the resuhic, a foiirtli oacmight 
I xtrnrtion inenT-cil tlu Mold h\ onh 2% 

1 ikewi«i tlun IS no e\ulencc of disaggregation wlicn 
m\o®m itself IK Iroafid in a similar manner In this ease, 
thriei pnei|)itatod mvosm, prepared bv the method of 
llnilct (19 12h), was fax-re lined nnd extracted with ethanol 
nnd ether Tlu resulue (8 8 g ) after three extractions with 
M KCI gave, in tlu fourth extract, a more trace of matcnal 
Iirccipitnhlc b\ tnchloroacctic acid The combined extracts 
V leldeil on appropnato t rentment n small amount of matcnal 
whieh, if lentatucl) con.oulorcd as tropomvosin, amounted 
to 0 1% of the nnosm taken (It mat bo noted hero that 
M KCI reduces the P content of dned myosin, duo to tho 
extraction of nucleic acid P ) 

Tropomyosin as a component of the fibril It has alrehdy 
been demonstrated (Table 2) that water extracted muscle 
minco IB not depleted of tropomvosm, and that in con 
sequence the histological site of tho protom must reside 
cither in the Cbnl, tho collagenous supporting structures, or 
in tho nuclear matcnal Tho ondcnco favours tho idea that 
tropomjosin is of fibnllar origin As will ho shown later, 
tropomjoBin must ho considered, both chemically and 
stniclumllj, a species of mjosin, and is thus most hkoly to 
occur with mj osm hforeover, though a water soluble 
protein, it is extraoted from musclo mmeo only under con 
ditions which ollect tho dispersal of myosm (i o m 0 6-1 Om 
KCI), and then only slowly nnd incompletely This dispersal 
IB greatly facilitated by donatunng tho fibnllar proteins in 
ethanol, and oven tlion, salt solutions are necessary for 
extraction In these phenomena w o have a clear mdication 
that in situ tropomjosin is fixed to the structural proteins, 
possibly by olcotrostatio forces arising from tho large 
numbora of base and acid groups which it contains The 
olHcaoy of the othanol other treatment might suggest in 
addition an association with lipids WliatoviSr tho mode of 
combination, its hberation seems to depend Upon a process 
of metathesis m prosenoo of salt, a reaction simulative of 
that between histone nnd thymonuoleio acid For this 
reason, the conception of tropomyosin as a constituent of tho 
nucleus cannot altogether be dismissed, but is improbable 
smcc the amount of thymonucleio aoid, which may he 

18 
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accepted ns n guide to the total amount of nuclear matter, 
18 only c 0 04-0 00% (Dn^ld8on S. Wnj mouth, 1044, 
Schneider Ivlug, 1040) 

Tlie data relating to some of these obsota’’ations 
may now be gi\ en In Fig 1 is shown the efficacy of 
water and salt solutions in oxtractmg tropomyosin 
from ethanol- and ether dried muscle mince Tlio 



Fig 1 Tho yield of tropomyosin from minced, ethanol and 
ether dried rabbit muscle ns a function of tho lomo 
strength of tho estractmg medium (KCl) Tho two sots of 
pomts relate to two different rabbits 

amoimt extracted by water is ml, and that by salt 
solutions a hnear function of molanty up to 10 m, 
when the yield is maximal If, on the other hand, 
frefelily min ced muscle is similarly extracted with 
salt solutions, the conditions here bemg optimal for 
extraction of myosm, the residues, after drying in 
ethanol and ether, still yield considerable amounts 
of tropomyosm, extraction with 0 6m potassium 
cldonde leaves 80% of the total, and with 1 Om 
20%, m the residue The molanty of the salt 
solutions IS agam seen to be important m the case of 
fresh muscle, but even m m potassium chlonde, 
extraction is mcomplete The use of ethanol dned 
mmee not only facihtates extraction, but gives an 
extract free from myosm and other soluble protems 
It may be noted that the acetone dned muscle 
residue used m the preparation of actm (Straub, 
1942) still contains tropomyosm after the actm has 
been extracted 

Properties of tropomyosin 

Solubility Above pH 6 6 and below pH 4 6, 
tropomyosm is soluble m water and m dilute salt 
solutions , the zone of complete msolubihty m 0 01 m- 
sodium chloride extends from pH 4 6 to 6 3 The 
rate of setthng of the precipitated particles is most 
rapid at pH 6 I, mdicatmg that the isoelectnc pomt 
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lies near this pH \ alue In neutral ammomum sul 
phate solutions there exists a wide precipitation 
zone between the limits 45-GO % saturation 

Dcuaturation In 0 1m salt solutions, the protem 
IS not precipitated by lieatmg at 100° at pH >0 3, 
tho bulky precipitate which exists m tho isoelectnc 
zone transforms on heating to a discrete flocculum 
which again disperses at pH 7, not to a true solution, 
but to a translucent gel After hcatmg, or after 
(hssolving m strong urea solutions, the protein no 
longer cn stnihzes On tlio other liand, dehydratmg 
Bol\ onts do not affect tropomyosin m any way, and 
tho protom maj best bo stored by precipitatmg 
from its solution at pH 7 -with ethanol, and sub 
6 oquontl 3 ^ drymg in so\ ernl changes of ethanol and 
then of other Tho protein is precipitated bi tn 
chloroacotic acid but redisperses at pH 0 5 



Pig 2 Relative viBoosity of rabbit tropomyosm as a 
fonction of lomo strength (Ostwald viscometer) Protem 
concentration, 0 816%, pH, 6 6, temp 20° Arrows m 
dicate presence or absence of flow birefringence (FB) at 
low shear rates 

Viscosity In salt-free solutions at pH 6 6-7, tro 
pomyosm forms viscous, non thixotropic solutions 
which show positive flow birefrmgence On addition 
of neutral s^ts, there is a dramatic fall of visoosity 
between the lomc strength values /x = 0 and 0 06, and 
at the latter value the flow birefringence at low 
shear rates just disappears This behaviour is illus 
trated m Fig 2, which shows m addition that the 
lowest values of relative viscosity (eg 3 3 when 
^ = 0 1, c = 0816%)are still high m comparison with 
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those of ‘coqiusculiir’ protciiis TIuk high ^ if-en«it\ , 
e\enmgnU solutiong, first fiiiggi sled timt the inoU - 
cule was inhorciith ns\nnniotrip a conclusi<m fiilh 
supported bv clifTusion studios (Hiule\ d (il 

X ra\ stutbea (Asthiir\ ft nl l''IS) inid 1)\ tho 
high \Tiluos obtamoil for tlic intrinsic mscosi(\ 
Again, tlio largo mcrcaso in ^^gLOs^t^ oi ciirring after 
remo\al of salt appeared too largo to c\jilain c\<.opl 
m terms of a pohnnonzal lon into rolati\ol\ largo 
fibres, Tihich were later i-ecn in tho electron inioro 
scope (i^tbiirv ct al lt148) Tins projiorl \ wnsilifli 
cult to cqilain imtil tho coniplotion of tho ninino 
acid annhsis, when it became clear that it vmis 
related, pnrth at least, to the high coniplcinont of 
dissociating groups which tend grcatK to mhnneo 
tho mtcraction of tho protein wth «nlt and of ono 
protem molecule wtli another 



4— Cilhode pH l/i Anode — > 

(ucendlnf] 



Fig 3 Electrophoretic patterns of rabbit tropomjosin 
(A) m 0 071m NaCl, 0 02m HCI, 0 08m glycine (pH 2 0 at 
21°), protein concentration, 0 8%, 4°, overall \oltago, 
160 (£) m 0 05 m phosphotc, pH 0 45, otherwiso, as for 
(A) but overall voltage, 200 Boundaries a, a aro stationary 
and anomalous 


homogeneity The protein was submitted to 
electrophoresis m the Tisehus apparatus at pH 2 9 
(glyome buffer) and pH 6 46 (phosphate buffer) Tho 
electrophoretic patterns both for the positively and 
negatively charged protem mdicated a complete 
lomogeneity (Fig 3) Although tho ultracentrifugo 
data obtamed by Dr A G Ogston (see Badey et al 
1948) likewise mdicate a homogeneous substance, 
the crystals do not conform to aphase rule solubihty 
A possible explanation, which may also apply to 
some other proteins, is that the Ingh water content 
of the crystals prevents the formation of a stable 
lattice, wluch can be so distorted durmg equih 
bration of the crystals that ultunatelj an amorphous 
product may be produced with a different solu 
bditj 


Aminn arul (ttuih/sis of rohlnt Iropomiiniin 

Tlic Iioimvi III HUM gvmpl'' of prolrin wiiidi had Ikvh sub 
iniltod to sidiini iitatioii nnd i Icrtroiilion tic cxpcninciils 
vn-.H-'Cil for till a i\ ofimliMiliiiiImmnn nriil» IhdrohMS 
nnscffi cted b\ n lluMiig « itb constniit iHiilmg HCI (10 ml Ig 
protein) for 21 hr 1 xiv i IK I ms rciiuncd b\ npratnl 
ivnpomtiou in lui-iio In tin ib ti rniumtioii of some com 
imnriits(ti)tnlA,nmid( A 1’, s, oirbolndritc, boxo«aminc, 
cvstiini s-cvHtim mitbiniimi tnptojilmii t\rosmc)livdro 
hsis mis cimixl out In incnis spi rific to flic nu tliods cited 
lx low 

1/f/Ws Tofvl \ (( liilmall, HciSiV, Williams, 10n)nfUr 
drvmg in lon/o nt KM)’ over PjOj total K (Alien, 1910) 
rarlKilnilmtc (Pine Pltf,), hi xo amme (Palmer, Smvth A. 
Mover, 1937), total S bv alkali fusion (huge 1038), evHt(o)me 
nnd iiietlnonmo bv dilTenntinl oxidation (hugg,1038), 
triptophan nnd tvro«me (I ugg 1937) ninido A bv partial 
livdrolvsis nt 37 in cone HCI for 6 davs (seo llccs, 1910) 
Basic nimno acids were kmdiv determined bv Dr H T 
Mncphcr^oii (Mnepherson 1940), the Ivsine N, obtnincvl ns 
tliedifrereneeofcatholvtc X nnd histidine plus nrginme A" 
ngreod well with the value obtnincvl bv Dr E P Gnle cm 
plovmg his mnnometne dccnrlTOXV Insc mcthoil (Gale, 1943) 
9onnc nnd thnonmo were dctermincvl bj Mr M W Rccs 
using n modification (Rees, 1910) of the Xicolct A Shinn 
(1939) method the figures were corrccteil for deatructivo 
losses diinng hvdroljHis Tho monoaminomonocarljoxjho 
ncids wore nssaved b^ partition chromatogmphj bv Dr 
G R Tnutmm These values aro approximate, since ammo 
acid recoveries were not checked with the appropnato 
control mixture (Tnstrnm, 1940) Tho dicarboxjlio ammo 
acids were qiinntitntivclj isolated from 3 g of protem bj tho 
Foreman (1014) hmc ethanol procedure as adapted bv 
Bniloi, Chibnall, Rccs A W'lllinms (1043) Glutamic acid 
wais indcpcndcntlj estimated b^ Dr E F Gale by his dt 
carboxjlnso method In tho isolation of tho dicarboxjlio 
acid dcnvntivcs, detailed below, an approximate assaj of 
gljcmo was obtamed from a fraction freed from tho bases, 
dicarboxylic acids nnd a largo part of tho less soluble mono 
ammomonocarboxj he acids Two mcthotls were used (l)tho 
tnoxalatocliromiato method of Bergmann A Niemann 
(1937-8), nnd (2) tho chromatographic, now made possible 
by tbo absence of tho bases nnd dicarboxylic acids Both 
methods rev caled so little that tho presence of glycine is 
considered doubtful 

Glutamic and aaparlic acida hy isolation Tho Ca salts wore 
prepared from a sample of hj diolysnte contaimng 0 4083 g 
N under the conditions outlmed by Bailey et al (1943) for 
ovnlbumm Tho initial removal of cyat(o)me with CujO was 
omitted since tho content of this ammo acid is small Tho 
stops in tho nnaljrtical procedure may bo bnofly enumerated 
and compared with the quantitative data of Table 3 
(1) After two lime ethanol precipitations, tho ethanol soluble 
ammo acids (A) wore reserved, the Ca salts (J5) wore decom 
posed, yielding m the order of isolation, crops OA^, OA. of 
glutamic acid HCI AAj of Cn aspartate and OA, After 
a third luno ethanol precipitation of tho final mother hquor 
the Ca salts yielded OA , , AA , , OA, and OA, Each crop was 
reciystallized and tho mother bquors added to tho mam 
filtrate before proceedmg to subsequent isolations (2) The 
ethanol soluble salts (A) wore neutralized to pH 7 with 
oxaho acid, Ca oxalate removed, and the filtrate evaporated 
to a small volume tn vacuo, giving a crystallmo monoammo 
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acid fraction (C) Tlie mother liquor ivas then treated iritb 
Na free phosphotungstic aad under the conditions recom- 
mended by Van Slyke, HiUcr t Dillon (1942) Tlio phospho 
tungstates of the basic ammo acids ivero reci^ staUizcd and 
discarded, and phosphotungstic acid removed from tlio 
combmed mother hquors The final solution of monoammo 
acids ivas freed firom morganie ions CF bj AgjO m presence 
of HjSOi, Ag"*" as crystalhne sulphate and as AgjS, SO^" by 
baryta, Ca'*^ by ovahe acid The filtrate ivas evaporated 
Tvhen a further erop of monoammo acids crvstallizcd The 
residual bquor was retained for the detcrmmation of glj emo 

Table 3 Dicarboxyhc acids and glycine %n 
rabbit tropomyosin 

(Ammo acid N as percentage of total N ) 


N in Ca salts (2 precipitations) 29 0 

Crops OAj-OAg 6f glutamic acid HCl 17 0* 

(Glutamic acid by decarbovylaso method 18 7) 

Crops AAj-AA^ of Cu aspartate 5 74* 

Jlampulative losses 0 1 

Glycme (tnovalatochromiatc method) 0 5 

Glj cme (ehromatographic method) 1 1 


Analysis Glutamic acid HCL Found N, 7 G4 % Calc 
N, 7 03 % [a]j) + 29 4°, mdicatmg admixture uuth 3 4 % 
of the D acid Cu aspartate (water free basis) Found N, 
7 27, Cu, 32 0 Calc N, 7 19, Cu, 32 0% 

* Solubility corrections (Badcy el al 1943) applied 

Analytical characteristics of tropomyosin In Table 4 
are collected the N, P, S and carbohj'drate content 
of tropomyosin and myosm, together with evalua- 
tions of those ammo acids detenmned by two 
different methods In Table 5, ammo acid values 
are converted to g residues The source of data for 
myosm has already been pubhshed (Bailey, 1944), 
but revised values for the basic ammo acids 
(Alacpherson, 1946) are now mcluded The analysis 
of myosm is lackmg m respect of the dicarbox3’’hc 
acids, smee the titration data of Dubuisson & 
Hamoir (1943) mdicate a higher content than that 
found bj^ an older isolation method It must also be 
remembered that specimens of myosm hitherto 
analj’^ed contam a combmed adenosme triphos- 
phatase, not yet proved to be an mtegral part of 
myosm itself, and some 1-2% actm (Perry, un- 
published) With both myosm and tropomyosm, 
chromatographic methods are approximate but com 
parative In the values hsted, the second place of 
decimals is not a gmde to the precision of the 
methods, where results are obtamed mitiaUy on a 
weighed quantity of protem, the second place is 
retamed on conversion to a N/N basis (and vice 
versa) for the sake of averagmg 

It will be seen (Table 4) that tropomyosm contains 
no appreciable amount of P or carbohydrate 
Amongst the amino acids, tryptophan is entirely 
lackmg and glycme probably so 

On comparison with myosm (Table 6) it is at once 
stnkmg that the amounts of the monoammomono 
carboxyhc acids, methiomne, tyrosme, -alanme. 
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valme, leuemes, phonvlalanme, serine and the unmo 
acid prolme, are of comparjible magmtude Both 
protems are rich m argmmo, Ij^me and glutamic 
acid, though the amounts vary from one protem to 
the other Tlie data m no way suggest that the two 
proteins are chemically identical, or even that they 
might be if myosm were freed from probable con- 
taminants There are large disparities m at least 
four constituents which are capable of precise 
assay tlireonine, histidme, tryptophan and amide 
N 


Table 4 Analysis of rabbit myosin and tropomyosin 



Tropomi osin 

"Ml osm 


(as % 

(as % 


protem wt ) 

protem wt ) 

Total IT 

10 C-IC 7 

10 0 -10 8 

P 

0 02 

OfrF 0 00 

Organic S 

0 80 

1 10 

Glucosamino 

^ll 

Xil 

Total carbohydrate 

<0 2 

<0 2 


(As % 

(As % 


protem IT) 

protem IT) 

Lysmo IT (D) 

17 0 

13 0 

Lj sine IT \E) 

18 0 

13 8 

Glutamic acid N (I) 

17 0 

>12 0 

Glutamic acid N (E) 

18 7 

— 


D, IT dilTerence, E, enzymic, I, isolation methods (see 
text) 

The amount of any one ammo acid has so httle 
significance os yet m the mterpretation of structure 
and biogenetio relationships, that it is most profit 
able (Astbury, 1942 , Bailey, 1944) to compare whole 
groups of ammo acids expressed as a percentage of 
the total residues This gves a precise characteriza- 
tion of the protem m terms of types of side chains 
In both myosm and tropomyosm, the ammo acids 
with non -polar side chains (methiomne, tryptophan, 
phenylalanme, vahne, leuemes, prohne, alanme, 
glycme) comprise c 35 % of the total, the polar side 
chains are calculated as 63 % for tropomyosm and 
57 % for myosm, the latter figure bemg minimal on 
account of analytical deficiencies (see above) The 
high valence of both protems is characteristic, and 
m terms of charges of both negative and positive 
type, the value of 45 % for tropomyosm is lugher 
than m any other protem yet analyzed The corre- , 
spondmg value for myosm is 34, fibrmogen 26, 
edestm 27, jS laotoglobuhn 28, casern 23, msuhn 23 
(mcludmg end groups), ovalbumm 20-and zem 3 % 
(It will be noted that the globulins faU m the same 
group by virtue of their high valence ) 

Though this type of comparison agam reveals 
differences between the two proteins, it shows m 
respect of the most characteristic feature of the 
myosm molecule, inz the high content of base and 
non amidized carboxyl groups, that tropomyosm is 
a protem of myosm type 
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Tnblo 0 AiJalijsii of rabbit niDOim and tropomyosin 


CyBtine/2 

Methionmc 

Tyrosine 

Tryptophan 

Glycine 

Alanine 

Valine 

Leucines 

Phenylalanine 

Prohne 

Senno 

Threonine 

Histidine 

Arginme 

Lysine 

Glutnmio aad 
Aspartic acid 
Amide N 

Totals 


(Results calculated on X contents of 10 
Troponi j osin 


N ns 

protein N 

1\ t /lOO g 

Rcfliducs/lOO g 

0 53 

0 70 

0 0003 

1 58 

28 

0 0188 

1 44 

3 1 

0 0172 

Nil 

Nil 

— 

(0 5) 

(0-4) 

— 

83 

88 

0 0988 

o oy 

3 13 

0 0207 

10 0 

15 0 

0 1190 

2 35 

40 

0 0279 

0 95 

1 3 

00113 

3 50 

4 38 

0-0417 

204 

2 90 

0 0244 

1 38 

0 85 

0 0055 

15-0 

78 

0 0448 

18 0 

15 7 

0 1074 

18 7 

32 9 

0 2230 

5 74 

9 1 

0 0084 

5 35 

0 89* 

0 0030 

97 11 

113 72 

0 8418 


7 0 / 1 
* /o 1 


Ml osm 

Nns%^ 
protein K 

M t /lOO g 

Residucs/lOO g 

0 08 

1 4 

0 0117 

1 01 

34 

0 0228 

1 58 

34 

0 0188 

0 GO 

08 

0 0039 

2 1 

1 9 

0 0253 

0 1 

0 5 

0 0730 

1 85 

2 58 

0 0221 

10 0 

15 0 

0 1190 

^ n 

4 33 

0 0202 

1 4 

1 92 

0 0107 

3 40 

4 33 

0 0412 

3 01 

5 11 

0 0429 

39 

2 41 

0 0155 

14 2 

7 30 

0 0423 

13 7 

11 92 

0 0814 

12 0 

22 1 

0 1503 

5 0 

89 

0 0009 

7 10 

1 20* 

0 0857 

03 04 

103 90 

0 7800 


Average residue ivt 

(1) Prom N partition 

(2) Prom irt of residues 

Eesidues/KP g protein 


Tropomj osm 
11^ 2| Mean no 4 
8.19 


tlj osm 

Jj^8(Meanll5 5 
800 


As % of total residues 
Pree aoid groups 
Base groups 
Non polar groups 
Polar groups 
Hydroxyl groups 
Anude groups 


‘g Total 45 0 

35 2 
02 8 
97 
74 



35 7 
57 2 
11 0 
99 


34 1 


• Not mduded m the summations, smeo tho amidized dicarbovylic acids havo approximately the same molecular 

■weight as the non aimdized. j t m i xo 

In the calculation for myosm tho free acid groups found by Dubmsson A Hamoir (1943) from titration data (U loo 
residues/lOO g ) ha'vo been ns^ 


DISCUSSION 

The present research has attempted a general sur\/ey 
of the properties of tropomyosm rather than a 
detailed study of any one aspect Although the 
mam mterest must centre upon the role of tho pro 
tern m the fihrd, it should be noted that from the 
standpomt of its asymmetry and homogeneity, tro 
pomyosm possesses an-mdependent importance as 
an ideal molecule for the test of hydrodymamical 
theory 

There is no direct evidence to define the role of 
tropomyosm, though there are pomters as to its 
nature AU evidence suggests that it is a prototype 
of myosm It is a very elongated molecule (Bailey el 
al 1948, Asthuryef oZ 1948), capable of electrostatic 
mteraction mto relatively enormous fibres of rather 
regular width and 3000-6000 A m length Its 
solubdity properties are similar to those of myosm. 


particularly in respect of tho pH msolubihtj zone, 
its solubility m acid solutions, and the lack of 
xusible denaturation effects ■when such solutions are 
neutralized Like myosm, it possesses a globulin- 
like solubility, for it not only has a himted solubdity 
m dilute salt solutions on the alkahne side of the 
isoelectric zone (from pH 6 to 7), but the saltmg m 
effect of neutral salts on tropomyosm crystals is 
qmte marked Agam, the overall characteristics of 
the ammo acid pattern are of myosm type, and there 
are stnkmg smnlanties m the absolute amounts of 
many mdividual ammo acids, more, m fact, than 
imght be expected to anse by mere comcidence At 
the same time, there are divergences ivhich refute 
the idea that myosm and tropomyosm are chemically 
identical Lastly, tropomyosm, like myosm, gives 
a ivell defined large angle X ray pattern of a type 
(Astbury et al 1948), and is the first member of the 
keratm myosm epidermis fibrmogen group to be 
both genumely fibrous and genumely crystallme 
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In tho light of theso properties it is not luironson- 
able to suggest that tropoinj'osin may be one of 
tho ultimate imits of a Inch myosm is composed 
(cf Bailej' 19406) In situ, it seems to bo firmly 
bound to the substance of tho fibril, and requires 
methods of extraction v Inch suggest that tho pro- 
cess IS one of metathesis Its molecular m eight of 
90,600 (Bailey cl al 1948), moroo\or, is quite com- 
parable mth that of mj osin after depol^Tnorization 
in urea solutions, a process 11111011 is no longer 
assumed to mvolvo onythmg more than tho rupturo 
of socondarj^ lalonco bonds (ilbrsky <L Pauling, 
1936), these subumts of mj'osin haio an aiorago 
molecular i\ eight c 10“' (Weber Stoicr, 1933) K 
in some way tho protom is built up into the myosm 
filament, it might bo misleading to cite tho spon- 
taneous electrostatic mteraction of tropoinyosm 
molecules as bemg the precise means of aggregation 
tn VIVO It demonstrates rather tho abihtj of tho 
molecules to aggregate m regular fashion, whatoier 
the mechanism employed m nature 

Although tho hypothesis cannot bo enlarged in point of 
detail, smeo it concerns an aspect of protein chemistry quite 
unknoTrn and unexplored, it is a logical extension, however 
tentative its nature, of the general pnnciplcs w Inch seem to 
govern tho structure of proteins In their elaboration there 
are at least three lei els of molecular orgamzation tlio first 
concerns the intramolecular pattern, the second, tho aggre 
gation of polypeptide chains (thcmsolics dissimilar in tho 
case of insulin (Sanger, 1945)) into subraolcculcs, and tho 
third, tho aggregation of these latter units to give tho natii o 
protem molecule If difibrenccs exist in tho elaboration of 
n fibrous protem as compared with a corpuscular, they are 
probably differences of degree ratber than of kind, and if it 
IS true that the dopolymcnzation effects obsen ed outside tho 
pH stahdity zone, or in urea and guanidine solutions, are not 
due to the cleavage of covalent linkages, then it follows that 
the stabrhty of tho whole molecule is a reflexion only of the 
number and types of secondary valence forces Such a 
generalization appears to be true, at least, of protems hko 
myosm, m which mterchain disulphide bndges ore not 
operative, but even where these do occur, they' seem to bo 
utibzed m the formation of a stable umt (ns in the case of 
insulm), the aggregation or disaggregation of umts bemg 
a reversible process involving only secondary valence forces 
A possible, though by no means the only, mcchamsm 
(compare, for example, Astbury el al 1948) that con be 
1 isuahzed m the elaboration of a myosm filament is that tho 
necessary cohesion derives fiom the umon of units with 
specific, mterlockmg side cham patterns Whether we seek 
the explanation of enzyme action, antigen antibody forma 
tion, or the nature ofi the unusual colloid mteraction of 
myosmandactm(Badey&, Perry, 1947 o, 6), we are led to this 
conception of specificity as a fundamental property of tho 
protem molecule It is not illogical, therefore, to mvoke the 
same property as responsible, perhaps, for tho elaboration of 
a native protem fiem its component imits It is almost 
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inconceivable that a my osin(nctoiniosin?) filament of some 
16,000A mlcngth (Hall, JakusA-fechmitt, 1940) could ansc 
fully fashioned from an enzime template, or that its 
biogenesis denves from the unfolding of already folded umts 
(cf Lawrence, IbnII, Xecdliam 5, Shen, 1944) It could bo 
conccii ed more readily ns a process, an nutocatalytic pro 
ccss Cl cn, rtquinng only tho presence of umts with inter 
lockingside chain patterns Such units may not be identical, 
and it IS certain, at least, that mi osm consists of something 
more than tropomy osm units 

Tho oxpormiontol 1 orification. of tlio rolo suggested 
for tropomy osm is obnously ono of great difficulty, 
but mdircctly' it 11 ould recen e strong support if other 
types of umts (cf Astbury, 1947) from other fibre 
sy stems (o g tho collagens and keratms) are 
eiontually isolated 

sinniARY 

1 A new asyumnotric, liomogoneous protem, 
termed tropomyosin, has been isolated from skeletol 
and cardiac muscle 

2 Though 11 ater soluble m neutral solutions after 
isolation, it can be extracted from the tissue only by 
salt solutions, and most easily from ethanol and 
other dried tissue, it thus appears to be firmly 
attached to tho structural components of the fibnl 

3 In dilute salt solutions, tropomyosm crystal 
lizes m largo birefrmgent plates containing only' 
9-1 1 % of protem In absence of salt, solutions of the 
protem are exceedingly' nscoiis, due to the aggre- 
gation of molecules by' electrostatic mteraction mto 
large fibres 

4 In rabbit skeletal muscle it occurs to the extent 
of 0 6 g /lOO g of wet muscle 

6 Tho isoelectric pomt IS near pH 6 Its solubility' 
is httle offocted by' heat treatment or by depoly 
merizmg agents such as urea, although the abihty to 
crystallize is lost On the alkahne side of the iso- 
electric pomt, the protem may be dried m orgamc 
solvents without loss of solubihty 

6 Its ammo acid composition is of myosm type, 
and like myosm, it gives an X ray diffraction 
pattern of a-ty'pe 

7 Tlie properties of tropomy'osm suggest that it 
IS a prototy'pe of myosm, and the possibihty exists 
that it IS one of the umts from wluch the myosm 
filament is elaborated 

I om much mdebted to the vanous colleagues already 
mentioned for the apphcation of methods m which they are 
skilled, to Prof A C Chibnall, FES, Mr G S Adair, FES 
and Dr E C Bate South for helpful discussions, to Dr A G 
Ogston for reading the manuscript, lastly and especially to 
Prof W T Astbury, FES for his inspiration 
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Molecular Weight of Tropomyosin from Rabbit Muscle 

By K BAILEY (Alan Johnston, Lnrrrenco and Jlosoloy Follow ), H GUTFKEUNT) and A G OGSTON 
Biochemical Laboratory, University oj Cambridge and Department of Biochemistry, University of Oxford 

(Received 22 January 1948) 


In the precedmg paper (Bailej, 1948) the prepara- 
tion and properties of tropomyosin are described 
The present paper deals mth the determination of 
its molecular weight by tln^ methods osmotic 
pressure, sedimentation-diffusion and ammo acid 
analysis The partial specific r olumo and density of 
the dry protein have also been determmed 

AIETHODS AND RESULTS 

Tropomyosin samples Two preparations have been 
crammed sample A, identical with that used for ammo 
acid analysis and shown to be electrophoreticnlly homo 
gcneoiis (Bailey, 1948), and sample S for which there were 
only analytical entena for puntj 

Osmolie pressure Measurements were earned out at 0“ 
bj the method of Adair (1925) m buffer of composition 
0 2m KCl, 0 0133m XajHP 04 , 0 0207m XaELPO,, pH 6 5 
Protein concentration was determmed by the micro 


Kjoldnhl method, taking 10 7% ns the N content of tho 
protem 

Followmg the procedure of Adair A Robinson 
(1930), the ratio of osmotic pressure (cm of water) 
to protem concentration (P/C) is plotted against O 
(Fig 1), concentration is expressed as g /lOO ml 
solvent, and is obtamed by emplojnng the deter- 
mmed partial specifio volume (see below) of 0 71 
It mU be seen tliat P/C vanes considerablj with C, 
whereas for some proteins (e g lactoglobuhn, oval 
bumm, serum albumm) the vanation is small o\ er 
a similar range of concentration, provided that O is 
^YP’‘f’3a®d as g /lOO ml solvent This anomaly is 
probably due either to a thermal mteraction between 
the particles or to a statistical interaction due to 
their asymmetry Extrapolation of PjC to zero 
concentration gives a value of 2 03, indicatmg a 
molecular weight of 88,000 
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Sedimentabon-diffusion data The sedimentation constant 
was obtamed by examination m the Svedberg od tnrbmo 
nltracentnfnge at Oxford usmg the method of Philpot (1938) 
The concentrations of the protem were determmed refracto 
metrically, assnmmg a specific refractive mcrcmont of 
0 00180, the solvent was ns above, but contamcd NaC* 
instead of KCL The speed was 1010 rev /sec 



Protein concentration/100 ml solvent 

Fig 1 Osmotic pressure/protem concentration (P/C) ns 
a function of C (rabbit tropomyosm) P m cm water, 
C m g /lOO mL of solvent Buffer 0 2m KCl, 0 0133m 
NaiHP04, 0-0207M Tl7aH.P04, pH 6 6, 0° 

The diffusion constant was determmed by two different 
methods In method 1, measurements were earned out m 
a cell similar to that of Lamm A, Poison (1936) and boundanes 
were observed by the Philpot (1938) optical system The 
diagrams were enlarged photographically and the diffusion 
constant D calculated from the formula H = cr/2J, where <7 
represents half the distance between inflexion pomts, and t 
the time m sec The position of inflexion pomts was located 
by dividing the maximal height of the curve by ^ Two 
runs were earned out, one at 0 7 % protom concentration 
and one at 12%, the solvent was that of the osmotic 
pressure measurements Four photographs of the boundaiy 
were made dnrmg each run, and mean values of D were 
denved from the four curves of each experiment Method 2 
IS essentially new and is desenbed elsewhere (Coulson, Cox, 
Ogston i Philpot, 1948) 


concentration, strictly, the molecular weight should 
be estimated from the extrapolated values at zero 
concentration 


Index a Meniscus 

I 4 I 



Fig 2 Sedimentation diagrams of rabbit tropomyosm, 
0 6%, 36 and 05 mm. after rcachmg full speed The 
shadow marked a is due to aberrant cell washer, which 
did not mterfere with the sedimentation process 

Table 1 Molecttlar weight of rabbit tropomyosin from 
sedimentation diffusion data in solutions p = 0 207 



Sample* 
' A 

B 


Protem 

concen 


tration 

fc: 

<1 

Ao (OOIT ) 

Mol 

(g /100 ml) 

X 10" 

xlO’ 

Trt 

1 20 

— 

1 78 



0 70 

— 

2 32 



0 60 

2 60 

(2 43)t 

89,500 

0 665 

2 61 

2 22 

94,500 

0 636 

(2 53)t 

2 26 

94,300 


Mean 92,700 


* jD for sample A by method 1 , sample B, method 2 (see 
text) 

f By extrapolation of values for 1 2 and 0 7 % protem 
concentration to 0 6 % 

J By interpolation of values for 0 60 and 0 065 % protem 
concentration 


The sedimentation diagram for sample A (Fig 2) 
showed a smgle homogeneous component of Sjo (corr ) 
2 60x 10“” Integration ofthe areas of the boundary 
m the diagram gave 103 % recovery of the refractive 
mcrement (Philpot, 1939 , Johnston & Ogston, 1946), 
showmg that this boundary mcludes the whole of 
the sedimentmg material Sample S was likewise 
homogeneous 

The several values of s and J) corrected to 20° and 
to a water basis are given m Table 1, molecular 
weights were calculated by the usual formula 
RTs 

M = 55 — usmg a value of 0 71 for the partial 

D{l-Vp) ^ 

specific volume ( F) The mean value from these data 
IS 92,700, somewhat higher than that by osmotic 
pressure It should be noted, however, that there is 
a marked variation of D (and probably also of s) with 


Molecular weight from the histidine content Smee 
lustidme may be determmed accurately (Maepher- 
son, 1946), and smee the amount m tropomyosm 
(0 85 g /lOO g protem) is sufficiently small, the 
minim al molecular weight multiphed by some small 
whole number should lead to a rehable value for the 
true figure The minima l molecular weight thus 
obtamed (18,180), multiphed by factors of 4, 6 and 0, 
gives the values 72,700, 90,900 and 109,100 re 
spectively Of these, only the middle value 
approaches those found by other methods 

Mean molecular weight The mean molecular 
weight, den\ ed from osmotic pressure, sedimenta 
tion diffusion (mean value) and analysis, is 90,600 
IJsmg this value and an average diffusion constant 
of 2 36 X 10-’ (probable value at 0 6 % protem con 
centration), Z>g, the diffusion constant of a spherical 
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molecule of suiular molecular ^\ eight , la found to 1«5 
7 2x 10"‘, gi\TUg a fnctional ratio DJD=Jlfo = '^ 1 
Tins ^alue, os far ns can bo ascertained, la much 
greater than anj recorded for a protein of com 
parable molecular n eight, though idenlK it should 
be calculated from the \ nluo of D at rero concen- 
tration As m the case of otiicr proteins, the cal- 
culation of nsymmotrj from the frictional ratio is 
compbeated by tho uncertain magnitudo of tho 
ivater of lijdration Taken in conjunction with 
phj-sical and X raj CMdcnco (BaiIo\ , 1948, iVstburj , 
Reed A Spark, 1948), tho high \ nluo of///o indicates 
m a quabtatn o manner tho pronounced n.s\'Tninctrj 
of tho molecule 

Partial epceific volume and density of dry protein Deter 
mmntions of partial specific volume (I ) liaic liccn nmdo 
both m ivater and m salt Eolutions, umng 25 ml dcnaitj 
bottles equilibrated at 20 S°±0 1 Corrections U'cro applied 
for buovancy and for the small amount of ash in the protein 
In salt free medium tho viscosilj ib so high that it was 
necessary to evolve a special technique the isoclectnc pro 
tern (dned m ethanol, ether and in racuo) was weighed into 
the bottle and a calcnlated volume of n/ 70 NaOII added to 
give a final pH of 0 5 tVithm 24 hr tho protein had Bwollen 
to a viscons sol from which air bubbles were removed bj 
hght centnfugmg Distilled water was non added to capaeity 
and tho stopper msorted Sineo there a ns no admixture of 
protem with the upper water layer, tho loss of hquid in this 
latter operation docs not incur loss of protein A correction 
was apphed for tho contnbution of Na ions to tho density of 
tho medium 

In salt solutions an accumto salt concentration was 
obtamed by adding cither NaCl or KjS04 to a dialyzed sol 
and dilutmg to 100 0 ml Samples were then transferred to 
tho density bottle Protein eonccntration was dotermmed 
both by dry weight and by N content, and oxperunents m 
which values disagreed by more than 1 % wore discarded 
All samples were measured by weight and not by volume 

The mean value of V (Table 2) is 0 71, that cal- 
culated by summation of ammo acid residues listed 
in the previous paper (Bailey, 1948) is 0 736 
Because of this discrepancy the details for tho deter 
nunation of V have been given at length It seems 
clear that the assumption of F m the calculation of 
molecular weights may on occasion give rise to 
serious error, though it is true that m other cases the 
calculated values of F agree well with the observed 
(Cohn iL Edsall, 1943) It is possible that the dis 


crtpnncv is confined to proteins wnth largo nmoimts 
of acid and base groups, and duo cither to an intcaso 
olectrostnction of Iho molecule itself, or, more pro 
bftbh, to olectrostnction of tho water of hydration 


Table 2 Partial specific i ohtinc ( F) and 
density (p) of dry tropomyosin 


Mediiini 

V 

p 

atcr 

0 708 

— 

Water 

0 703 

— 

NaCl(l Om) 

0 704 

— 

KrSO, (0 OM M) 

0 715 

1 270 

Paranin 

— 

Pamllin 

— 

1 278 

Xj lone 

— 

1 280 

Mean 

0 71 

1 28 

The density of tropomj osm after drymg at 100° 

ill vacuo over P.Oj; 

IS gi\cn. 

m Table 2 In these 


experiments, measurements w ore carried out usmg 
pnmlTin or xylene as displacmg medium, rcmovmg 
entrapped air bubbles from tho protein by evacuatmg 
after immersion of protein m tho medium It will be 
noted that there is a v ery largo discrepancy between 
tho ‘apparent density’ of tho protein in solution 
(1/0 71 = 1 41) and tho doterminod value for the dry 
protein (1 28) Similar discropancies, though not so 
largo, exist m other proteins, tho density of dry 
lactoglobulm(McMeokin<LWnmor, 1942) isl 20 and 
tho ‘apparent density’ from tho value of F = 0 764 
(Podorsen, 1930) is 1 33 

STOIMARY 

1 Tropomyosm from rabbit skeletal muscle is 
entirely homogeneous in the ultracentnfuge 

2 Tho molecular weight m salt solutions 
(p = 0 207) IB found to bo 88,000 bj' osmotic pressure 
and 92,700 by sodunontation diffusion, the value 
derived from the histidme content is 90,000 and the 
mean of all values, 90,600 

3 The osmotic pressure and diffusion constant 
(and thus probably tho sedimentation constant) are 
markedly dependent upon protem concentration 
At the lowest concentration mvestigated (0 6%), 
the frictional ratio is 3 1, mdicatmg a very asym 
metric molecule 

4 The partial specific volume (0 7 1 ) is lower than 
that calculated from ammo acid residues (0 735) 


REFERENCES 


Adair, G S (1926) Proc Soy Soc A, 108 027 
Adair, G S & Robinson, M E (1930) Btochem J 24,1864 
Astbury, W T , Reed, B & Spark, L. C (1948) Biochem J 
43 282 

Badey, K (1948) Biochem J 43, 271 
Colm,E J AEdsaU,! T (1943) Proteins,AminoAcidsand 
Peptides New York Remhold Pubbahing Company 
Conlson, C A., Cox, J T , Ogston, A G & Philpot, J St L 
(1948) Proc Boy Soc A, 192, 382 


Johnston J P AOgBton,AG (1940) Trans Faraday Soc 


Lamm, O & Poison, A. (1936) Biochem J so 528 

L. A Warner, R C (1942) J Amer ehem 


Soc 


Maepherson, H T (1946) BuxJiem J 40, 470 
Pedersen, K. 0 (1936) Biochem J 3o 961 
PWpot, J St L (1938) Nature, Bond ,141, 283 
Philpot, J St L (1939) Biochem J 33, 1707 



282 


1948 


An X-ray and Electron Microscope Study of Tropomyosin 

By W T ASTBURY, R REED aot L C SPARK 
Department of Bwmolecidar Structure, Untverstty of Leeds 

(Received 22 January 1948) 


METHODS AKD RESULTS 
X rays 

A technique that ire have found convenient m trying to 
obtain onented preparations of elongated mncromolecules 
IS to make a thin film by drying a pool of sol on a gloss pinto, 
and then to stretch narrow ribbons of the film (Astburj' A 
Dickmson, 1940) The first stop tends to leave the molecules 
lying parallel to the surface of the film but m all azimuths, 
whde the second tends to dran them parallel also to the 
direction of stretching, so that in the end an X ray fibre 
diagram sbonld result Even without the second step, how 
ever, an imperfect fibre diagram may bo evpcctcd if the 
specimen is photographed with tho X raj beam paraUel to 
the surface of the film Further orientation and stretching 
effects may be produced by squeozmg tho film between small 
pieces of plate glass clamped together by screw chps 

Tlun films of tropomyosin ore readily prepared 
from the aqueous sol The X ray diagrams obtamed 
when the beam is perpendicular and parallel to the 
film, respectively, are shown m Figs I a, 6 Tliey are 
typical wide angle a-pattems of the keratm myosm- 
epidermis fibrinogen group The fact that Fig 1 6 is 
such a good approximation to a true fibre diagram 
mdicates that the tropomyosm units are so elongated 
(and probably stiff) that the drj'mg contraction ' 
normal to the surface of the sol forces them to lie 
down almost flat The observed spacmg of the clior 
acteristic meridian arc is 6 1 1 A , but for the present 
there is some uncertamty about the side chain 
spacmg It IS m any ease always difficult to measure 
exactly, but m addition we have noticed on apparent 
vanabihty at room humidities that, pending further 
mvestigation, might reasonably be asenbed to inter- 
cham swellmg by water Tlie lugher estimated values 
are of the order of 10 A , winch is rather greater than 
what is found for keratm and myosm Tlie photo 
graphs illustrated m Figs 1 a and 2 a — they were of 
an earher preparation — show also an ‘extraneous’ 
halo at about 4 2 A , which is a spacmg that we Iiave 
come to associate with traces of fatty substances, 
though it does not follow, of course, that that is 
necessarily the correct interpretation here 

It has not yet been found possible to produce 
tropomyosm by stretchmg the a film, either air dry 
or over water vapour, for it always breaks after a 
small percentage extension In this respect it differs 
sharply from keratm and nijmsin Neither has 


squeezmg at ordmary temperatures been found 
effective, though it succeeds ivith keratm, myosm, 
and fibnnogen (Astbury & Sisson, 1935, Astbury A 
Diclunson, 1940, Bailey, Astbury & Rudall, 1943) 
It appears for the moment that heat is necessarj for 
instance, the disoriented but exceptionallv well 
developed j3 diagram sliowm m Fig 2 a was obtamed 
by drymg a moist specimen at 105°, vlule Fig 26 
uns obtamed by squeezing another moist specimen 
between pieces of plate glass that had first been 
heated m steam, and then photographing with the 
X ray beam parallel to tlie flat surface Tlie trans 
formation to ^ tropomyosm can take place at much 
lower temperatures, however, for a good p diagram 
was also obtained wlien the plates were preheated 
to only 80° 

Fig 26 IB of the less famibar ‘cross )3’ tjqie, i e 
■with the backbone reflexion Ijung on tlie meridian 
instead of on the equator , and detailed eYarmnation 
shows that this is due to the fact that hot squeezmg 
not onlj" transforms the folded a-form into the 
extended p form, but also rotates the polj'peptide 
grids so that their side chains stand approximatelj 
normal to the plane of flattenmg This effect (it 
mdicates a builchng up of ribbon like aggregates of 
^ grids held together bv the backbone Imkage) was 
first observed on squeezmg keratm m steam (Ast 
bury & Sisson, 1936), and it was later obsened on 
squeezmg moist myosm even at room temperatiu-e 
(Astbury & Dickmson, 1940) 

Tiio backbone spacmg is agam 4 65 A , as found 
m the other members of the I. m e /group, but for the 
present the other two pnncipal spaomgs, the side 
cliam spacing and the ammo acid spacmg, are not so 
definite As m the a diagram, the former appears to 
be someu^if'’! lugher than usual (it is probably over 
10 A at room humidity), while, m the absence of the 
normal jS diagram, the latter can only be estimated 
at 3 2-3 3 A 

Prelimmary X ray exammation has been made of 
tropomyosm crystals m the ‘powder’ form, air dry 
and moist, but nothmg has been revealed so far 
beyond the disoriented « pattern, plus ammomum 
sulphate reflexions m the first case and a water halo 
in the second It is clear that the a pattern arises 
from the structure of the mdindual tropomyosm 
units, if the crj^atals are redissolved and a film is 
made, the a pattern is found as before 
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Fig 1 X ray photograph of tropomyosin film at ordinary humidity (a) Beam perpendicular to the 
surface (Disoncntcd a.) {b) Beam parallel to the surface (Partially oriented a ) 

Fig 2 (a) Disoriented ^ chagram obtained by drying moist tropomyosin at 105° (6) Cross ^ diagram 

obtained by squeezing moist tropomyosin between gloss plates that had been heated in steam 
Beam parallel to the surface 
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Fig 3 Tropony'oain fibrils deposited from aqueous solution 
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Fig 6 Tropomyoam fibrils deposited from aqueous solution and shadowed with gold 
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A few prelumnarj obscnntions hft\o also been 
made on the propcrt\ of ‘supcrcontraction’ that 
tropom} osinmight be es-pected t o pos‘»es3 in common 
with the other members of the I m cf group It w ns 
found to be no exception For this test, short lengths 
(about 1 cm ) of narrow ribbon cut from n thin film 
were exposed to steam, and m e\ on case n rapid 
contraction was recorded, amoimtmg m the mean to 
some 30 % of the imtiallength These w ere admit tcdly 
only rough trial exponments, but tlioj lea\o no 
doubt that tropom} osm, too, has the pow or of super- 
contractmg Btronglj Itmnj borccnllodtlintsmnlnr 
experiments -with mjosm films sn which the mole 
cutes lay approximatclj flat, but m all azimuths, 
ga\-e suporcontractions of the order of 20% of tho 
mitial length (Astburj A Dickinson, 1040) 

Electron microscope 

The photographs were taken with an RCA instrument 
typeB The preparations studied were formed from drops of 
solution placed on filmed specimen gnds and dned one or 

other of the following means air dning at room tern 
perature, accelemted air drjmg at about 50’, desiccator 
drying, rapid vacuum drying The aqueous solutions at 
pH 6-7, were made bj dissolving m thricc filtered distilled 
water the homj sohd obtained on diy mg a concentrated 
solution, and then diluting to about 1 m 50,000 Two salt 
solutions were exammed, one m 0 1 m KCl and the other m 
0 033 mKC 1, at a concentration of 0-002% protein hor 
these a drop of solution was placed on the filmed gnd and 
then unmediatelj drained off with filter paper so as to Icav c 
a thin laj cr Tho results described here w ore obtained w ith 
tropomyosm prepared from rabbit skeletal muscle but 
towards the end of the mvestigation similar photographs 
were obtamod with fish tropomj osm 

Aqueous solutions were thus shown to gi\ e a mesh 
of X erj' long, fine, and, remarkahlj uniform fibrils, os 
illustrated m Fig 3, which is a straightforward 
micrograph without either stammg or metal 
aliadowing 

Similar dry preparations deposited from aqueous 
solution were also exposed to tho \apour of 1% 
osmie acid solution, at room temperature, for periods 
of 1-30 mm , and afterwards washed with distdled 
water This treatment made the fibrils much bolder 
m the viewmg screen, and m addition it revealed m 
p aces a transverse banded, and somewhat saw 
oth, appearance Fig 4 illustrates a micrograph of 
thia sort 

The most sinking photographs (e g Fig 6) were 
° shadowmg the dry preparations wnth 

now well known technique developed 
y \\ illiams A Wy ckoff The fibnJs are seen to be of 
the order of 200-300 A thick, and though there were 
Sometimes mdications of the banded or beaded 
^H'SWance suggested by the osrmc acid photo 
found possible to confirm this 
g outnght because of suspicions that the gold 


may have aggregated However, it is hoped to 
repent these experiments later usmg cliromium 
Tho action of heat on aqueous solutions of tropo 
myosin is illustrated by Fig 0 The solution was 
heated at 80° for 5 mm and a small drop was quickly 
tronsforred to a filmed specimen gnd that had been 
warmed to 50° m a dry tulio, after which the pre- 
paration was dried as quickly as possible It wall bo 
seen that there is n well marked change m the 
character of the fibnLs tho network has shrunk and 
tho fibnLs liav o less sharp outlmes and ha\ e become 
curled up and often twisted together Sirmlar e-xpen- 
ments at 100° or for longer times produced still more 
marked effects of this kmd 

Tho act ion of KCl IS illustrated m Fig 7 The effect 
13 to thsperso tho fibrils more or less completely, m 
fact, the 0 1 Ji solution gax e hardly anythmg on 
which to focus After stammg with osmic acid 
\ apour a few small fibrils and particles were rex ealed 
m the deposit from the 0 03 si solution, but from the 
0 1 x 1 solution there were fewer such particles and 
only poorly' resolved micro fibnls, perhaps about 
100 A thick and a few hundred A long 

DISCUSSION 

Tho following discussion is based partly on the X ray 
and electron microscope results just desenbed and 
partly on data gixen m tho precedmg papers by 
Boilov (1048) and Bailey', Gutfreund A Ogston 
(1948) 

Troporay osm is distmguished from other members 
of the ^ w c / group (except perhaps fibrmogen) m 
that it consists of relatix ely' short identical chains, or 
combmations of chains, from w Inch can be prepared 
both fibres and xisible orthodox crystals It is a 
‘monomer’ of the group (Astbury, 1947a, 6), so to 
speak, tho other members havmg proceeded pre- 
sumably to the further stage of end to end addition 
to form much longer chains It may be a breakdoxvn 
product of some larger complex already built up m 
this x\ay, or it may represent ‘monomenc’ vmits 
isolated before poly'menzation but m either case 
there can be no doubt of its great importance for the 
study of the fibrous protems It is a key discoxery 
that properly exploited might X'ery' well make the 
decisive contnbutxon towards elucidating the 
km ef group completely' 

Takmg the probable x alue of the molecular weight 
to be about 90,000, this is eqmvalent to 90,000/ 
116 4 = 773 residues, and if these residues were m- 
corporated mto a single poly'peptide cham m the 
fully extended configuration, tlieir total length 
would amount to 773 x 3 33 = 2574 A , and tlie 
average side dimensions of the cham would be 
approxunately lOA by 4 6A The mean ajaal ratio 
w ould thus be well over 300 We hax e, of course, to 
consider all poasibihties m relation not only to X ray 
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data but also to those pro\'ided by other techniques, 
but there is no really convincing argument in favour 
of this mterpretation Such diffusion and viscosity 
emdence as is available for the present, though 
admittedly unperfect, at least pomts to a consider- 
ably smaller axial ratio, and it is hard to behev e that 
such long, flexible chains would bmld large crj'stals 
of the commonplace habit observed The X-ray 
photograph given by tropomy osm in its normal state 
IS always an a diagram, and qmte apart from any 
question of the true rfature of the a configuration, 
no doubt now remains as to what land of diagram is 
given by the fully extended or ^ configuration there 
IS always a strong backbone reflexion of spacmg 
4 65 A , not to mention other characteristic re- 
flexions of weaker mtensity There is nothmg m the 
normal tropomyosm diffraction pattern to suggest 
either extended chains of the full length quoted 
above or combmations of sirmlar shorter chams the 
diffiraction pattern of aggregates of extended chams 
appears only after treatment to that end 

Accordmg to views most favoured at the moment 
{Astbury & BeU, 1941 , Astbury, 1942), the a form is 
produced by a regular foldmg of the backbone (m 
a plane transverse to the side chains) which reduces 
the length by very nearly one half On this mter- 
pretation we have, therefore, to consider chams 
of length about 1287 A , or combmations of sub 
multiple chams which are either distmct or are only 
loops m the longer cham Table 1 gives the approxi- 
mate dimensional characteristics of some of the more 


Table 1 Some possible dimensions of the 
tropomyosin molecule 


Effective 
no of 
a chams 

Length 

(A) 

Side 

dimensions 

(A.) 

Mean 

axial 

ratio 

1 

1287 

10 X 9 5 

132 

2 

644 

20x 96 
or 10 X 19 

44 

3 

429 

30x 96 

22 


or 10 X 28 6 

plausible possibihties These dimensions refer, of 
course, to the anliydrous molecule, jmd they are 
mtended to be no more than rough gmdes for com- 
parison with results that may be obtamed by other 
methods The alternative side dimensions correspond 
to the two prmcipal modes of linking parallel poly- 
peptide chams, either by then side chams to form 
a ‘ gnd ’ of two or three chams, or by their backbones, 
m which case they he on top of one another hke 
centipedes The first possibihty seems the more 
reasonable, but arguments can be adduced m 
support of the second 

Table 1, tentative as it is, serves at least to bnng 
out the marked dimensional differences to be ex- 
pected, and it should not be too difficult to distm- 


guish between the various possibihties by means of 
critical measurements of diffusion, viscosity, and 
light scattering Such measurements are for the 
present mcomplete, but it is mformativo even now 


Table 2 Calculation of D and v from possible 
axial ratios of the tropomyosin molecule 


(1) 

Mean 

(See text for explanation of columns ) 





axial 

(2) 

(3) 

(4) 

ratio 

DJD 

D 

V 

132 

~4 7 

~1 54 X 10“’ 

-990 

44 

2 78 

2 00 X 10-’ 

143 

22 

2 07 

3 49 X 10“’ 

45 


to make a few comparisons Table 2 gives estunaf es 
of quantities related to diffusion and nscosity The 
explanation of the four columns is as follows 

(1) These axial ratios ore taken from Table 1 For the 
pmpose of subsequent calculations the assumption is that 
the molecule approximates to an unhydrat^ elongated 
ellipsoid 

(4) jD^is the diffusion constant of a sphere of the same mass 
and volume os the eUipsoid Its radius is given by 

4/3iriJ X 1 28 =90,000 x 1 06 x 10'“, 

■K-henco r=303A 


Also 



where L is Boltzmann’s constant (1 380 x 10~i* org/degree), 
T IB absolute temperature, and 17 is the viscosity of the sol 
vent (m this case a buffer at pH 0 5, consisting of 0 2 ji-KC], 
0 0133JI No,HP 04, 0 0267ai NaHjP04, for which Bailey 
found a viscosity of approximately 0 0098 poise) Thus 
at 20° IB found to be 7 23 x 10“’’ cm */seo The ratio DJD is 
eqmvalent to ///(,, the ‘frictional ratio’ of Svedberg A 
Pedersen (1940), and it is obtamed from the axial ratio by 
aid of a table (Cohn & Edsall, 1943), based on F Pemn’s 


(1930) equation 


(3) D follows from the ratio DJD and the caloulated value 


of Do 


(4) ’The quantity VIS the so called‘viBcosity mcrement’ of 
the solute, and is given by 




where ij is the viscosity of the solution, 170 that of the solvent, 
and ^ 18 the volume fraction of the system occupied by the 
solute molecules It is obtamed from the axial ratio by aid 
of a table based on Simha’s equation (Mehl, Onoley 
Simha, 1940, Simha, 1940, Cohn & Edsall, 1943) 


Hie available experimental values of D are 2 22 
and 2 26 X 10“^ found by Ogston, and 2 43 x 10“^ 
found by Gutfreund on extrapolating to a protem 
concentration of 0 6 % the values obtamed at con- 
centrations of 1 2 and 0 7 % Badey (personal com- 
munication) has found values of v equal to 79 and 
66 at lomc concentrations of 0 27 and 1 07, re- 
spectively If we assume that axial ratios inter- 
mediate between those quoted are ruled out — an 
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assumption which seems rcasonnblo in tho light of nil 
that we know noi\ about tho L m c J group — then it 
18 fair to say that tho diffusion data support tolerably 
well the double a chain structure of moan axial ratio 
about 44 'Wo should expect tho obsen cd diffusion 
constant to bo nppreciablj less than tho calculated, 
prmcipaUy bocouse i\ o ha\ o made no nlloM anco for 
hydration, which can liardlj bo neglected w itli such 
a polar molecule ns tropoinj osin, and because, 
stnctlj speakmg, no need to know tho diffusion 
constant either at mlimto dilution or at least for 
a region of concentration whero it docs nctuallj 
remam constant Those omissions represent only tho 
more obnous difficulties there arc, besides, tho 


Tho suggestion that a fimdamontal umt of the 
Lm cj group comprises at least two parallel chains 
(either distinct or forming a loop m a smgle longer 
chain) 18 tho more reachlj^ acceptable because there 
ore also certain X ray mdications to that effect 
(Astburj Woods, 1933) Tho crystallographic m- 
torprotation of tho diagram requires a umt of 
pattern m Inch repeats m one of the lateral directions 
at a distance of twice tho backbone spacmg, and our 
origmal explanation of this, which appears to be 
gcnernllj approved, was that it arises from two 
chains running lengthw ays but m opposite directions 
and Imked b 3 a succession of CO NH bridges (now 
known ns tho ‘backbone linkage’) thus. 


X CHJZ 


NH CHB CO 


.CO 

NH CHR CO 


NH CH^ 


CHR 


,NH^ 

'CO ^CHR 


NH 


CQ^^ CH^ ^’H ^CQ^^ CH^ 

NH ^CO CHR NH ( 

NH ^OHR .C(^ ^H CHR . 

^CO'^ '^H CHR ^CO '^NH 


.. . 0-3A 


V CHR ^CO 
CO ^NH ^CHR 


(Tho side chams are perpendicular to tho plane of tho paper 
and are polntmg oltomatcly np and down) 

Fibre axis 


espenmental difficulties associated with the exact 
measurement of diffusion constants, and m any case 
the theoretical formulae used are still to be con- 
sidered as no more than hopeful approximations, 
pending thoroughgomg test on smtable molecules 
whose characteristics have been defimtely estab 
hshed by mdependent methods There would be 
httle justification at this stage m trymg to estimate, 
for example, the degree of hydration required to 
bndge the gap between prediction and observation, 
ut on the whole it does appear that agreement with 
a double a cham is not unsatisfactory As regards 
the viscosity data, however, the situation is less 
encouraging, for the present available values of v 
pomt to somethmg between the axial ratios of 44 
and 22, that is, the observed viscosity is less than 
nnght he expected for a double a-cham The ex- 
P anation of this discrepancy may be m Simha’s 
OTmula, which is meant to apply only if orientation 
e ects produced by the sheanng forces are so small 
at aU molecular orientations may be taken as 
equally probable With greatly elongated structures 
anc as we have reason to believe tropomyosm mole 
a es am, the velocity gradients required to meet 
condition must be very small mdeed, otherwise 
th^ viscosity will always be low At present 

data are msuflBcient to guarantee 
'^nat Simlia’s equation would bei'ahd 


The electron rmcroscope studies show that the 
very high viscosity and the easy flow birefrmgence of 
aqueous solutions of tropomyosm are consequences 
of the umts aggregatmg mto long, fine fibrils The 
latter are observed visually only after evaporation, 
but there is no doubt that they exist as such m 
solution so long as salt is absent when potassium 
chloride is added the fibrils are broken down agam 
mto their umts, but the change is reversible on 
removmg the salt As already mentioned, it is 
remarkable how uruform the fibrils often are, as 
though they tend to an almost crystallographic 
regularity, but this is perhaps not surprising m vnew 
of the well formed and comparatively large crystals 
that can be grown by other procedures The 
micrographs taken after treatment with osmic acid 
strengthen this impression by their occasional 
banded appearance, and it may be that some of the 
micrographs taken after gold shadowmg, though at 
present open to suspicion, are to be mterpreted 
similarly By analogy with the yam like structure 
of 80 many other fibres it would be natural to assume 
that the long tropomyosm umts be lengthways m 
the fibrils, overlappmg one another irregularly m 
many regions, but lying strictly abreast or at least 
overlapping with geometrical regularity m those 
places where transverse bands are found, but it is 
not yet possible to verify this assumption directly 
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by means of the X ray diagrams because of the 
difficulty of stretching strips of film without rupture 
All that photographs of unstretched film show is that 
elongated umts he approximately parallel to the 
surface of the film, but whether parallel or trans- 
^ erse to the fibrils is imcertam , but if a suitable 
stretchmg teclmique could be do\’ised, then it might 
be possible to orient the fibrils approximately 
parallel to a smgle direction and thus reveal wluch 
way the units ho wilhin the fibrils It seems \erj'- 
probable that they he length-nays, otherwise wo 
imght expect the flow birefringence to bo negative 
■with respect to the direction of flow, whereas it is 
observed to be positive Agam, the obseri ed usual 
fibril thickness is of the order of 200-300 A (and 
finer fibrils are found too), which is less than the 
presumed length of even a three cham umt, lot alone 
the two chain umt suggested by the diffusion data 

Tropomyosin fibnls present an important cxaraplo of a 
phenomenon whieh has come to the fore only recently, but 
■which promises at last to throw hght on the mechanism of 
formation of protein fibres in vifo It is now well estabbsbcd 
(Astbnrv, Dickmson Baile\ , 1935), and indeed has led to 
suceessfol mdustnal development (of Astburj’, 1946), that 
artificial protem fibres can bo made by unfolding and sub 
sequently dra-wing out the pol 5 qicptide chains from the 
specific configurations of many corpuscular protems, but 
■whether this process bears an-y relation to -whnt happens m 
nature is another question ActuaUj, the evidence is bo 
ginning to point m a direction that is rather on extension of 
the fomdiar mechanism of chain formation by poljrmcn 
zation and polycondensotion that has been e-xploited so 
stnkmgly m the manufacture of the other great group of 
man made fibres, such as nylon and the like, which arc truly 
synthetic It is for thus reason that wo have considered 
tropomyosm as a kmd of ‘monomer’ of the L ni e f group 
(Astbury, 1947 a, 6) it has the capacity of buildmg up fibres, 
but as so far observed in vitro these are only of an im 
permanent character, the constituent units are held together 
by no more than secondary hnkages and thej can be dis 
persed agam simply by the addition of salt We can, how 
ever, conceive of a further and more permanent step whereby 
long fibres are built up by the mcorporation of covalent 
hnkages between the ‘monomeno’ umts, and it is a ‘poly 
menzation’ step of this kmd that now seems one of the 
likely final stages m the formation of keratm, myosm and 
fibrm, and other natural protem fibres Two other recently 
recognized examples of the reversible aggregation of cor 
puscular umts to form long, uniform fibnls are fibrous 
msulm (Waugh, 1946, Hall, 1947) and F actm (Jakus A 
HaU, 1947, Astbury, Perry, Reed A Spark, 1947) The latter, 
discovered by Straub (1942, 1943), has been shown by 
Szent-GySigyi (1942, 1947) and his school to play a cntical 
part m the mechamsm of muscular contraction, but its 
significance m the deeper family relationships of the 
L m e f group may turn out to be more fundamental still 
(Astbury, 1947 6, c) 

TTie macroscopic crystals of tropomyosm that 
Bailey has succeeded m gro-wmg arouse the greatest 
mterest Above all they offer an opportunity of 
smgle crystal study by X-ray methods, -with the 
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object of discovermg ultimately at least the detailed 
shape if not the actual structure of the umts For 
the present v hat has been ascertnmed is that m the 
powder form the crj stals give the same tj'pe of large 
angle diffraction pattern as is given by films and bj 
the other members of the L m cf group, but it is 
hoped soon to bo able to operate -mth smgle cr} stals 
The thoroughly orthodox habit alone is somethmg 
of a surprise, for it is the sort of thing one associates 
not with greatly elongated rods but rather -with 
molecules much nearer the spherical , but ex en more 
astonishing is the x ery high x\ ater content, amount 
mg to almost 90% Bailey’s figures are water 
89 6, ammonium sulphate I 74, and protem 8 7G%, 
from x\ Inch it folloxvs that there are on the ax erage 
about sixty six xx ater molecules per ammo acid 
residue Another way of describmg the situation is 
to say that on the basis of parallel two cham units 
of lateral dimensions appro-ximately 20 x 10 A , each 
encased m a uniform thickness of water molecules, 
the mean distance between the surface of one umt 
and the next comes to about 40 A ' Of course, the 
longer side chains will project bey ond the ax erage, 
but m the case of the longest (argmme) tliis xvill onlv 
reduee the distanee between the ends of side chains 
by' perhaps 10 A , and we are still left xvith the 
impression of a structure that is hardly more than 
an organized gel, an impression that is confirmed bx 
the great difficulty m ex'en moxong the crystals 
xvithout distortmg them 

SmCMARY 

1 The large angle X ray diffraction diagram 
of tropomyosm is the charactenstio a diagram of 
the keratm myosm epidermis fibrmogen group A 
similar diagram is obtamed whether the specimen 
13 tbm film prepared from aqueous solution or a 
crystal ‘powder’ presumably, therefore, it arises 
from the mtramolecular pattern of the tropomyosm 
umts themselves 

2 It has not yet been found possible to produce 
the p diagram by' stretchmg or squeezmg at room 
temperature, but a well defined )3 diagram appears 
on heatmg to above about 80°, and hot squeezmg 
orients the side chains perpendicular to the plane of 
flattemng, as m other members of the h vi-c f group 

3 Prelunmary teats mdicate that tropomyosin 
film shows the property' of ‘supercontraction ’ found 
m other members of the L ni ef group 

4 In the electron rmcroscope, a deposit from 
aqueous solution is seen^to consist of remarkably 
unif orm fibnls mostly about 200—300 A thick These 
fibnls are completely dispersed mto tlieu con 
stituent umts by the action of potassium chlonde 

6 YTien stamed xvith osmic acid, and possibly' 
also on shadoxvmg xnth gold atoms, the fibrils show 
mdications of cross stnations 
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6 Fibrils deposited from preheated aqueous 
solution have a slminken, curled up and twisted 
appearance 

7 The structures of the tropomyosm umts, fibrils 
and crystals are discussed m the hght of the above 
findings and data reported m the accorapanjung 
communications It is suggested that tropomyosm 
IS a typical ‘monomer’ of the k m cj group, the 
long fibres of winch are built up by a process of 
‘poljTnetization’ mvolving hnkages of a more pfer 
manent character than those which operate m the 
formation of the fibrils found m aqueous solution 


Tlie latter, however, would appear to be of the 
nature of impermanent prototjqies of the fibres 
formed w mvo 

8 Available diffusion and viscosity data lend 
reasonable support to the hypothesis that the tropo 
myosm umt consists of a pair of chams, or a looped 
smgle chum, m the a configuration 

It IS clear that the investigation desenbed m this paper 
could not have been earned out without Dr BL Badey’s close 
co-operation, and we insh gratefully to aoknowledge this 
and the help of many discussions 
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A Comparison of the Decomposition of Hydrogen Peroxide 
by Catalase, Ferrous and Ferric Ions, Haemm 
and Ferrous Phthalocyamne 


By P GEORGE, MoUeno InslxtiUe, University of Cambridge 
(Received 22 January 1948) 


The catalytic decomposition of hydrogen peroxide 
into water and molecular oxygen has been shown to 
he a V ery compheated reaction In the earher work 
up to 1923 it was established that the reaction with 
many different catalysts is quasi unimolecular for 
instance, there are the typical experiments of Bredig 
& Bemeck (1899), Duclaux (1922) and Bertelan 
(1920) on the decomposition catalyzed by colloidal 
metals and ferrous and feme salts From 1920 to 
1932 more detailed kmetic analyses were earned out 
on the bromme bromide ion and lodme iodide ion 


systems, and the first general kmetic mechanism for 
the decomposition was devised by Abel (1920) and 
Bray & Livmgston (1923) This is the prmciple of 
compensating reactions m which both the oxidized 
and reduced forms of the catalyst react with the 
peroxide, givmg a djmamic eqmhbnum between 
these two states and a resultant catalytic decom- 
position of the peroxide For the hea\yr metal 
catalysis the chemical mechanism was repre- 
sented by more or less cumbrous stoicbeiometnc 
equations 
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The catalytic decomposition of the peroxide is 
a problem similar to that of the induced reactions 
studied extensively smce the classical experiments 
of Manchot m 1901 In these reactions there are 
three components, A the actor, B the inductor andC 
the acceptor, aU oxidizmg or reducmg agents In the 
typical mduced reaction A can react directly with B 
but not with C, also B does not react directly mth 
C however, C does react with A if it is present with 
the reactmg system A and B The actor and m 
ductor m many of the s 3 'stems mvestigated have 
been oxygen or hj^drogen peroxide and ferrous won, 
and to explam the reactions lugher oxides of won, 
FeOo, Fe^Og and FeOg, or iron peroxide complexes 
have been suggested (Hale, 1929) ^ 

In 1931 Haber & WiUsthtter suggested that free 
radicals are mtermediates m many chermcal re- 
actions m solution, and m 1934 Haber A Weiss 
pubhshed a kmetic study of the decomposition by 
ferrous and feme ions and proposed a cham 
mechanism for the reaction mvolvmg OH and 0«H 
radicals, which under certam expcrunontal con- 
ditions could become a more simple sequence of 
radical reactions 

The prmciple of compensatmg reactions has been 
widely accepted for the catalysis of the bromme 
bromide lon type, and the Haber & Weiss mechanism 
has proved an extremely useful workmg hypothesis 
for the catalysis by metal ions It has recentlj’ been 
developed very successfully by Baxendale, Evans & 
Park (1946) to account for the imtiation of the 
polymerization of certam olefines bj' ferrous sul- 
phate and hydrogen peroxide m acid solution 

In this and foUowmg papers a detaded kmetic 
analysis of the reaction with various catalysts will 
be described There are tlwee features of the decom- 
position as yet imcorrelated which have dweoted the 
experimental work Tliey derive m turn firom the 
three lines of development of the subject outhned 
above 

(1) In many of the catalytic systems there is 
mitially a rapid evolution of oxygen, followed by a 
much slower evolution This is known as a- and ^ 
activity It suggests that some steady state is 
reached m agreement with the prmciple of com 
pensatmg reactions 

(2) Hurmg tlus transition from a- to ^ -activity 
the eqmvalent of peroxide destroyed may be m 
excess of the eqmvalenta of catalyst present Haber 
& Weiss (1934) found this for the decomposition 
with ferrous won, and it is thew chief evidence for 
the cham character of the reaction Many oxidaee 
reactions show the same behaviour Stem has 
stressed tins pomt m a recent reinew (1942) The 
some behaviour occurs m most of the induced 
reactions The participation of higher oxides of won 
or won-peroxide complexes was put fonvard to 
explam the oxidation of two or three molecules of 
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acceptor u hilst the ferrous won is converted to feme 
iron, and side reactions of the higher oxide or com 
plex with hydrogen peroxide, regenerating ferrous 
iron, can account for greater turnover numbers 

(3) Loavmg aside the question of the kmetic 
mechanism of tho reaction, the accepted idea of 
smgle electron transfers m this tjqiD of oxidation- 
reduction system makes it necessary to assume the 
participation of free radical --mtormediates m the 
se\ eral umt reactions bj v Inch the o\ erall decom 
position of the peroxide occurs 

Experiments on the imtial ov olution of oxygen m 
the reaction between hydrogen peroxide and cata- 
lase, ferrous and feme ions, haomm and ferrous 
phthnlocyanmo are described m this paper, and 
possible explanations for tho transition from a to 
/3-actii ity are cnticallj' exammed 

METHOD 

The rate of O; tvolutioa has been mvestigated for reaction 
mixtures of H-Oj and the foUovnng cataU'sts haemui, 
ferrous phthnloej’anmc, ferrous amraoniuni sulphate, feme 
Bulphatc and liver catalase The liver catalase was a highly 
purified preparation obtained from horse hver by the method 
described by Keihn Hartreo (1943) Tho kinetic measure 
ments wore earned out m two different types of apparatus, 
Batcroft manometers and a special pressure gauge apparatus 
constmeted for following the very rapid evolution of O5 
which occurs m the initial stages of tho reaction with certam 
catalysts Tests were mode to ensure that the rote of 0. 
evolution measured was a true chemical rote and not con 
ditioned by any physical factors such ns diflfusion 



Fig 1 Diffusion test with Barcroft manometers Temp 20°, 
pH 6 85 , oxygen evolved from HjOj + catalase Shaking 
speed m eye /mm 

Diffusion lest with Barcroft manomelers In these expen 
ments the left-hand flask contained 3 30 ml H»0 
nght-hand flask 0-30 mL 0 126 m phosphate buffer, pH 5 85, 
0 10 ml 2 % gelatm solution, 1 10 ml water and 2 70 ml 
H,Oi (about 20 vol ) to brmg the solution to 1 0 M, together 
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■with the danghng tube holding 0 10 mh dilute catolaae 
solution The effect on the reaction rate of keeping the mano- 
meters stationary and of varymg the shaking speed ivas 
dete rmin ed The re^ts are given in !Fig 1 from curved it is 
apparent that physical conditions limit the rate measured 
■vrhenthe manometer is stationary, but that on recommencing 
rapid shakmg the true cheimoal rate is once more established 
The latter part of onrvo A la an accurate o'ctrapolation of the 
former part before shaking ivas stopped and so the chemical 
reaction proceeds at the same rate whether the flask is shaken 
or not Curve J5 gives similar experimental results on varying 
the speed of shaking At shakmg speeds above 80 cyo /mm 
the true chemical rate can bo measured a speed of 160 cyo / 
min was used throughout this ivork 

Diffusion tests with the pressure-gaugs apparatus This 
apparatus is a simple modification of that described by 
Meldmm Boughton (1934) as the ‘boat technique’ In 



Fig 2 Diffusion test -with pressure gauge apparatus Temp 
0°, o and b, test experiments ivith H,0, dliMnOi, 
c, typical experiment 'With Fe''^ + H,0, 

place of the oil manometer for measuring the evolution of gas 
a pressure gauge -was used. This consists of a flat brass 
cyhnder (12 cm diam , 2 cm deep) soldered at the bottom 
to a hea'vy brass plate A thm brass diaphragm is fitted over 
the top and held m place by a screwed flange, irhich enables 
the tension on the diaphragm to bo altered A fine steel pm 
(1 cm high) 18 fixed to the centre of the diaphragm the pm 
IS m contact with one end of a small duralumin lever, pivoted 
about its centre, which carries a galvanometer mirror at the 
other end. By means of a galvanometer lamp and scale 
the slight movements of the diaphragm caused by pressure 
changes in the appamtua are very much magnified The 
apparatus is very sensitive to rapid changes of pressure, the 
lag tune is much less than 0 1 sec The tension on the 
diaphragm was adjusted, and a test -with a subsidiary oil 
manometer m the system showed that over the range 0-120 
scale divisions the deflexion was directly proportional to the 
pressure change (1 scale dinsionsO 336 mm paraffin) The 
scale can be read to half a division A set of six boats was 
calibrated for the apparatus by both the chemical method 
(acidified K3InO^ and HjOj) and the direct method described 
by Miinzer i hcumann (1017) One scale division is approxi 
matclj equal to 9 2 pi of 0, In experiments with this 
apparatus the scale reading was recorded eveiy 5 sec 
Biochem 1048,43 


Diffusion "tests were carried out at 0° "with the same 
solutions employed m the chemical cahbration The two 
sides of the boat were filled 

(i) 16 ml 0 0876NH,0,+0 5ml H,0 
(n) 2 0 ml 0 195 n KMnOimO 6 n 

The evolution of Oj from this mixture (1480 ph) is given 
m Fig 2 Curves a and 6 show the effect of medium and very 
fast shaking The pomts on curve 6 were independent of any 
further morease m the shakmg speed, so this curve actually 
represents the chemical rate of the KMnO^ H,Oj reaction 
The apparatus is clearly capable of measuring true chemical 
rates ofat least 200 pl/sec The veiy fast shakmg speed was 
always employed The results of a typical experiment are 
shown m curve c for the evolution of 0^ from acidified ferrous 
nmmomum sulphate and H,0, The experimental details 
are 

Boat filled (i) 0 6 ml FeSO<CNH4)^0< 6H,0 solution 
(12 g /lOO ml ) and 1 6 mb very ddnte 
(u) 0 37 ml Hj0, + 1 C3 ml water 

Final concentrations 0 2 m H,Oj, acid^O 142 ml K- 
HjSO^ 

RESULTS 

With some catalysts there is a very rapid e-volution 
of Oj at the beginnmg of the reaction which quickly 
subsides leaving the decomposition proceeding at 
a much sloiver rate The e'xpenments that foUow are 
designed to shoiv ivhether this effect is to be attri- 
buted to the chemical destruction of the catalyst, 
or ■whether it is a general kinetio feature of the 
decomposition arising from the interplay of chemical 
reactions 

Tn aU the experiments the total volume of O2 
evolved is very small compared with the HjOj con- 
centration present, B.i\d so it can be assumed for the 
kmetio analysis "that the peroxide concentration 
remamfl constant throughout each experiment Con- 
"trol expenmen"t3 with no catalyst present showed 
the ‘blank’ reaction to be neghgible 



Oxygen evolved with haemtn Smce haemm is very 
rapidly destroyed by HjOj at room temperature, 
these experiments were earned out at 0° inth the 
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pressure gauge apparatus The Oo evolved during the 
first 4 mm at tlvree different HoOj concentrations is 
shown m Fig 3 

The boats were filled 

(i) 0 5 ml haemm solution (0 117 g dissolved m a httle 
NaOH and made up to 60 ml ), 0 6 ml 0 125ii phosphate 
buffer, pH 6 85, + 1 0 ml water 

(ii) 2 ml HjOj +H.0 to give required fiLnal molanty 

Oxygen evolved vnth ferrous phthalocyamne These 
experiments were carried out m Barcroft mano- 
meters at 20° 

The flasks were filled 

Left-hand side, 3 30 ml H.O 

Right-hand side, 0 5 ml 0 125 ji phosphate buffer, pH 
6 85 HiOs+ water to 3 2 mL givmg required molanty 
Danghng tube 0 1 mL mm phthalocyamne feuspension con 
tammg 0 2 mg diy weight/ml 

Fig 4 shows the Oj evolution at three HjOj con- 
centrations dunng the first 6 min 



Fig 4 Ferrous phthalocyamne Oxygon evolution with 
time Temp 20°, pH 6 85, identical ferrous phthalo 
oyamne concentrations HjO. 2 0, 1 0 and 0 1 ar 

Oxygen evolved wUh ferrous iron These expen- 
ments were also earned out m Barcroft manometers 
at 20° No buffer solution was used 0 1 ml of a 
solution of acidified FeSO4(NH4)-S04 6HjO (1 66 g / 
7 ml ) was placed in the danghng tube, the total acid 
concentration present bemg equivalent to 0 665 ml 
K H5SO4 The results for 1 On and 0 06 m HjOj are 
given m Fig 6 

Oxygen evolved with feme iron The decom- 
position of 135,02 in the presence of feme salts falls 
off very rapidly as the acidity of the solution is 
mcreased Feme sulphate in aqueous solution, 
owing to its hydrolysis, haffa very acid reaction, and 
to ohtam a measurable Og evolution in these espen- 
ments it was necessary to add a very email quantity 
of NaOH The amount added was not enough to alter 
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the state of the feme iron the solution still had the- 
pale yellow colour characteristic of the feme iron in 
acid solution The experiments were earned out m 
the pressure gauge apparatus at 0° 1 0 ml of a 

solution of Foj(S 04)3 9HjO (8 7 g /60 ml )-l-NaOH 
equivalent to 0 03 ml K-solution was used m each 
run, together with H-Oj and H,0 to give the required 
molarity Typical results are shown m Fig 6 



Fig 6 Ferrous iron Oxygen evolution with time, showing 
initial activity Temp 20°, acid solution, identical Fe"*^ 
concentrations H.Oj 1 0 and 0 05m 



Fig 6 Feme iron Oxygon evolution with time Temp 0°, 
acid solution, identical Fe' concentrations H,0- 10 
and 0-lM 

Oxygen evolved with liver catalase Barcroft mano 
meters were used at 20° 

Into the nght-hand flask were measured 0 3 ml 0 125 m 
phosphate buffer, pH 6 85, +0 1 ml 2% gelatm solution 
together with H.O- and water for the required molanly 
A very dilute catalase solntioa (0 1 ml ) was put m the 

danghng tube This solution was prepared as follows stock 

solution A contained 34 mg catalase/ml One drop of tins 
solution (0 046 g ) was added to 20 ml water givmg solution 
B Solution R (0 0 ml ) was made up to 60 ml This was kept 
in ice in a thermos QaAk, 0 1 ml bemg used for each run 
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Typical results for the decomposition with 10m 
and 0 2m H,Oj for the first 16 mm are given m 
Fig 7 Fig 8 shows the results of a similar expen 
ment lastmg for 1 hr Here the catalase concen- 
tration was one sixth of its previous strength 



Fig 7 liiver catalase Oxygen evolution with tune Bhowmg 
initial activity Temp 20°, pH 6 86, identical catalase 
concentrations H,0, 1 0 and 0 2ii 



Fig 8 Catalase Oxygen evolution with tune showing a 
diminished activity after 16 mm , attributed to destruction 
of the enzyme Temp 20°, pH 5 86, 0 6m H,0, 

DISCUSSION 

The destruction oj the catalyst 

An exammation of the experimental curves for the 
various iron containing catalysts studied shows that 
kmetically the catalysts are of two types Ferrous 
iron and catalase hrmg about a reaction m which 
there is an initial rapid evolution of 0= which is 
followed by a much slower steady decomposition 
Haemm, ferrous phthalocyeuune and feme iron do 
not gii e this mitial ‘ burst ’ but only the steady rate 
The mitiol eiolution m the catalase reaction is 
extremely mtereatmg it has been obsert'ed by other 
miestigators (Morgulis, Beber Rabkin, 1926), but 
as vet no attempt has been made to explam it 
kmeticalJj and account for it m the mechanism 
proposed for the reaction It might be due to the 
destruction of the enzjune or to some special feature 
in the decomposition of the peroxide Tlie observed 


behaviour with the other catalysts strongly sup- 
ports the second explanation for the following 
reasons 

(1) The reaction with catalase and with ferrous 
iron IS very smular (Figs 5 and 7) With ferrous iron 



Fig 9 Variation of rate with time Values plotted from 
TPigs 3 and 4 A, haemm + 1 On H^Oi, B, ferrous phthalo 
cyanine +2 Ou SjO* 



Fig 10 Vanation of rate with time Values plotted from 
Figs 6 and 7 Bottom curve ferrous iron + 1 On HjOj 
Top curve catalase + 0 2m HjO, 

no destruction of the catalyst can occur, and the 
lonetic effect here is due to the oxidation of ferrous 
to feme iron by the peroxide (Haber & Weiss, 1934, 
Baxendale et al 1946) There is no mitial ‘burst’ 
with feme iron (Fig 6) 

(2) With haemm and ferrous phthalocyanme 
destruction of the catal 3 mt does occur The solutions 
rapidly lose their characteristic colours This is very 
marked at high peroxide concentrations (10m and 
2 0 m) when the rate falls off after the first mmute 
At low concentration (0 1 m HjOj) this is hardlj 
noticeable The initial rapid evolution with catalase 
and ferrous iron is ]ust as marked at low as at high 
concentrations Thus behavioor can be demon 
strated by plotting ‘ rate ’ against ‘ time ’ as m Figs 9 
and 10 the shape of the curve is completely different 
m the two cases With catalase and ferrous iron the 
rate rapidlv falls to an almost constant value 
(Fig 10), whereas with haemm and ferrous phthalo 
cyanine the rate contmually decreases (Fig 9) 

10 2 
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(3) After the initial activity is over the reaction 
with catalase proceeds at this almost steady rate, 
which above a certam peroxide concentration is less 
the higher the peroxide concentration (Pig 7) This 
wiU be described m detail m a later paper If enzjnne 
destruction is responsible for this mitial activity the 
rate should diminish contmuously to zero These 
constant rates at different peroxide concentrations 
cannot bo explamed by the enzjrme destruction 
hypothesis 

(4) ' Enzyme destruction does occur "aath cataloso, 
hut it IS only apparent after a much longer time This 
IS shown m Fig 8 here the curve from 2 mm to 1 hr 
resembles that for haermn from 0 to 6 mm 

Thus, whilst the complete destruction of the 
enzyme cannot be responsible for these kmotic 
effects, there remains the further possibdity that the 
mitial activity results from its partial destruction, 
leavmg a degradation product which is stUl ex- 
tremely catalytically active In a later paper, m 
which a detailed kmetic study of the reaction wiU be 
described, it will be shown that these results cannot 
be_ accounted for m this way, and so the mitial 
aetivity is due to some special feature m the catal 5 rtic 
decomposition of the peroxide 

The following correlation can be made between 
the state of oxidation of the catalyst and its kmetic 
effect The different kmetic behaviour of the various 
catalysts, the mitial rapid evolution of 0- ohsen^od 
with some and its absence with others, depends on 
the state of oxidation of the catalyst mitially and the 
concentration of this state m the equihbrium 
mixture obtamed m peroxide solution In the 
ferrous feme iron system the eqmhbnum mixture 
contains predominantly feme iron, and so if ferrous 
iron IS added to H„02 there is a rapid evolution of Og 
whilst the oxidation of Fe'*"*' to Fe'^'*' proceeds 
With feme iron, hoemm and ferrous phthalocyanme 
the imtial oxidation state of the catalyst corresponds 
to that predommatmg m the equihbnum mixture, 
and so there is no mitial rapid evolution Catalase, 
although containmg feme iron, is m the same kmetic 
class as free ferrous iron In HjOj solution the 
mitial rapid evolution of Oj suggests that some type 
of oxidation-reduction equihbnum is hemg attamed 

The prmciple of compensating reactions, which 
provides a qilahtative explanation for tins, will now 
he discussed and its quantitative aspects exammed 
It wiU be reahzed that this prmciple is the generol 
kmetic mechanism for the simple valency change 
reactions (with the exception of the cham reaction) 
which have been proposed as mechanisms for the 
decomposition 

The, principle of compensating readiona 

The simple picture is that of two reactions , m one 
the oxidized form of the catalyst is reduced by the 
peroxide hberatmg oxygen, m the other the reduced 
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form of the catalyst is oxidized bj tho peroxide 
givmg ivotor Tho not effect of these eomponsatmg 
reactions is the familiar catalytic decomposition 

HjOj + 2 A' -> Oj -f 2HX 

Hjd. + 2EX-y 2H2O + 2X 

2H2O2-V2H2O + O2 

Tins mechomsm has boon reviewed bj Bray (1932) 
it has been widoty used to explam tho catalysis b’v 
halogens and tho correspondmg halide 10 ns These 
correspond to tho oxidized and reduced state of 
the catalj st The mcchamsm ma 3 '' bo illustrated by 
tho decomposition by Br, and Br“ 

If HjOn IS added to a solution contammg Br” at 
high H'*' concentration, Br, is rapidlv formed and 
soon reaches a constant concentration 

H;0„-(-2Br“-J-2H+->Br„-t-2H:0 (a) 

If H„0; IS added to brommo water when either 
or Br” concentrations are lov , Brj is rapidlj reduced 
to Br~ and oxj'gen is evolved 

H.0. + Br„->02 + 2Br”-f-2H'^ (b) 

If the temperature and the final concentrations of 
H'*' and Br" are the same ns m (a) an identical 
bromme concentration is reached which agam re- 
mains constant Under these conditions the rates of 
the two reactions (a) and (b) are equal HjO- is 
decomposed catalytically — tlus is tho steady state 
O 2 IS evolved m reaction (6), but not m (a), so if HjO- 
IB added to bromme water a transition from a to 
P activity will be observed The reaction with 
certam heavy metal catalj'sts is very similar 
kmeticaUy 

However, for the catalysis by ferrous and feme 
ions this simple picture is not sufficient The obvious 
compensating reactions m this case are 

2Fe++ -1- HjOa -> 2Fe+++ + 20Br 
2Fe+++ + EhOj -v 2Fe++ + 2H+ + 0„ 

2 H 2 O 2 2H«0 -f" Oj 

Now m the oxidation of Fe''"’' to Fe'' ' ' bj' this 
mechamsm, whilst there wouldbe arapid destruction 
of HaOj m attauung the equihbnum state, yet there 
would he no rapid evolution of O™ , smee this arises 
m the reaction of feme ion only This shows con- 
clusively that the reaction is more compheated Tlie 
experiments of Haber & Weiss (1934) led them to 
propose the cham mechanism which can account for 
it Thej’' measured AHjOj , the amount of peroxide 
destroyed m the oxidation of Fe’^'*' to Fe''"'^ m 
neutral solution Under certam experimental con- 
ditions they found that the ratio of AHj 02 to the 
mitial eqmvalent concentration of Fe'*”*’ was greater 
than one, and attributed this to the length of a cham 
reaction, imtiated by the production of OH radicals 
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by Fe++ and H.O» and propagated by the reactions 
of the OH and OjH radicals ’ 

Initiation Fe''^ + H;0;->-re'’“*"*' + 0H 4-OH 

Propagation OH +H.O»->H.O + OjH , 

O.H +HiOt->-H.O + Oj + OH 

The oxygen produced in the second chain propa 
gation reaction explains its e\ olution m the oxida- 
tion of Fe"*^ to Fe+''^ which could not be accounted 
for by the simple compensatmg reactions outlined 
above In the gasometric expenmenta described m 
-this paper the corresponding ratio AOJE^, the 
amount of oxygen evolved m reachmg the equih- 
bnum state, to the molar concentration of catalyst 
initially present can be evaluated This is important 
because if the ratio is less than one then the pnnciple 
of compensatmg ructions provides an adequate 
kmetic mechanism if it is greater than one then 
either a chain mechanism or another more complex 
reaction mechanism must be adopted 

In the appendix to this paper the mathematical 
expression for the ratio AOo/Hq is derived from the 
general system of two compensatmg reactions If A 
and B are the two oxidation states of the catalyst, 
it takes part-m two opposmg monomolecular 
reactions which can be represented 

A-<r-B 

The parameters and oontam peroxide and 
possibly H'*' idn concentrations together with the 
reaction velocity constants When oxygen is evolved 
m the first reaction and not m the second it is shown 
that the ratio 

AO._ AOj 

If the compensatmg reactions are more compheated 
and oxygen is evolved m both steps then the ratio 
IS still less than one This ratio can bo calculated for 
the experiments m which ferrous iron and catalase 
were used 

Ferrous iron (1 0 and 0 06ji HjOj), 

AOj= 60 ;il = 2 2 X 10-' mol 

Fe?+=6 1 X 10-5 jjjoi 

FeJ+A 03 = 0 037 


This is a most strikmg result, for the ratio is -of the 
order ton million, rather than less than one It is 
apparent that the system of two compensatmg re- 
actions IS not an adequate kmotic mechanism The 
apphcability of the cham mechanism or another 
more complex mechamsm must bo oxammod 

It con be argued from the experiments of Haber 
& "Weiss (1934), on the decomposition by ferrous 
ions, that tins result moans that with catalase a 
cham reaction occurs with a cham length of ten 
mdhon However, a comparison of the results with 
catalase and with ferrous iron presents a serious 
difficulty It follows from the mathematical treat- 
ment of the compensatmg reactions gi\en m the 
appendix that the tunc for half the mitial rapid 
evolution to occur, < j , is given by 

ln2 

So, from the exporimontal results, the sum of k^ -1- Ao 
can be evaluated Whth 1 Om-H-Oj the values ore 

Catalase <1 = 10 sec , 9*^9 sec 

Ferrous iron t^= 6 sec , (Ai + Aj) = 0 139 sec 

The sum Aj -f A, is of the same order for both ferrous 
iron and catalase Now acoordmg to the Haber & 
Weiss (1934) mechanism, where the catal 3 fst both 
starts and stops reaction chains Aj and A,, the para- 
meters involvmg velocity constants, HjOj and 
possibly H"*" ion concentrations, refer to the cliam 
startmg and cliam stoppmg reactions The measure 
ments of AOJEo suggested that, whilst the ferrous 
ironreaction doesnot mvolve long chains (asequence 
of reactions provides an adequate mechanism), the 
catalase reaction has a cham length of 1 1x10’ with 
10 m HaO- The correspondmg oham length for the 
Fe"’"'" ion reaction, 0 037, can be mterpreted on the 
Haber & Weiss mechanism as a more rapid removal 
of cham centres by reaction with the Fe'*"^ ion m the 
termmation process compared with the alternative 
reaction of the cham centres with HjOj m the pro- 
pagation reaction On tins basis the ratio of the 
velocity constants (A^)pe and (A^)^ for the termina- 
tion reactions m the Fe'*"'*' ion and enzyme systems 
can be estimated If A^ is the velocity constant for 
the propagation reaction, then 


Thus, with the experimental conditions employed, 
there is no evidence for a oham reaction and a set of 
compensating reactions is sufficient 
Catalase 

Fo = 4 lx 10-15 mol 

AO. (10mH 3O2) = 100^1, ^=11x10’ 

■^0 

r ACi 

AO,(0 2mH.O.) = 200,i1, !^=22x10’ 

E^ 


A-p [HgOJ 

(A^)F.[Fe++] 


= 0 037 


and 


Ap [HjOJ 

(A-i)F[-B] 


= 1 1 X 10’ 


Substitutmg the experimental values for H^Oj, Fe'*""*' 
and catalase concentrations, the ratio (j^)pj/(Ai)£ 
IS found to be 2 0 This unphes that the velocity 
constants of the cham mitiation and termmation 
reactions for catalase and ferrous iron are all of the 
same order WTulst the H"*" ion concentration is con- 
siderably different m the two cases it can hardly 
account for this odd conclusion In all comparable 


I 
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reactions of the iron protoporphyrin protein com- 
plexes their \ elocity constants greatly exceed those 
•with free iron Thus the simple cham theory does 
not offer a satisfactory explanation for the action of 
catalase and the possibihty of other explanations 
should be explored One alternative meohamsm was 
suggested by !Manchot durmg the course of his w ork 
on mduced reactions 

Manchot & Lelimann (1928) described experi- 
ments -with ferrous iron and HjOo, the results of 
which are i ery shnilar to those of Haber (L Weiss 
(1934) In the oxidation of Fe’*"'' to Fe'*"*"*' m dilute 
solution he found that, for each equivalent of Fo'^'*' 
oxidized, three eqmvalents of peroxide were decom- 
posed, two eqmvalents of vliich could react -with 
acceptors In more concentrated peroxide solutions 
as many as twentyfour eqmvalents of pero-nde 
were decomposed for the oxidation of each eqm- 
valent of Fe’*"'' He e-xplamed the result m dilute 
solution by the mtermediary formation of Fe.Oj, 
and m the more concentrated poro'ude solutions the 
mcreased peroxide decomposition is satisfactorily 
explamed by a reaction between the mtermediate 
and HjOj , m which the latter reduces the former bock 
to the ferrous state 

In the absence of more kmetic data it is impossible 
to reach any definite conclusion regardmg the 
mechanism of the decomposition Detailed lunetic 
studies of the reaction with catalase and ferrous iron 
■will be described m future papers 

SIBEMARY 

1 The evolution of Oj from H^Oj by haemm, 
ferrous phthalocyanme, ferrous and ferric iron and 
catalase has been measured manometrically and by 
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the ‘ boat teclimque’ of l^Ieldnim <L Houghton (1934), 
usmg a pressure gauge for foUowmg rapid rates 

2 There is an mitial rapid evolution of 0, with 
ferrous iron and catalase but not vith the other 
catalysts In general, this transition from a- to 
P actmtj'’ might bo duo to the destructne fission of 
the catalj'st, or to a special kmetic feature of the 
decomposition with a particular catalyst Smce 
ferrous iron shows this actmtj it is not necessarily 
due to cataljst destruction, for none can occur 
here 

3 Bj’' comparmg the cataljdic effect of catalase 
with haemm and iron phthalocj'anino it has been 
shown that complete destruction of the onzjnne 
cannot account for the imtial nctivitj, and it is 
unlikely that partial destruction is responsible 

4 The prmeiplo of componsatmg reactions, which 
attributes the ap ncti\ ity to the sotting up of an 
equilibrium between two oxidation states of the 
catalyst, can e-xplam the ferrous iron catalj’sis hut 
not the reaction wnth catalase This follow s from the 
values of AOJE^, the ratio of the equnalents of 
o-icj'gen evolved in the imtial rapid reaction to the 
eqm\ alents of catalyst present, which are 0 037 and 
11x10’ respectively for the given experimental 
conditions 

6 For the catalase reaction the farmhar chain 
mechanism leads to the improbable conclusion that 
the reaction velocity constants for cham imtiation 
and termmation are each of the same order of 
magmtude with catalase and ferrous iron 

I am verj grateful to Prof D Keihn, F R S , for his 
stimulating interest and kind encouragement m this work 
and I wish to thank Dr E F Hartree for much advice on 
manomctno methods and the preparation of catalase ^ 


Appendix Compensating Reactions and the Imtial Evolution of Oxygen 


The relation between the number of eqmvalents of 
oxygen evolved m the imtial rapid reaction and the 
eqmvalents of catalyst present can be obtamed m 
the foUowmg way ' 

h 

A ^ B 

h 

(a — x) [b + x) 

A and B represent the two oxidation states of the 
catalyst whose mitial concentrations and concen- 
trations at time t are given by a and b, and (a — a) and 
(6 -t- x) respectively At time t the rates of conversion 
of A mto B and B mto A are given by A-j (a — x) and 
k^(b + x), the parameters and k^ contammg 
peroxide and possibly hydrogen-ion concentration 
terms This is the simplest representation of two 
compensatmg reaction^ , if either mvolves a sequence 
of reactions then k^ and k^ refer to the rate deter- 
mmmg steps m such a sequence 


jMoelwyn Hughes (1940) has shown that m such 
a system of two compensatmg monordolecular 
reactions (monomolecular -woth respect to the 
catalyst m the pero-ade decomposition) v 

k^a-Lp 


Now if 6 = 0, that is the catalyst is present mitially 
m the ‘A ’ state, then the amount of A left at any 
time IS (o — a:) where 


(a — x) = a 


k^ "k A2 


Changmg to a more farmhar nomenclature, if Fp is 
the mitial concentration of the catalyst (m state A) 
and jE7 is its concentration at tune t, 


E = Eo 


Aj "k Ap 
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Now if the reaction is the one m which oxygen 
IS evolved, the rate at any time Bt is given by 

and i?o and N, , the initial and equihbnmn rates whea 
t = 0 and t=zco respectively, are 

E„=^iNo. (2) 
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Ji, = LiB=- 


( 1 ) 


B, = E, 


I'l^ 


(3) 


Lj + A.J 

The relation between the amount of oxygen e\ olved 
m reachmg the equihbnum and the mol of catalj'st 
present is obtamed by mtegratmg equation (1) 






dt A-i + A-j A-j + In 


dO.=^^^^ + - 


EoJi 


A/j 4* A/2 

Integrating this expression 


fii 


02 = 




(4) 


(6) 


4" Ig {I"! P 

where I is the integration constant This can be 
evaluated, for when ( = 0, 02 = 0 , therefore 

T— 

(Old'll)* 

Substitutmg this value m equation (6) 

EJA 


'-'i— ■; — ~r“ + ': 




(6) 


The amount of O; evolved in reachmg the 
equihbnum AO 2 is given mathematically by the 
exponential term in equation (6) when t=:co, and 



This IS the mathematical expression, accordmg to 
these simple compensating reactions, for the amount 
of oxygen evolved at any tune It shows that the 
experimental curve can be considered m two parts, 
a straight hne through the ongm (first term equation 
(6)) and a curve which rises rapidly to a constant 
value for O 2 (second term, exponential, equation (6)) 
This^is illustrated m Fig 11, which is based on 
Exp c m Fig 2 Curve A is the experimental curve, 
B the Imear part and C the exponential part 
A = B + G 


Fig 11 Analysis of oxpcnmcntal curve (Fig 2 c) Ex- 
pcnmental curve, A Linear portion, C Exponential 
portion, jS A=B + f7 

experimentally by the extrapolation of curve A or O 
back to the ordmate, 1 e 

- (h + k^)’ 

Hence the relation between the oxygen evolved and 
the number of mol of catalyst present is 
^2 / I 

Eo' 

If the compensatmg reactions are slightly more 
complicated, and oxj'gen is evolved m both steps, 
it can be shoivn that 


!=(_A_y 

\ki+k.j 


(7) 


B,= ; 


En 


ki 4* I 2 
Bq = LjBq , 




R.= 

AO 2 

Eo '' 


h + K 

kx {kx 4" ko) 


{kx + kx)^ 

Thus it IS an essential feature of the mechanism 
based on compensatmg reactions that the ratio 
^OJEg should be less than one 
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The present work was carried out as part of a pro 
gramme of research on the mactiv ation of L adrena- 
hne (I) in the body There are two views of the mode 
of mactivation of adrenaline briefly, the flrst is that 
the mactivation mvolves monoamme oxidase which 
oxidatively deammates adrenahne, and the second 
is that the mactivation takes place through con- 
jugation of the hydroxyl groups of adrenahne to 
produce an mactive ethereal sulphate (cf Richter, 
1940, Richter & Macintosh, 1941-2) 

Our plan was to mvestigate the fate m the body 
of compounds contammg the various structural 
elements of the adrenahne molecule Our studies 
have mcluded, for example, mvestigations on the 
metabohsm of catechol (H) (Garton & Willi ams , 
1948), p-hydroxybenzylamme (IV), ji-hydroxy- 
benzyhnethylamme (V), protocatechuic acid (IH) 
and D-adrenahne (1) (Dodgson, Garton & Wilhams, 
1947) 


OH OH 



both in VIVO and in intro It is oxidized in vitro by 
amin e oxidase preparations from hver and mtestmal 
tissue at about one tenth the rate at which tjTamme 
is oxidized (Blaschko, Richter & Schlossman, 1937), 
and m the dog it is converted almost quantitatively 
mto hippuno acid (Mosso, 1890), the mechamsm of 
transformation (cf Green, 1941) bemg probably as 
follows 

CeHsCBLNHo -^CeHjCHJra: -1-C0H5CHO 

CeHjCOOH ->CbHbCONHCHjCOOH. 

Tn yi-hydroxybenzylamme (TV) two changes can 
take place in vivo, namely, conjugation of the OH 
group and oxidative de amin ation of the — GHjNH. 

\ 


group, and it was our aim to find out how one process 
influenced the other Wo sliall showm this paper that 
conjugation of the OH group is related to the rate of 
deummation and oxidation of the — CH,NHj group 

METHODS ' 

Animals Chinchilla rabbits, 2-3 kg wt , on a diet of 60 g 
Lever’s cubes and water adhb were used throughout 

Analytical methods Ethereal sulphate was dotemuned by 
the Folm gravimetnc method (cf WiUiams, 1938), glucuromc 
acid by the method of Hanson, JIiUs L Wilhams (1944), and 
free and combined p hydroiybcnzoio acid by the method of 
Qmok (1932) which is based on the brommation method of 
Day i. Tabard (1928) 

MATERIALS 

A p Hydroxybenzoic acid, m p 213° (all meltmg points 
are uncorrected), was prepared by hydrolysis of ethyl p 
hydroxybenzoate B p Hydrosybenzaldehyde, m p 116°, 


OH OH OH 



NH. NHCHj 


(IV) (V) (VI) 

was a purified commercial sample C p Hydroxybenzyl 
amme was fed ns the monohydrate, m p 98°, arid prepared 
aocordmg to Tiffeneau (1911) 

D Preparation of p hydroxybenzylacetamide (N acetyl p 
hydroxybenzylamine) This compound appears to be new 
p Hydroxybenzylamme (6 g ) was dissolved m a solution of 
10 g K.CO3 m 26 ml water' 10 mL acetic anhydride jvere 
added slowly with shaking, the temperature bemg mam 
tamed below 6° An od separated which sobdified on 
standmg The sohd was broken up, washed with cold water, 
dned and recry^talhzed from benzene p Acetoxybenzyl- 
acelamide, m p 62°, forms needles easily soluble m ethanol 
but msoluble m water (yield, 6 g ) (Found 0, 03 8 , H, 0 46 , 
N, 0 7 CiiHijOjN requires C, 03 76, H, 0 3, N, 6 8% ) 

p Aoetoxybenzylncetamide (6 g ) was suspended mh solution 
of 6 g KOH^m 60 ml water, and the mixture was refluxed 
gently untd the sohd dissolved Heatmg was contmued untd 
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no oil globules separated on cooling The solution ivas now 
cooled and acidified with HCl On standing at 0° long white 
needles of ■^hyiroicybcnzylacttamtde separated It was re 
crystallized from hot water (yield 3 6 g ) and had m p 125“ 

It was shghtly soluble m cold water but readily soluble m hot, 
and it gaTC a deep violet colour with FoClj (Found C, 
06 66, H, 0 8, N, 8 6 OjHuO^ requires C, 65 4, H, 6 7, 
K, S 6% ) 

E Preparation of p hydroxyhenzylmdlylamine The 
method of Tiffeneau (1911) for proparmg this ammo by 
heating arusyl chloride with methylamme m a scaled tube 
was found unsatisfactory owmg to the formation of the 
tertiary di(j) hydroxybenzyl)methylnmine We therefore 
devised a new synthesis 

A solution of 9 g anisylacetamide (m p 97“ , Tiffeneau, 
1911) m 100 ml diy benzene was roflnxed for 3 hr with 4 g 
finely divided sodamide The solution, now contammg the 
sodio derivative of amsylacetamide, was cooled and treated 
with 8 mb methyl iodide The mixture was gently refluxed 
for 10 mm , then the Eal which separated was filtered off 
and the benzene removed distillation ta vacuo The 
residual anxeylrndhylucelamide was a pale yellow oil (10 g ) 
This od was refluxed with 100 ml. x a-butanohe KOH for 
2 hr to remove the acetyl group The resulting solution was 
cooled, made strongly acid with cone HCl and then extracted 
with 3 X 25 mL portions of water Tho aqueous extract, 
which contamed auisylmethylamme hydrochlonde, was 
made alkahne with solid KOH and extracted with ether 
After drymg the ethereal solution with sohd KOH and 
filtenng, the amsylmethylanune was precipitated os the 
hydrochlonde by passmg a stream of dry HCl through the 
solution The yield of hydrochlonde was 6 g , it was crystal 
lized &om ethanol-ether and had m p 166° (Tiffeneau (1911) 
gives nup 166“) Anisylmethylamme was converted mlo 
p hydroxybenzylmethylamine hydrochlonde (m p 185“) 
aooordmg to 'Meneau (1911) 


RESULTS 

A ExpenmerUs with p hydroxybemotc acid 

(1) Ethereal sulphate and glucuronic acid outputs 
The figures m Table 1 indicate that about one quarter 
of the p hydroxybenzoic acid, fed at a dose level 
of 0 36 g /kg , IS excreted conjugated through its 
hydroxyl group, and that the ratio glucuronic 
acid/ethereal sulphate is about 2 Our figures are 
a httle higher them those obtamed m a more detailed 
study by Bray, Ryman & Thorpe (1947) for doses of 
0 26 g /kg , but our results lead to essentially the 
same conclusion, viz that the extent of conjugation 
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of p hydroxybenzoic acid through its hydroxjd 
group is m tho region of 20—30 % of the dose 

(2) Isolation of p hydroxyhippuric acid Accordmg 
to Bray et al (1947) about 20-30% of the dose 
ofp hydroxybenzoic acid is conjugated with glycme 
"We did not repeat this estimation, but isolated the 
conjugated product 

A total of 6 g of p hydroxybenzoic acid was fed to 3 
rabbits and a 24 hr urme (360 ml ) coUeoted The basic lead 
acetato precipitate of the urme was prepared m the usual 
manner This was suspended in water and the Pb remov ed 
with H_S Tho filtrate from PbS was contmuously extracted 
with ether for 2 hr to extract p hydroxybenzoic and p 
hydroxyhippuno acids On ovaporatmg the ether a white 
orystalhne residue remamed This residue was extraeted with 
small portions of other to remove p hydroxybenzoic acid 
and there remamed 300 mg (3 6 % of tho dose) ofp hydroxy 
hippunc acid, which after reorystallization from water had 
m p 238“ (Bray et al (1947) and Fischer (1908) give m p 
240“) 

(3) Theglucurontdeinp hydroxybenzoic acid urine 
Qmck (1932) has reported the isolation, from_the 
urme of dogs recenung p h 5 ’’droxybenzoic acid 
orally, ofp glucuronosidobenzoylglucuromde, a sub- 
stance which m virtue of its ester glucuromde link 
reduces alkahne copper reagents \Ve have been 
unable to isolate such a glucuromde from rabbit 
urme and our evidence indicates that, if such a 
glucuromde is formed, then it must be present m 
very small amounts (cf Bray et al 1947) 

We found thatp hydroxybenzoic acid mines from rabbits 
were non reduemg, and conclude that the mam glnouronide 
excreted is probably the non rednomg p earhoxyphenyl 
gluonromde We were, however, unable to isolate this sub 
stance or a derivative of it m a crystaUme state It was 
obtamed from tho basic lead acetate precipitate of p 
hydroxybenzoic aoid urme as a non reduemg yellowish gum 
Attempts to form a tnacetyl methyl ester did not result m 
crystaUme matenal The glucuromde gum (0 6 g ) was 
hydrolyzed by hoihng with 16 ml of 3-4 n HCl for 0 6 hr 
Ether exdraotion of the hydrolysate yielded onlyp hydroxy 
benzoio acid, m p and mixed m p 213° (yield of pure 
matenal 0 1 g ) 


B Experiments with p hydroxybemaldehyde - 

(1) Ethereal sulphate and glucuronic acid outputs 
Table 2 shows that about 40 % of the aldehyde is 
excreted conjugated through its hydroxyl group and 


Table 1 The ethereal sulphate and glucuronic acid conjugations of p hydroxybenzoic acid in the rabbit 


Ethereal sulphate 
as SO, 

A 


Babbit 

Wt 


Dose 

A 

Mean 

normal 

value 

Increase 

after 

dosmg 

no 

(tg) 

(“g) 

(“g/kg) 

(mg /day) 

(mg) 

08 

29 

1002 

346 

19 9 

43 8 

82 

29 

999 

344 

261 

47 8 

84 

285 

1009 

263 

16 6 

66 2 


Gluouromo acid 


Dose excreted as 


Mean 

Increase 



^ 

Total 

normal 

after 

Sul 

Gluon 

con 

value 

dosmg 

phate 

romde 

jngation 

(mg /day) 

(mg) 

(%) 

(%) 

(%) 

186 6 

239 8 

77 

17 0 

24 7 

196 3 

1414 

88 

101 

18 9 

148 6 

377 1 

121 

26 6 

38 7 
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the glucuronic acid/ethereal sulphate ratio is about 
3 6 Hie extent of total conjugation is greater than 
with p-hydroxybenzoic acid, the glucuronic acid 
conjugation of the aldehyde being twice that of the 
acid, although the sulphate conjugations are the 
same (cf Williams, 1938) Smce p hydroxybenz 
aldehyde is largely transformed ^n mvo mto p 
hydroxybenzoic acid (Qmck, 1932, Dakm, 1910), it 
is highly probable, m view of the higher glucuromc 
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reddish orange microcrystallme sohd, m p 160° (yield 
125 mg ) The compound gave positive tests for glncnromc 
acid, and after acid hydrolysis it gave a red colour for p 
hydroxybenzaldehyde m the Sammons Wilhams (1941 6) 
colour reaction These tests and elementary analysis 
mdicated it to be p ghicuro7wsidobenz<flde}iyde 2 i-dimiro 
phenylhydrazone (Found C, 44 4, H, 4 2, H, 110 
2H.0 requires C, 44 4, H, 4 3, Jf, 10 0% ) A 
sample of this compound had been prepared by one of us in 
another miestigation and it had m p 105° and mixed m p 


Table 2 The ethereal sulphate and glucuromc acid conjugations of p hydroxyhenzaldehyde in the rabbit 

Ethereal sulphate 

as SOj Glucuromc acid 

c * \ ! '' ^ Dose excreted as 




Mean 

Increase 

Mean 

Increase 

t 



Total 



Dose normal 

after 

normal 

after 

Sul 

Glucu 

con 

Rabbit 

Wt 

, * — ^ value 

dosing 

value 

dosmg 

phate 

ronide 

jngation 

no 

(kg) 

(mg) (mg /kg) (mg /day) 

(mg) 

(mg /day) 

(mg ) 

(%) 

(%) 

(%) 

68 

2 75 

753 274 14 9 

62 7 

177 5 

391 7 

10 7 

32 7 

43 4 

82 

2 8 

752 269 20 2 

45 3 

173 8 

396 5 

92 

33 1 

423 

84 

2 76 

751 273 23 9 

36 8 

107 6 

388 1 

7 7 

32 6 

40 2 


Table 3 The ethereal sulphate and glucuromc acid conjugations of p hydroxybenzylamine in the rabbit 

Ethereal sulphate 

as SO3 Glucuronic acid 






, ^ 

\ 

r 

^ 

Dose excreted as 

Rabbit 

no 

Wt 

(kg) 

(mg) 

Dose 

(mg /kg ) 

Jlean 
normal 
output 
(mg /day) 

Increase 

after 

dosmg 

(mg) 

Mean 
normal 
output 
(mg /day) 

Increase 

after 

dosmg 

(mg) 

r — 

Ethereal 

sulphate 

(%) 

Glucn 

ronide 

(%) 

91 

25 

624 

250 

381 

65 6 

— 



16 7 


92 

26 

644 

258 

23 6 

80 8 

— 



22 1 



93 

30 

798 

270 

37 3 

83 9 

— 



18 6 

. 

99 

27 

663 

250 

— 

— 

225 0 

406 6 

— 

446 

101 

27 

680 

252 

— 

— 

221 9 

321 8 


34 4 

104 

26 

622 

250 

— 

— 

184 0 

323 6 

— 

38 4 


Average 18 8 39 4 

Average total conjugation 68 2 


acid excretion provoked by the aldehyde, that some 
p-hydroxyhenzaldehyde is conjugated with glucu- 
romc acid before its aldehyde group becomes 
oxidized In an earlier paper on vaniUm (Sammons 
& W illiams , 1941 a) it was shown that the aldehyde 
glucuromde could be detected m urme m small 
amounts durmg the early hours after dosmg 

(2) Isolation of p glvciironosidobenzaldehyde 2 ^dimlro 
phenylhydrazone p Hydroxyhenzaldehyde (8 g ) was fed to 
4 rabbits, and the urme was collected for the foUowmg 5 hr 
The urme gave a red colour with naphthoresorcmol and HCl 
m the cold, thus mdioatmg that either p hydroxybenzalde 
hyde or an 0 conjugated aldehyde was hemg excreted (colour 
reaction of Sammons A Wilhams, 1941 6) The urme (300 ml ) 
was filtered first through cotton wool and then through 
filter paper, and to it was added 16 ml of cone HCI followed 
by a solution of 1 g 2 4 dmitrophenylhydrazme m 16 ml 
cone HCl and 100 ml ethanol The mixture was kept at 0° 
overmght, durmg which tune an orange red precipitate 
separated More ethanol was added and the precipitate was 
filtered and washed with dilute HCl, water and finally 
ethanol (yield 0 3 g ) The sohd was extracted with hot 
ethanol, and on coohng the extracts there was deposited a 


with the above sample 166° (Found C, 44 6, H, 4 4, H, 
113%) 

The yield of the hydrazone corresponded to about 2-3 % 
(6 % m one case) of the aldehyde fed None of the conjugated 
aldehyde could be detected m the urmes collected later than 
6 hr after feedmg 

C Experiments with p hydroxybenzylamine 

(1) The ethereal sulphate and glucuronic acid, con- 
jugations The results are given m Table 3 which 
shows that about 68 % of the p-hydroxybenzyl- 
amme is excreted as 0 conjugates and that the ratio 
glucuromc acid/ethereal sulphate is roughly 2 The 
glucuronic acid conjugation (39%) is shghtly higher 
than that for p hydroxyhenzaldehyde (33 %), but 
the ethereal sulphate conjugation (19%) is double 
that of both p hydroxybenzoic acid and aldehyde 
(9%) These results could be mterpreted as meaiung 
that the amme is partly sulphated before deamma- 
tion, but conjugated with glucuromc acid after con- 
version to the aldehyde but before conversion to the 
acid 
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(2) Isdlafton of p hydroxyhenzota and p hydroxyhippuric 
acids Three rabbits "svere each given 2 g p hydroxybenzyl 
amine vnth a ater by stomach tube The 24 hr nrme (390 ml ) 
aas acidified -mth 40 ml of cone HCl, filtered through glass 
wool and then extracted with ether contmuoualy for 3 hr 
The extract was evaporated to a sjrup which crystallized 
on adding 10-16 ml of water The crystals were filtered off, 
and after two recrystalhzations from water yielded white 
plates ofp hydroxybenzoio acid, m p 212° and mixed m p 
213° The yield after recrystalhzation was 1 g or 17% of 
the dose of amme This matenal represents the free acid 
excreted 

The comhmed p hydroxybenzoic acid was obtamed by 
contmuous ether extraction for 3 hr of the residual unne, 
which had been brought to pH 1 and boiled under reflux for 
1 hr The yield of comhmed acid (m p and mixed m p 213°) 
was 1 1 g or about 18 % of the dose of amme 

For the isolation ofp hydroxyhippuric acid, a 24 hr urme, 
after the feeding of 6 g of p hydroxybenzylamme, was 
acidified and extracted with ether as described above The 
ether extract was evaporated and the residue extracted with 
small portions of ether Most of the residue dissolved, 
leaving a small residuum ofp hydroxyhippuncaoid(100mg , 
or 1 % of the dose of amme) On recrystaUization from hot 
water the acid formed plates, m p and mixed m p 238° 
These isolation experiments account for nearly 40 % of the 
amme fed 


an equal volume of cone HCl (Sammons 4, WiUiams, 1941 6) 
The colour mcreases in mtensity m the course of 1 hr and 
thereafter it fades to a duty brown colour This colour 
reaction suggests that a conjugate of p hydroxybenzalde 
hyde is bemg excreted An attempt was made, after feeding 
8 g of the amme, to isolate the aldehyde as a 2 4 dmitro 
phenylhydrazone accordmg to the method already described 
under the section B (2) on p hydroxybenzaldehydc A small 
amount (16 mg ) of a hydrazone was obtained, but we were 
unable to identify it as p glucuronosidobenzaldehyde 2 4 
dmitrophenyUiydrazone The matenal melted mdefimtely, 
but gave a deep purple colour m ddute NaOH simdar to that 
given by the authentic aldehyde denvative It also gave the 
ToUens reaction for glucuromc acid 

In another experiment a 24 hr urme, after feedmg 6 g of 
the amme, was collected and the basic lead acetate pre 
oipitate was prepared m the usual manner The Pb was 
removed with H»S and the excess HjS m the filtrate removed 
by aeration The filtrate gave a pale red cololir m the 
Sammons A Wdhams test, but after gentle hydrolysis with 
HCl a strong red colour was obtamed mdicatmg the presence 
ofp hydroxybenzaldehyde Attempts to prepare an identifi 
able 2 4-dmitrophenylhydrazone on half of the filtrate 
failed The other half was hydrolyzed by boilmg for 1 hr 
with an equal volume of eono HCl The dark solution was 
eooled, decolorized with charcoal and filtered This solutibn 
gave an mtense red eolonr m the Sammons L Wilhams 


Table 4 Free and conjugated acid {calculated as p hydroxybenzoic acid) 
excreted by rabbits receiving p hydroxybenzylamme 

Acid excreted (calculated as p hydroxybenzoio acid) 


Dose 


Blank 
value 
on urme 


Free acid 


Day 1 


Day 2 


Blank 
value 
on urine 


Total acid 


Daj 1 


Day 2 



of 

before 

^ A- 


, ^ 

V Total 

after 

i 

(%of 

, ^ 

, Total 

Babbit Wt amme hydrolysis 



(% of (% of hydrolysis 



(%of (%of 

no 

(kg ) (mg ) 

(mg) 

(mg) 

dose) 

(mg) 

dose) dose) 

(mg) 

(mg) 

dose) 

(mg) 

dose) dose) 

91 

2 6 624 

136 6 

163 

26 7 

116 

18 8 45 6 

118 6 

466 3 

* 74 7 

114 8 

18 8 93 6 

92 

25 644 

133 1 

260 3 

41 3 

63 3 

8 6 49 8 

122 6 

494 7 

78 5 

110 8 

17 6 96 1 

93 

3 0 798 

174 1 

139 6 

17 9 

101 

12 6 30 6 

143 6 

498 

63 7 

119 6 

16 3 79 0 


Total 
acid 
-frne 
acid 
=oon 
jugated 
acid 
(%) 
48 
46 3 
48 6 


(3) Quantitative determination of free and combined 
p hydroxybenzoic acid The results are given m 
Table 4 wluoh show that about 90 % of the dose of 
p hydroxybenzylaimne is excreted as p hydroxy- 
benzoic acid The figures for free p -hydroxybenzoio 
acid mclude also any p hydroxyhippuno acid, and 
give, therefore, a measure of the amount of p 
hydroxybenzylamme excreted as acidic compounds 
carrymg a fi:ee phenohe hydroxyl group, i e about 
40% The amount of p hydroxybenzylamme ex 
creted as 0 conjugates is by this method about 
47 5 % , which is somewhat lower than that found 
by summation of the glucuronic acid and ethereal 
sulphate conjugations, 68 1 3^ , given m Table 3 The 
values obtamed by these two methods are, however, 
of the same order 

(4) Detection of p hydroxybenzaldehyde derivatives The 
urme collected up to 0 hr from rabbits after their receipt of 
doses of p h\ droxvbenzvlamme gives a famt red colour 
when treated with a httle naphthoresoremol m ethanol and 


reaction, an mtense ToUens reaction and reduced Benedict’s 
reagent It was extracted with ether to remove any p 
hydroxybenzaldehyde present The ether extract was taken 
to dryness and the residue taken up m 10 ml ethanol Tins 
ethanobc solution gave a very mtense red eolonr m the 
Sammons &, Williams test, and was treated with 2 4-dimtro 
phenylhydrazme m ethanol contammg HjSO, A smaU red 
precipitate, m p 270° (after recrystalhzation frxim ethanol 
benzene), separated We were unable, however, to identify 
it defimtely as p hydroxybenzaldehyde 2 4 dmitrophenyl 
hydrazone (m p 280°) for the quantity obtamed was too 
smaU for micro analysis 

We conclude from,.the3e experiments that it is 
very probable that a small amount of conjugated p 
hydroxybenzaldehyde is excreted after p-hydroxy 
benzylamme has been fed to rabbits, but we have 
b^ unable finally to prove this by actual isolation 
of the aldehyde 

(6) Detection of nuclear oxidation of p hydroxy- 

bemzylarnine m VIVO Bray ei aZ (1947) have shown 
that p hydroxybenzoic acid is oxidized to a small 
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extent to protocatechuic acid They were unable to 
isolate this acid after feeding p-hydroxybenzoic 
acid, but did so when p bydroxybenzamide was fed 
It IS therefore possible that, smcep bydroxj'benzyl- 
amine is mamly converted to p-bydroxybenzoic 
acid, the latter may also be sbghtly oxidized to 
protocatechmc acid 

p Hydroxybenzylamine (12 g ) was fed to 6 rabbits and 
a 24 hr unne (600 mb) coUeoted The nrme was acidified 
with HCl and extracted continuously with ether for 3 hr 
Removal of the ether left a crystalhne mass, which on re 
crystalhzation from water yielded p hydroxybenzoio acid, 
m p 214° The mother hquors gave no green colour, under 
the appropriate conditions, with FeClj, mdicatmg the 
absence of any free protocatechmc acid The urme was now 
made strongly acid with cone HCl and boded for 1 hr It 
was then cooled and extracted continuously for 3 hr with 
ether Removal of the ether and recrystalhzation of the 
residue fiom water yielded p hydroxybenzoio acid The 
mother hquor now gave an mtense green colour with Fedj, 
which turned blue, violet and finally red on addmg NaHCOj 
We were unable to isolate ciystallme protocatechmc acid 
fiom this mother hquor, but there is httle doubt that it was 
present 

We therefore conclude that p bydroxybenzyl- 
amme is converted to a very small extent to a 
catechol derivative which is probably conjugated 
protocatechmc acid. 

(6) Observations on the glucuromde of p hydroxybenzyl- 
amine unne The glucnromde of p hydroxybenzylamme 
urme was obtamed via the basic lead acetate precipitate as 
a gnm Attempts to form orystaUme derivatives such as 
salts or the tnacetyl methyl ester were not successful (see 
section A(3)) The gum was a non reduomg acidic substance, 
and on acid hydrolysis yielded p hydroxybenzoio acid, 
mp 213° 

We conclude that the glucuromde excreted after 
feedingp-hydroxybenzylamme is largely p carboxy- 
pbenylglucuromde 

D Experiments with p hydroxyhenzylacetamxde 

" (1) Ethereal sulphate and glucuronic aeid excretion 
Table 5 shows that about 70-80% of p bydroxy- 
benzylacetamide is excreted as O conjugates, the glu- 
curomc acid/etbereal sulphate ratio bemg about 6 
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(2) The isolation of unchanged p hydroxybenzylacelamide 
A rabbit was fed 2 g of p hydroxybenzylaoetamido and a 
24 hr urme collected The urme was made acid to Congo red 
and contmuously extracted with ether for 3 hr The ether 
was removed and the residue recrystallized (charcoal) fiom 
hot water The crystals (26 mg ) obtamed were identified as 
p hydroxybemylacctamide, m p and mixed m p 125° No 
trace ofp hydroxybenzoic acid was found, and there was no 
evidence of deacetylation 

(3) The glucuromde of p hydroxybenzylacelamide Each of 
3 rabbits was fed 1 g of the amide and a 6 hr urme (110 ml ) 
collected Very httle glucuromde was excreted after the 
first C hr The basic lead acetate precipitate was prepared m 
the usual manner and the Pb remoi ed by HjS The filtrate 
fiom PbS was treated with charcoal, filtered and concen 
trated to 26 ml Addition of ethanol to this solution pre 
cipitated the glucuromde as an amorphous sohd which 
became gummy on standmg It u as therefore redissolved by 
addition of more water, and the whole was evaporated under 
reduced pressure to a hard dry amorphous powder (1 6 g ) 
It coaid not be induced to erj staUize 

The powder was shaken for 10 min with an ethereal 
solution of diazomethane (fiom 1 5g of mtrosomethylurea) 
It formed a gum on the sides of the flask and the mixture was 
kept at room temperature overnight Durmg this time the 
colour of the diazomethane had disappeared, and a further 
quantity of ethereal diazomethane together with 6 ml of 
ethanol were added The mixture was kept for 48 hr , then 
decanted fiom any sohd matenal and taken to dryness at 
40° The residue did not crystallize It was therefore dis 
solved m 6 ml pyndme and 6 ml acetic anhydnde and kept 
overnight at room temperature The mixture was then 
poured mto 60 ml of water and the solution neutralized with 
sohd Na,COs On standmg for 5-6 days, the solution de 
posited rosettes of fine needles These were collected and 
recrystallized fiom acetone water (yield 100 mg ) The 
product, p acelamidomethylphenyl triaceiylglucuronide methyl 
ester, formed rosettes of needles, m p 174°, and showed 
[a] j -29 06° (c = l 8 m acetone) (Found C,64 95,H,69, 
N, 3 2 CjjH-,OiiN requires C, 64 9, H, 6 66, N, 2 9% ) 

E Experiments with p hydroxybenzylmethylamine 

(1) Ethereal sulphate and glucuronic acid con 
jugations Table 6 shows that about 60 % of the 
amme fed is excreted as 0 conjugates, the ratio 
glucuronide/ethereal sulphate bemg about 8 It is 
to be noted that the sulphate conjugation is re 
latively low (7%) and is only a third of that of 
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Table 6 The ethereal sulphate and glucuronic acid conjugation of p hydroocybenzylacetaniide in the rabbit 


Ethereal sulphate 






as SO, 

Glucuromc acid 








. ^ 

% 

^ 

^ , 

Dose excreted as 






Mean 

Increase 

Mean 

Increase 

'Sul 


Total 




Dose 

normal 

after 

normal 

after 

Glucu 

con 

Rabbit 

Wt 


, 

value 

dosmg 

value 

dosmg 

phate 

romde 

jugation 

no 

(kg) 

(mg) 

(mg /kg ) 

(mg /day) 

(mg) 

(mg /day) 

(mg) 

(%) 

(%) 

(%) 

99 

2 7 

610 

230 

32 2 

46 6 

202 

481 

16 7 

67 0 

82 7 

101 

27 

630 

233 

26 8 

21 7 

184 

657 

7 1 

88 7 

96 8 

104 

2*5 

604 

201 

36 3 

31 7 

220 

361 

13 1 

61 0 

74 1 

110 

3 0 

796 

263 

16 3 

67 8 

153 

476 

16 7 

63 2 

68 9 

111 

32 

747 

234 

16 3 

61 8 

96 

465 

14 3 

62 0 

66 3 

112 

29 

746 

261 

16 6 

422 

134 

272 

11 7 

39 1 

60 8 ' 
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p hydroxybenzylamme (19%) Tlais result is sunilar 
to that found for D adrenaline (Dodgson et al 1947) 
On the other hand, the glucuronic acid conjuga 
tion of this amine (64%) is higher than that of 
p hydroxybenzylamtne (39%), "and is approaching 
that of p hydroxybenzylacetamide (60%) 


The mam metabohtes are free p hydroxybenzoio 
acid, its ethereal sulphate and ether glucuromde 
Small but isolablo amounts of p hydroxyhippunc 
acid and traces of conjugated p hydro'^ybenzalde- 
hyde and conjugated protocatechmc acid are also 
excreted ' 


Table 6 The ethereal sulphate and glucuronic acid conjugations of 
p hydroxybenzylmethylamine hydrochloride in the rabbit 

Ethereal sulphate 

as SO. Gluouronio acid 


/ 

Mean 

Dose normal 


Eabhit 

no 

Wt 

(l^g) 

(Mg) 

, 

(mg /kg) 

valne 
(mg /doy) 

109 

26 

601 

246 

28 3 

116 

26 

603 

232 

27 0 

116 

26 

604 

232 

19 8 

110 

30 

1474 

499 

17 6 

111 

28 

1474 

626 

13 3 

112 

32 

1600 

476 

14 2 


(2) laolahon of p hydroxybenzoio acid after feeding p 
hydroxybenzylmethylamine Each of 3 rabbits received 1 6 g 
of the amine hydroohlonde and a 24 hr unne (1100 ml ) was 
collected Erom 400 ml of the aoidifled urme 0 1 g of 
p hydroxyhenzoio aoid, m p 214®, was isolated hy ether 
extraction The extracted urme was strongly acidified with 
oonb HCl and refinxed for 1 hr Ether extraction of the 
hydrolyzed urme yielded 0 1 g p hydroxybenzoio acid, 
m p 214° 

Thus 46% of the amme fed was eiccounted for by 
isolation as p hydroxybenzoio acid, half of the acid 
occurring m the urme as an 0 conjugate emd the 
other half free This experiment mdicates that 
p hydroxybehzyhnethylamme is excreted largely as 
free and conjugated p hydroxybenzoio acid 

DISCUSSION 

The ethereal sulphate and glucuromc eicid con- 
jugations of the five compounds studied are sum 
manzed m Table 7 (p 302) 

The fate of p hydroxybenzylamme m the rabbit 
can be expressed as follows 



A 


T>npft AxrrrAfpfl oq 

Increase 

Mean 

Increase 


^ \ 

after 

normal 

after 

Sul 

Glnou 

dosing 

value 

dosing 

phato 

romde 

(mg) 

(mg /day) 

(mg) 

(%) 

(%) 

19 7 

130 

360 

7 1 

62 4 

22 2 

134 

342 

80 

49 6 

18 9 

127 

323 

68 

46 7 

36 6 

137 

979 

62 

69 4 

648 

127 

1100 

79 

,64 1 

319 

62 4 

860 

47 

60 6 


The metabohsm of p hydroxybenzylamme m 
volves two separate mechanisms (a) deammation 
followed by oxidation of the — CHtNHi group, and 
(b) conjugation of the phenoho hydroxyl group It is 
mterestmg, therefore, to consider how the one 
mechanism affects the other The deammation pro- 
cess can be blocked by acetylatmg the amin o group 
as m p hydroxybenzylacetamide, and from the 
figures (see Table 7) for the conjugation of this amide 
it IS clear that when deammation does not take place 
there is a high 0 conjugation (73 %) particularly 
with glucuromc acid (60%) 

p Hydroxybenzyhnethylamme is mtermediate 
between p-hydroxybenzylamme emd p hydroxy- 
benzylacetarmde m the extent of its conjugation, 
and this suggests that it is more slowly deammated 
than the primary amme Its rate of deammation is 
such as to allow a considerable amount of O con- 
jugation to take place This result mdicates that 
secondary ammes of the type B CHtNHCHj are 
more slowly deammated in vivo than the corre- 
spondmg primary ammes, B CH,NHs This con- 
clusion receives support from the earher findin gs of 


OH 



CH.NH, 




Traces excreted 39%aBglnciiromde, Traces excreted 
as an O conju 19% as sulphate, conjugated 

gate 40%asthej&wacid 

andp hydroxy hip- 
puno acid 
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Ewms & Laidlaw (1910) and of AUes & Heegaard 
(1943) Ewms & Laidlaw showed that tyramme (p- 
hydroxyphenylethylamme) was readily converted 
to p hydroxyphenylacetic acid m the perfused dog 
hver, whereas p hydroxyphenylethyl methylamme 
formed the acid at a much slower rate Hordenme 
(p-hydroxyrphenylethyldimethylamme) only formed 
traces o^p hydroxyphenylacetic acid after prolonged 
perfusion Alles & Heegaard studied in vitro the rate 
of deammation by amme oxidase of derivatives of 
some sympathomimetic ammes, and found the N- 
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aldehyde m the ivaU of the gut, before bemg con- 
jugated with glucuromc acid m the hver Further- 
more, this conjugation is virtually complete before 
the aldehyde is oxidized to p hydroxj^benzoic acid, 
for the glucuromc acid conjugation of this acid 
(18%) IS much lower than that of the aldehyde The 
sulphate conjugation of the amme (19%), on the 
other hand, is much higher than that of the aldehyde 
(9%), and this may mdicate that some sulphate 
conjugation of the amme occurs m the wall of the 
gut before it is deammated to the aldehyde 


Table 7 The O conjugation of,p hydroxybenzijlamtne and related compounds in the rabbit 


Compound 





% of compound excreted ns 

A 

S 

Ethereal 

sulphnte Gluouromde 

Total 

0 conjugation 
(% of dose) 

Extent of conversion to 
p hvdroxybenzoic acid 

13 

00 

73 

Nil 

7 

64 

01 

Probably complete 

19 

39 

68 

Complete 

9 

33 

42 

Complete 

9 

18 

27 
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monomethyl derivatives to be more slowly de- 
ammated than the parent ammes Our results 
suggest that some idea of the rate of the in mvo 
deammation of phenohe ammes may be obtamed 
from a determmation of their glucuromc acid con 
jugations , the possible apphcation of this suggestion 
to adrenahne is obvious 

Table 7 shows that the glucuromc acid conjuga- 
tions of the compounds studied form a regular series, 
but this IS not true for the sulphate conjugation 
However, sulphate conjugation is compheated by 
the fact that it occurs m the mtestme as well as m 
the hver (Marenzi, 1931 , Amoldt & De Meio, 1941), 
whereas the glucuromc acid conjugation occurs dnly 
m the hver It is not possible, therefore, to com- 
ment at this stage on the sulphate conjugation of 
these compounds 

Tlie similarity between the extent of the glucuromc 
acid conjugation of p hj’-droxy^benzylamme (39%) 
and ofp hydroxybenzaldehyde (33%) suggests that 
after bemg fed the amme is largely converted to the 


SUlNDVIARy 

, 1 The metabolic fates m the rabbit of p -hydroxy - 

benzylamme, p hydroxybenzyhnethylamme, p- 
hydroxybenzylacetamide, p hydroxybenzaldehyde 
and p hydroxybenzoio acid have been compared 

2 The mam metabohe products of p hydroxy- 
benzylamme are freep hydroxybenzoic acid (c 40%) 
and the" gluouromde (39%) and ethereal sul- 
phate (19%) of p hydroxybenzoic acid Small 
amounts of conjugated p hydroxybenzaldehyde, p- 
hydroxyhippunc acid and conjugated protocate 
dime acid are also excreted 

3 p Hydroxybenzyhnethylamme is also con 
verted into p hydroxybenzoic acid derivatives, but 
m this case the glucuromde formed is 64 % of the 
dose whereas the sulphate is 7 % 

4 p Hydroxybenzylacetamide is not deacetyl 
ated in vivo and does not produce derivatives of p 
hydroxybenzoic acid m the urme It is mamly trans 

formed (60%) mto p acetamidomethylphenylglu 
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curomde -wkioli has been isolated and characterized 
as its tnacetyl methyl ester p Hydroxyhenzyl- 
acetamide and its O acetyl derivative have been 
prepared and described for the iirst tune 

6 p Hydrosybenzaldehyde is largely converted 
mto the glucnromde (33%) and sulphate (9%) of 
p hydroxybenzoic acid A small amount (2—3%) is, 
however, excreted as p glucuronosidobenzaldehyde 
which has been isolated as a 2 4 dmitrophenyl- 
hydrazone 

6 p Hydroxybenzoic acid is the least conjugated 
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of all the compounds studied here and forms only 
18 % glucnromde and 9 % ethereal sulphate 

7 The results mdicate that with phenohc atnmes 
of the type studied here the extent of glucuromo 
acid conjugation is mversely proportional to the rate 
of deammation, the conjugation bemg highest where 
no deammation takes place The significance of this 
conclusion is discussed 

The expenses of this work were m port defrayed by a grant 
fiem the Medical Research Council. 
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Further Observations on the Proteolytic Enzymes m Rat Skin 

By D NEVILLE4rONES and R A PETERS, Depariinent of Biochemistry, Umveratty of Oxford 

{Received 13 November 1047) 


The object of this commumcation is to extend know 
ledge of the skm protemase or ‘ dermoprotemase ’ 
previously described by Beloff & Peters (1946) and 
of its distmction from other proteolytic enzymes 
present m rat skm (see especially Fruton, 1946) 

It was shown that the dermoprotemase will digest 
casern, serum globuhn, serum alhumm and myogen, 
and that it does not fall withm the known groups of 
digestive protemases by xirtue of its failure to digest 
N benzoyl l arguune amide and carbobenzyloxy-i,- 
t\Tosj Iglvcme armde, the typical S5mthetic sub 
strates for trypsm and chymotrypsm, Beloff & 
Peters (1946) also showed that tlus protemase 
nctmtj could be separated from other peptidases 
present bv differential extraction of the skm 

The experimental results to be presented here will 
be considered under the separate headings (1) of the 
effect of methods of extraction upon the enzymes 
present, (2) of the character of the mdividual 
enzvmes 


METHODS 
Preparation of skin 

(а) Acetone.dned rat skin was made as described pre 
vionsly (Beloff A Peters, 1945), 0 3 g of dried skm bCmg 
equivalent to 1 0 g of fresh skm. Extracts were prepared 
so that 6 ml of extract were eqmvalent to 0 3 g of dried 
skm, either 6 % (wfv) aqueous RCl or 6-6 % (w/v) aqueous 
KNO, (see below) were used for the extraction of the 
protemase 

(б) Fresh skm extracts were made by the teclmiqne of 
Fruton (1946) About 30 g of skm (from two rats), carefully 
cleaned, were cut mto small pieces and stirred with 100 ml 
2% (w/v) NaCl solution m the Warmg Blender for 8-10 mm 
A further 100 mb of 2% KaCl were then added, and the 
whole stirred slowly for 3 hr at room temperature The 
pulpy mass of skm was stramed off through mnslm, and the 
extract filtered through a AVhatman no 41 filter paper 
Certam comparisons between the extracts obtamed by the 
two methods are given below 
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Estimation of activity 

The principle -n-as foUoived throughout of rmxmg equal 
volumes of extract and substrate 

(а) The peptidase activity was estimated by the titration 
techmque of Lmderstrom Lang (1927) m 90 % (v/v) acetone 
That is to say, acetone was added to the aqueous solution to 
be titrated until the hqmd m the titration flask contamed 
90 % acetone, and the titration was then carried out with 
ethanohc HCl (a standard solution of HCl m acetone bemg 
impracticable owmg to the volatihty of acetone) The 
synthetic peptide substrates were made up m the required 
concentration m distflled water, or m veronal buffer of the 
required pH, accordmg to the extract bemg used A 2 hr 
digestion penod was normally allowed, duplicate 1 ml 
samples bemg taken at the beginnmg and end of this tune 
The samples were run mto a calculated quantity of 0 1 k- 
ethanohc HCl, and the titration was completed with 
0 01 K ethanohc HCL A difference of 0 03 ml or less 
(rarely 0 04 ml ) between titration of duphcates ana 
observed 

The synthetic peptides used were supphed commercially 
by HoffimamirLa Roche and Co Except m two erpeAmenta 
(Table 5) the racemic, dl peptides were used, a control 
experiment mdicated that the presence of the n peptide 
exerted no inhibitory effect (see also Beloff A Peters, 1946, 
addendum) 

(б) The proteinase activity was estimated by the Van 
Slyke method An attempt was made to use the Lmderstrom- 
Lang titration for this, but it was found unsmtable for the 
following reasons Casern, the substrate used, cannot be 
satisfactorily titrated, smce it is precipitated on addition 
of acetone, the precipitation becommg heavier as the 
titration proceeds, and being apparently complete at the 
end pomt, thus rendering the colour change very difficult to 
observe This was assumed to be due to the fact that the pH 
at the end pomt (c 4) is approximately the same as at the 
isoelectno pomt of casern (4 7) |S Lactoglobuhn and serum 
albumm were satisfactorily titrated, but it was discovered 
that /Concentration of salts also affects the accuracy of the 
titration Phosphate m particular is precipitated very 
readdy on addition of acetone, givmg a rather cloudy effect, 
and causmg a contmuous shift of the end pomt With 01 m 
phosphate buffer, titration was not complete for many 
hours This effect vanes markedly with the salts present, and 
a solution contammg 1% chlonde was readily titratable, 
test-tube expenments mdicatmg that up to 6% chlonde 
would probably be satisfactory Solutions cbntammg 6% 
KNOj were also satisfactorily titrated The ooihbmation of 
the effects of protem precipitation and of salts made the 
titration too uncertam to be useful m this instance 

The presence of 2 6 % KOI m the digestion mixture was 
found to have an unfavourable effect on the Van Slyke 
method, a grey scum for ming in the chamber, and the 
mercury losmg its characteristic physical properties, be- 
commg dull and sticky This phenomenon was known 
previously but became m these expenments too troublesoine 
to manage It was found to be due to a reaction which took 
place between chlonde, mtnte, and mercury m the presence 
of acid (simplest conditions, HCl, mtnte and mercury) 
Bromide had a stdl more marked effect than chlonde The 
occurrence of the reaction was confirmed usmg the same 
amounts of the reagents (A R ) as were present dunng our 
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estimation, with a specimen of chemically purified, vacuum 
distdled mercury This led to an attempt to use other salts 
for the extraction of the skin a comparatively mactive 
extract was obtamed with sodium acetate and KjSO^, 
whereas 6% (w/v) KNOj extracted about two thirds as mu(i 
activity as 5% KCl Two expenments are given m Table 1 
comparmg the extractmg octivity for dermoprotemase of 
6 % KCl and 0 % EINO3 In the later experiments 0 % KKOj 
was used 

Table 1 Comparison of 5 % KC!1 and 6 % KNO3 as 
extracting agents for dermoprotemase from shin 

(Dned skm (0 3 g ) extracted for 30 mm at room tem- 
perature with 6 ml extraction medium and extract mixed 
with an equal volume of substrate solution (0 6 % casern) 
Digested at 38° for 2 hr Protemase activity estimated by 
Van Slyke method ) 




Ammo K (mg /lOO ml ) 

Exp 


i 

-A 

no . 

Agent 

Zmtia! 

Incroaso 

1 

KCl 

0 813 

0 379 


KKO, 

0 813 

0 314 

0 

Ka 

0 801 

0 355 


KNO, 

0 888 

0 281 


Light white soluble casern (Bntish Drug Houses Ltd ) was 
used, 1% solutions were made up directly m the Warmg 
Blender with the addition of a httle NaOH, the pH bemg 
adjusted to the required pomt with 0 1 n HCl 

The usual penod of digestion of casern solutions and 
enzyme was 1 hr , unchanged protem bemg precipitated at 
the end of that time with 2 mk 25 % (w/v) tnohloroacetio 
aoid The precipitates were washed with 2 6 % tnchloro 
acetic acid and the filtrates were made up to 26 mk, 6 ml 
samples bemg estimated 

Control tubes, to which tnchloroacetic acid was added 
immediately after mixing the casern solution and extract, 
were treated m exactly the same way 
\ 

RESULTS 

(1) Effects of methods of extraction upon 
the enzymes present 

(a) Dned slnn extracts Extracts of acetone dried 
rat skm were previously shown to contam, m 
addition to the elan protemase, some peptidase 
activity for leucylglycylglycme The peptidase acti- 
vities were extracted by a lower salt concentration 
This was confirmed Even 0 06M-phosphate ex- 
tracted as much or shghtly more peptidase than was 
present m a subsequent extraction of the same skm 
with addition of 6 % mtrate , m contrast to this the 
higher salt concentration brought out much more 
protemase (see Table 2) These extracts also con- 
tamed some ammoexopeptidase activity, sphttmg 
leucylglycme with activation by manganese, though 
both peptidase activities were weak compared with 
those of Fruton-type extracts of fi^esh skm (see 
Table 3) 
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Table 2 Influence of salt concentration upon the 
extraction of proteases from dried shin 

(Skin extracted os described m Table 1 and extract 
mixed ivitb equal volume of substrate solution Digested 
at 38° for 2 hr Peptidase activity estimated by Lmder- 
strom Lang titration, proteinase activity by Van Slyke 
metbod.) 


Peptidase activity (substrate, nn-leucylglycylglycme) 




Substrate 

split 

(mg /mb) 

Extraction medium 


1st extraction, 0-05 m Ringer phosphate 

2nd extraction, 0 05 m phosphate + 6 % BIN 0, 

017* 

0 11 

Protemase activity (substrate, 0 6 % casern) 


Ammo N (mg /lO mb) 

Extraction medium 

Imtial 

> 

Increase 

Ist extraction, 0 05 m 

Ringer phosphate 

1 071 

0 102 

2nd extraction, 0 05 ii 

1861 

0 207 


phosphate + 6% KNO, 


* The concentrations of substrate were not the same in 
these two experiments, and this figure has been corrected 
from the curve given (see Fig 1) to be directly comparable 
with the other 


It was thought possible that an additional acti- 
vator, as weU as the manganese, was present m the 
fresh skm extracts, hut was partly destroyed by the 
acetone treatment, this was tested m two experi- 
ments In the first, a normal extract of dried skm 
was made with 2 % NaCl and portions of this extract 
were used for a digestion of dl leucylglycme To 
other portions were added small quantities of another 
very concentrated extract, which had previously 
been boded to destroy the enzyme activity, and 
these were then used for sumlar digestions The 
results were, withm limi ts of experi men tal error, 
purely additive, and it was concluded that no heat 
stable activator was present 

In the second experiment, samples of dl leucyl- 
glycme were digested (1) with a mixture of the two 
extracts (dried skm extract and Fruton type ex- 
tract), (2) with the same volume of dried skm extract 
M used m the mixture, and (3) by the same volume of 
fresh skm extract as used m the mixture Results 
are given m Table 4 

The effect, withm the limi ts of experimental error, 
was agam purely additive, and it was concluded that 
no additional activator was present, the difference 
between the two extracts bemg presumably due to^ 
the effect of the acetone treatment on the peptidase 
activity 


Table 3 Oompanson of peptidase activity in different extracts of rat akin 

(Extracts of dried skm made as described m Table 1 Fruton type extracts made as described under Methods, 1 (5) 
Digestion for 2 hr at 38° Estimations by Liaderatrom Lang titration ) 




Substrate 


Substrate spht (mg /ml ) 

Extraction 


concentration 

pH of 



^ 

medium 

Substrate 

(mg /ml) 

digest 

o'oOlMJInSOj 

No activator 


Acetone dried skin extracts 



2%Naa 

Di/-Lenoylglycme 

94 

79 

0 61 

0 26 


DL- Leucylglycme 

94 

7 9 

0-33 

0 22 


nn-Lenoylglycme 

94 

79 

0 88 

0 29 


DU- Leucylglycylglycme 

246 

79 

0 27 

0 19 



Fruton type extracts 




2% NaCl 

DU-Loucylglycme 

94 

79 

2 73 

0 56 


Du-Leucylglycylglycmo 

246 

79 

3 13 

162 


Table 4 Test for presence of additional 
activator in skin 

(Three tubes containing equal amounts of nn-lencyl 
glycme digested for 2 hr each, (a) with a mixtnre of an 
acetone-dned skm extract and a fresh (Fruton type) 
extract, (6) with the dried skm extract alone, and (c) with 
the frash skm extract alone The quantity of each extract 
separately was the same as that present m the mixture of 
the two, volumes bemg made up with distiUed water ) 


Substrate Leucylglycme 
concentration spLt 

Extract (mg /ml ) (mg /mb) 

Mixed 9 4 0 87 

rresh skm alone 9 4 0 56 

Dncd skm alone 9 4 0 35 


Biochem 1948, 43 


It is of mterest m this connexion to note that 
Maschmann (1942), working on glycerol extracts of 
kidney, fiver and other tissues, found that desiccation 
with acetone caused substantial losses m peptidase 
activity The enzymie activity most affected was the 
cleavage of alanylglycylglycme and glycylglycyl- 
glycme, wlule that of leucylglycylglycme and leucyl- 
glycme weis only sbghtly altered 

(b) Fresh skin extracts Some of Fruton’s results 
were confirmed The crude extracts contamed 
the ammoexopeptidase and dermopeptidase (see 
Table 3) The former was found to be present m 
larger proportion, the latter in lower proportion than 
found by Fruton m rabbit skm Tlie two results are 
compared m Table 6 


20 
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Table 5 Companion of amounts of peptidase present in rat and rabbit skin 


(The octmty of Fniton type e-rtrncts of rat slan compared Tvith Fruton’s results on rabbit skm ) 


Skin 

Substrate 

Concen 
tration of 
li-snbstmtc 
(mg /ml ) 

pH 

Time 

(hr) 

Percentage hydroh sis 

A 

No 0 001 M 

activator JInS0< 

Rat 

DL-Leucylglycylglycinc 

12 25 

79 

2 

12 4 

250 


Di.-Leucylglycylglycme 

12 25 

79 

2 

17 0 

301 

Rabbit (Fruton) 

L- Leucylglycylglycme 

12 25 

79 

2 

24 0 

"38 0 

Rat 

L-Leuc 3 ']glycme 

94 

79 

2 

19 5 

78 5 


i,-Leuc 3 lglycmo 

94 

79 

2 

84 

541 

Rabbit (Fruton) 

L Leucylglycme 

94 

79 

5 

30 

41 0 


The proportionately greater effect of manganese 
m the case of the leucylglycylglycme sphttmg 
activity of rat skin, as opposed to rabbit skm, is 
presumably due to the greater proportion of the 
leueme ammopeptidase present 

It was confirmed that dialysis had the effect, 
reported by Fruton, of removmg the leueme ammo- 
peptidase activity, leavmg the leucylgl 3 ’-cylglycme 
sphttmg activity which is not activated by man- 
ganese, though, m the present work, a longer period 
of dialysis was necessary The dermopeptidase 
activity against leucylglycylglycme was also re- 
duced, apparently to an extent greater than pro- 
portional to the dilution occurrmg durmg dialysis 
A voTume of 26 ml of the crude extract was dialyzed 
for 3 days (Fruton’s time) at about 1° against 
1600 ml of distdled water 29 ml of extract were 


collected from this dialysis, and it was then found 
that the leucylglycylglycme sphttmg activity had 
been reduced by half, "the leucylglj’cme sphttmg 
actmty by only one third The remammg extract 
was dialyzed against 4 1 distiDed water for a further 
12 hr , durmg which time no further change m 
volume occurred It was then found that the leucyl- 
glycylglycme sphttmg activity had remamod con 
stant, while the leucylglycme sphttmg activity had 
fallen markedly, though it was still not entirely 
removed The results are given m Table 0 

The fresh skm extract was found to contam 
the dermoprotemase, though the amoimt was 
low compared with that m the dried skm ex- 
tracts Hence tins enzyme is agam proved to be 
distmct from the other two Results are given m 
Table 7 


Table 6 Effeet of dialysis upon the peptidases of rat shin 

(Fruton type extract dialyzed twice, once for 3 days, then agam for 12 hr (see text) Activities against leucylglycme 
and leucylglycylglycme are given after each dialysis for comparison with ongmal values ) 




Substrate 



Substrate spht (mg /ml 

Dialyzed 

Substrate 

concen 
tration 
(mg /mL) 

pH 

Tune 

(hr) 

A 

No 

activator 

OOOlJl' 

MnSOi 

Not dialyzed 

DL-Leucylglycme 

94 

7 9 

2 

0 60 

2 73 

Once 

DL-Leucylglycme 

94 

7 9 

2 

0 38 

— 

Twice 

DL-Leucylglycme 

94 

7 9 

2 

Oil 

0 30 

Not dialyzed 

Di/-Lencylglycylglycme 

24 5 

79 

2 

1 52 

3 13 

Once 

DL-Leucylglycyl^ycme 

245 

7 9 

2 

0 74 

— 

Twice 

DD-Leucylglycylglycme 

245 

79 

2 

0 76 

0 76 


Table 7 Dermoprotemase activity of Fruton type extracts of fresh rat shin 
compared vnth that of dried skin extracts 


(Extracts {5 ml ) made as previously desenbed, mixed m each case with 6 ml of a 1 % casern solution, and digestion 
allowed to proceed at 38° for 1 hr Ammo N detemuned by Van Slyke method.) 



Skm 

preparation 


Amino N (mg /lO ml ) 

A 


Extract 

/ 

Before digestion 

After digestion 

Increase 

Dried skm 

Fresh skm 

1 

0 844 

0 927 

0 329* 

0 083 

Fresh skm 

2 

0 970 

1 I 8 I 

0 211 

Fresh skm 

3 

0 403 

0 603 

0 139 

0 154 

0 254t 

Fresh skm 

4 

0-523 

— 

Extract of residual skm 

4 

0 202 

— 

* Average of ten determinations 

f One determmation 

' 
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Tn addition, the skm. remaining after the Fruton- 
type extract had been made "was re -extracted rvith 
6 % KNO, m the proportion 1 g fresh skm ( = 0 3 g 
dried skm) to 6 ml 6 %ENOj and the peptidase and 
protemase activities compared vnth the original 
extrawt Tables 7 and 8 'show that there was httle 
peptidase, but good protemase activity m the final 
KNOj extract 


Tn one experiment using Dii leucylglyome as sub- 
etrate (9 4 mg /ml ) at pH 7 9 and a digestion period 
of 2 hr , an extract of rat skm gave a sphttmg of 
1 12 mg /ml without addition, which was moreased 
to 1 5 mg /ml by addition of 0 Olii-MgSOi and to 
2 17 mg /ml by 0 002m: CoClj Berger & Johnson 
(1939) stated that the leucylpeptidase activities of 
then preparations were unaffected and shghtly 


Table 8 Gompanaon of peptidase activities of FnUon type extract of rat sLin, 
and of extract made of residual shin with 6% KINO3 


(Extracts made as described in Table 1 ) 




Concen 



Percentage hydrolysis 



tration of 



/ 

t 



l,-8nbstrate 


Time 

No 

OOOlM 

Extract 

Substrate 

(mg /ml ) 

pH 

V (br) 

activator 

MnSO, 

Fruton type 

nn-LieacylglycylglyciDe 

12 25 

79 

2 

17 0 

301 

Fruton type 

ii-Leucylglycme 

94 

7 9 

2 

8 4 

54 1 

Residual skm 

DL Lencylglycylglycme 

12 25 

7 9 

2 

3 4 

3 6 

Residual skm 

nu-Leucylglycme 

94 

79 

2 

25 

31 


(2) Some further details about the enzymes 

Substrates Precise data about the optimal con- 
centration of substrates could not be found m the 
hterature the results of varying the amount of 
leuoylglycylglycme are given m Fig 1 , these show 
that the concentration used by Fruton (1946) is 
approximately maxima l 


inhibited by cobalt, where'as IMaschmann (1940) 
found that the leucylpeptidase activities of sera were 
activated by cobalt though less so than by man- 
ganese, a result consistent with our experiment 

Table 9 Effect of manganese concentration on 
leucylglyome activity 



Fig 1 Effect of substrate concentration pH 7 9, 38° 
Acetone dried skm extracted mtb 2% NaCL Extract 
mixed mth equal volume of nirleucylglycylglycme solu 
tion and incubated for 2 hr Estimations by titration 

Metals The results of similar experiments on the 
1 nrmtion of actmty with vervmg concentration of 
mnnganeso are shown m Table 9, and mdicate on 
optimal concentrotion of 0 002MMn, it is to bo 
noted that Fruton used 0 001m and Berger <fc 
Johnson (1939) found that the leucylpeptidase 
actmti of their extracts of hog mtestmal mucosa 
increased stcadilv as the concentration of 3In 
increased from 10"* to 10"-M 


(9 4 mg DL-lenoylglycme/inL, 2 hr incnbation, pH 7 9) 



NnSO, 

Lencylelycme 

Bput 

1 xp no 

(Ji) 

(mg /ml ) 

1 

Nil 

0 37 


0 0002 

0 80 


0 0006 . 

1 19 


0 001 

1 33 


0 002 

145 


0 005 

1 35 

2 

Nil 

1 18 


0 001 

4 02 


0 002 

417 


(Expenments 1 and 2 were made with different skm 
extracts ) 

DISCUSSION 

Comparison of these results upon rat skm with those 
of Fruton (1946) upon rabbit skm show that the 
akms differ m the proportions present of the two 
peptidase activities mvestigated 

Smee the Fruton type extracts contam the skm 
protemase, though m weak concentration, it can 
be concluded from Fruton’s negative results with 
carbobenzyloxy n-glutamyl L tyrosme and carbo- 
benzvloxyglycyl n phenylalamne, that the skm pro- 
temase differs from pepsm and carboxypeptidase, 
and therefore from any of the hitherto recognized 
groups of proteolytic enzjTues Smee, also, it has 


20 2 
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recently been shown (Peters & Wakelm, 1948 , Grob, 
1946) that trypsin and chymotrypsin are inactivated 
by thiol compounds, whereas the skm protemase is 
not, the conclusion stands firm at present that it is 
a protemase of different type 

STOaiARY 

1 The protemase present m acetone dried ex- 
tracts and m Fruton type extracts of fresh skm 
from the rat have been compared and further 
characterized m the hght of Fruton’s results 

2 The acetone dried extracts have high pro- 
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temase activity and low dermo- and ammo peptidase 
activity with only slight activation effects of man 
ganese, whereas the fresh skm extracts have a high 
peptidase and low protemase activity 

3 The skm protemase differs from previously 
recognized enzymes 

4 Manganese activates the leucme ammopepti 
dase optimally at 0 002 m, cobalt and magnesium 
also activate 

Wo are indebted to Prof K Lmderstnnn Lang for his 
hospitabty and kindness m showing his technique, also to 
the Nuffield CJommittee and to the Osier Trustees (Oxford) 
for grants in aid of this work 
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Separation and Estimation of Saturated Ga-Gg Fatty Acids 
by Buffered Partition Columns 

By VIVIEN MOYLE, E BALDWIN aot) R SCARISBRICK, Biochemical Laboratory and 
Agricultural Research Council Unit of Animal Physiology, University of Cambridge 

(Received 20 January 1948) 


The lack of adequate small scale methods for the 
analysis of mixtures of fatty acids has long been felt 
Followmg up an observation of Lester Smith (1942), 
Elsden (1946a) has recently mtroduced an impor- 
tant new techmque, based on partition chromato- 
graphy, for the separation and estimation of the 
lower members of the saturated senes of fatty acids 
A wet sihca gel was impregnated with bromocresol 
green, a small sample of the nuxture of acids, dis- 
solved m chloroform, was mtroduced at the top of 
the column and, after its penetration mto the gel 
had taken place, a smtable mixture of butanol and 
chloroform was allowed to percolate through the 
column By usmg the colour change of the mdicator 
as a pomter to the positions occupied by the acids, 
Elsden was able to estimate propiomc and butyric 
acids Under certam conditions valeric acid also 
could be estimated, but the precise behaviour of the 
gel IS conditional upon its properties Acetic acid 
could not be estimated except by difference The 
method has been used by Elsden (19466) and by 

* A prehmmary account of this work was commum- 
cated by one of us (R S ) to the Biochemical Society on 
31 October 1947 (Scarisbnck, Baldwm A Moyle, 1948) 


Elsden, Hitchcock, Marshall & PhrUipson (1946) with 
excellent results m the analj^is of rumen contents, 
but it has certam disadvantages Different batches 
of sihca prepared m the same manner often differ 
considerably 'm their properties, and of several 
batches only one may be smtable for use The range 
of the method is very hmited acetic acid can only 
be estimated by difference and the method cannot 
ordmanly be apphed to acids higher than butyric , 
such higher acids fad to undergo separation and can 
only be determmed collectively FmaUy, no separa 
tion 18 possible between the isomers of any given 
acid 

We have now devised a procedure which obviates 
most of the disadvantages of Elsden’s method and 
are able to identify, separate and estimate most of 
the naturally occurrmg, steam-volatile members of 
the saturated fatty acid senes with a high order of 
accuracy and recovery The use of mdicators on the 
column IS dispensed with, acetic acid can be deter- 
mmed directly, small differences m the properties 
of the sdica are of no consequence, and almost com- 
plete resolution of certam isomeric valeric acids has 
been achieved 
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In order to extend the range of the method it ■was 
necessary to find conditions "which would mcrease 
the relative soluhihty of the higher acids m the 
stationary, aqueous phase We tried the use of 
alkalme columns ■with the idea of altermg the 
effective partition coefficient m favour of the 
aqueous phase, and even m our earhest experiments 
we were able to achieve "virtually complete separa- 
tions of caproic and valeric acids (Fig 1) It was 



Fig 1 Separation of caproic and valeric acida Column 
6 g Bihca, 0 6 ml. htmus, 2 6 ml 2 6m KjHPOj, 0 34 mL 
10 N KOH. Solvent chloroform Ordinates titres of 
SUCCC831VO 6 ml samples of chloroform elntnatea, o m 
dividual (scale on left), x aggregate (scale on right) 

hoped that bj means of even more alkahne columns 
still higher acids r\ ould pro\ e lo be separable but, 
unfortunatolj , ns the length of the fatty cham is 
increased, the solubility of the soaps decreases 
rnpidh and sets an eventual upper hmit to the range 
of the method , lauric (Cj.) and lugher acids cause 
blockage of the columns It is necessarj^, therefore, 
to effect a proliminnrj separation of the lov er acids 
from Inline acid and higher members of the senes, 
tins can bo done sntisfactonlj bi steam distillation 
bi the method of Fnedoinann(l 938) wherebv formic 
acid, if present, is destroi ed The free, steam ^ olatile 
ncids are then recoiered m solution m a smtable 
inixturo of clilorofonn and butanol bt a procedure 
similar to that of Flsden (194Ca, b) 


Throughout our experiments we have used 
columns hea"vily buffered "with phosphate Neither 
this nor the employment of alkahne gels is entirely 
novel (see Synge, 1946, for further references) but, 
so far as we are aware, columns of the type used 
here have not been pre"viously used for the same 
purpose, although Sato, Bary & Craig (1947) have 
used buffers m a method based on ‘ counter current 
distribution’ which allows the separation of fatty 
acids as far as valeric Goodall & Le-vi (1946) have 
also used buffered chromatograms m a micromethod 
for the separation of the various types of pemedhns 
on filter paper 

EXPERIMENTAL 

Reagents 

Solvents Chloroform, prenonsly ivashed with water and 
dned over CaCl,, and n-butanol are redistilled m an afi- 
glasB apparatus Normally we use mixtures containing 1, 
10 and 30 % (v/'v) of »-hntanoI m chloroform (referred to m 
the text as ‘ 1 % butanol ’, etc ), all of which are equihbrated 
by sbating with 2m TC^HP O^ It is advisable to filter the 
eqiuhhrated solvents through dry paper before use 

Silica Sflica may be prepared according to the directions 
given by Gordon, Martm & Synge (1943) or Isherwood 
(1946) Several different preparations were used m the 
course of these experiments but, as we shall show, there is 
little if anything to choose between different samples 
Buffers Stock 2 m solutions of KH,P04, K,HP04 and 
K,P04 are required and should be made up from the purest 
Speeunens available We found that a commercial sample of 
K,P04 gave very poor recovenes compared with a specimen 
made by adding the theoretical amount of A.R KOH to 
A R KHjP 04 From these stocks the following standard 
buffers are prepared I, 2 vol KjHPOi + l vol KH2PO4, 
U, 2 5 vol K,HP04 + 3 6 vol K,P04, m, K,P04 alone, 
W, KII,P04 alone These are referred to as ‘buffers I, II’> 
etc 

General procedure 

Columns Five g sdica are intimately mixed "With 3 ml 
of the appropriate buffer by gnndmg m a B in all mortar The 
mass IS suspended m about 40 mL 1 % butanol and poured 
through a funnel mto a tube of the usual design (a draiving 
of the apparatus actually employed is reproduced m Fig 2), 
and the tube refilled "with 1% butanol by means of a 
separating funnel with a bent outlet (Fig 2 A) The solvent 
IB then allowed to percolate through the column for 
20-30 m i n to permit proper packing of the gel and the 
formation of a firm surface 

Iniroduclion of acids The acids to be analyzed are mtro 
duced m the form of a solution, usually m 1 % butanoL 
Samples as large as 50 mb may be taken if necessary, but 
for most purposes 1-5 mL is convement When small 
samples arc to be mtroduced the dewco illustrated m 
Fig 2 R IS useful the delivery tube is placed m position 
■with its tip a few millimetres above the surface of the gel 
As soon as the last of the solvent has dramed mto the gel 
the sample is cautiously run m through the dehveiy tube 
At the same moment the tap (T) is closed and the auto 
matie siphon {8) placed m position "with a sampling tube 
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beloTT The tap (T) is then reopened As soon os the sample 
has dramed mto the gel the dehvery tube is washed down 
twice with about 1 ml 1 % butanol and then withdrawn 
The separating funnel, already charged with 1 % butanol, is 
placed m position As soon as the washmgs have entered 
the gel the tap of the funnel is carefully opened and the 
solvent admitted to the col umn 



Fig 2 Apparatus (see test) 

Sampling Successive, approximately equal samples of 
about 6 ml (the exact volume is immaterial) are collected 
m dry tubes (4 m x 1 in.) by means of the automatic 
siphon (S) Each sample is titrated m turn and the titres, 
after correction for blaiiks, are plotted against the number 
of samples It is usually convement to plot the titres both 
mdividually and cumulatively 

Titrations To avoid the mconvemence of titratmg m a 
heterogeneous medium 0 005 N KOH is used m COj free 
methanohe solution The solution is stored m a bottle 
guarded against CO. and dehvered by gravity to a guarded, 
self fillin g 10 ml imcro burette, the stopcock of which is 
lubneated with a sihcone preparation 

A stream of dry, CO, free air is passed through the 
sample throughout the titration, using a small smtered glass 
distributor (.D) to obtam a stream of fine bubbles The air 
should be passed for at least 30 sec before beg inning to 
titrate, shorter periods of preliminary gassing fail to remove 
CO. while long periods may lead to loss of acids by volatdi 
zation The butanol, chloroform and methanol vapours are 
sucked away by the pump (see Fig 20) 

Indicator and end point In our early experiments we 
used phenolphthalem as mdicator, as is usually advised. 


but wo later abandoned this m favour of crcsol red A 
0 04% solution m methanol is used, two drops being taken 
for each 5 ml solution undergoing titration The colour 
changes from yellow through a browmsh red and finally, 
vciy sharply mdecd, to a blmsh red even when 0 005x 
alkali IS being used, 0 01 ml suffices to produce the final 
change of colour, which is more easdy seen by dayhght than 
by artificial illumination 

Cresol red has certam disadvantages which, however, can 
easily bo overcome, and are compensated for by the sharp 
ness of the end pomt It is preferentially soluble m water 
so that the samples for titration must bo collected m dry 
tubes, and the air stream must be dried There is a shght 
lag in the establishment of the final end pomt, espcgially 
m 30% butanol, but tins can bo overcome by waitmg for 
30 sec after the end pomt has apparently been reach^ m 
order to see whether the brownish red colour returns There 
IS a ftirther and more subtle difficulty If, when the total 
titro m 1 % butanol is less than about 0 5 ml , a dropwise 
titration is earned out, a false end pomt may be reached 
with the addition of a few drops of the alkali On the 
addition of a further 1-2 drops the mdicator agam turns 
yellow, and only then begins to approach the true end 
pomt This cunous phenomenon, which is not observable 
m 10 or 30 % butanol, can be avoided by the addition of a 
few drops of methanol before startmg to titrate samples m 
which a small titre is expected 

Blanks Blank values are determmed by runmng samples 
of the solvents through virgm columns They vary slightly 
firom one sample of sihca to another, but the errors mtro 
duced by these vanations mto the final estimates are of the 
order of not more than 1 % when total titres of 10 ml or 
more are bemg handled In our own expenments the 
following average blanks were found 

Blank 

(ml 0 005 n-KOH/S ml sample) 


Buffer 

1 % 

10% 

30% 

I 

0 023 

0 034 

0 036 

n 

0 024 

0 032 

0 038 

rn 

0 022 

0 034 

0 036 


Change of solvent When one acid has been eluted firom 
the column the elution of the next can be hastened by 
replacmg the solvent by another containing more butanol 
Generally speakmg, the exchange is made when the titre 
has dropped to the blank level or as soon as an morease of 
at least 0 1 ml m titre is observed. 

General operation If, is usually convement to coUect 
samples every 4-6 min. The rate of flow diminishes with 
mcreasmg concentrations of butanol and with mcreasmg 
pH, but depends mainly upon the porosity of the particular 
sample of sdica m use It can be controlled by modifying 
the proportions of sihca and buffer m the mixture, but it is 
better to rely upon alterations m the hydrostatic pressure 
of solvent above the column. It is also possible to mix 
samples of different porosities together m order to obtam 
smtable rates of fiow 

An expemnental run can be mterrupted, if necessary, by 
fittmg to the top of the tube a rubber bung pierced by a 
small stopcock The tube is filled very nearly to the top 
with solvent, the bung placed securely m position and the 
tap closed, m this way it is possible safely to discontmue 
operations for several hours 
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Table 1 Behaviour of aliphatic acids (Cj and upwards) on columns I, II and III 


AcidB 


Column 

pH* 

% 

butanol 

Eluted 

By-passedl 



Retained 

I 

66 

1 

C 4 

Cg and higher ^ 

— 



10 

Cg 





30 

C. 



n 

84 

1 

C, 

C, and higher ^ 

Cg.Cg 



10 

Cg 




30 

Cg 



in 

05 

1 

C, and higher 

— 

Cg and lower 



10 

c. 





30 

Cg 




* Xtetermmed by glass electrode (16°) on mrcturea of 6 g siboa with 3 mL buffer suspended m 10 
figures are more useful as a cheek on the properties of the silica than as indications of the operative pH of the columns 
j- In the first five to sn samples 


Operational columns It is not possible to carry out com 
plete sepafations of more than three acids upon any one 
column under the conditions we employ, and we have 
therefore developed three types of columns buffered, 
respectively, with buffers I, II and III These columns, 
referred to as ‘ columns I, n and III ’, cover the whole useful 
range of the method their xierformances are summarized 
m Table 1 (see also Figs 3-6) 

RESULTS 

Separation and recovery of acids 

Recovery experiments were first carried out on 
carefuUy redistiUed specimens of smgle acids, the 
total load taken being of the order of 20 ml 0 006n 
m each case The recovenes are listed m Table 2 
Eeelmg satisfied that virtually quantitative re 
covenes of smgle acids can be achieved, we prepared 
a series of mixtures of known acids and put them 
tlirough the usual procedure The results (Table 3, 
Figs 3-6) showed that virtually complete separa 
tions of naturally occurrmg acids are possible up to 
Cg , and that quantitative recovenes of the separated 
components can bo aclueved Oenanthio acid (Cj) is 
separable from caproic (C,) but not from capryhc 
acid (Cg), polargonio acid (Cg) is inseparable from 
capryhc (Cg) and higher acids 

Behaviour of isomers n and woButync acids 
bohaio BO similarly on the columns that they are 
mdistmguishable ond the same is true of n- and 
isocaproic acids We mode a special study of the 
\ alone acids, \nz n and isovaleric, tnmethylacetio 
and Di. mothj lethj lacetic acids 

Smeo sharper separations are normally found 
beta con acids that come late through the columns 
(see Figs 3-5) wo studied the behanour of the 
isomers on columns of t^•pe m, from wluch they 
are ehitcd onlj bi 30 % butanol Each experiment 
Mas performed on a separate column and aU the 
cohmms m ere prepared m the same way and under 
identical conditions It was found that by mcreasmg 
the rolntno proportion of buffer to sihca better 


separations were obtamed these col umns were 
therefore made from 4 g of sihca and 3 ml of 
buffer in The results showed that n valenc and tn- 
methylacetio acids behave almost identically, while 
wovalenc and dl methylethylacetio acids come 
through together but considerably later than the 
other two We prepared an equimoleculor mixture 
of the n and iso acids and exommed this on one of 
these columns The resultmg curve (Fig 6 A) showed 
two weU-separated peaks, mdicatmg that a partial 
separation of the two isomers had been accom- 
plished Similar mixtures of trunOthylacetic and 
PL methylethylacetio (Fig 6 B), n valenc and tn- 
methylacetio (Fig 6 C) and wovalenc and tnmethyl- 
- acetic acids (Fig 6 D) were similarly treated and 
agam gave partial separations 

Although we have not succeeded m accomphahmg 
total separations even m these favourable cases, it is, 
nevertheless, established that n valenc and tn- 
methylacetio acids can easily bo distmguished from 
wovalenc and dl methylethylacetio acids 

Influence of some experimental conditions 

Properties of the silica Several different samples 
of sdica were used m the course of our work These 
mcluded one too acid and another too alkalme for 
use m Elsden’s (1946o) procedure, two more that 
gave good results by his method, and a sample of 
Isherwood’s (1946) non adsorbent sdica Virtually 
identical results were obtamed with all samples 

Fig 7 presents the results obtamed by analyzmg 
samples of the same mixture of acids (n caproic, 
isovalenc and n butync acids) on four different 
sdicas In examinmg these curves the foUowmg 
facts must be borne m mmd The precise position 
taken up by^ a gi\ en acid is influenced to some extent 
by the rate of flow of the column and therefore by 
the porosity of the gel This is shown by shght 
differences m the positions of the first bands m 
Fig 7 More important, however, are the differences 
due to the fact that the butfinol content of the 


312 V JIOYLE, E BALDWm AND R SCARISBRICK 


Table 2 Secovery of single acids 





Amount 

Amount 


No of 



taken 

recovered 

Recovered 

C atoms 

Acid 

Column 

(ml OOOSn) 

(ml 0 005 n) 

(%) 

2 . 

Acetic 

I 

20 6 

20 6 

100 

3 

Propiomo 

I 

18 8 

18 2 

97 


Propiomo 

I 

18 8 

18 4 

98 

4 

n Bntync 

I 

19 0 

19 4 

99 


n Butyno 

n 

19 3 

18 8 

98 


isoButyno 

I 

21 6 

21 4 

99 


woButync 

n 

21 6 

20 7 

90 

6 

71-Valenc 

n 

18 5 

18 3 

99 


Ji-Valeno 

n 

18 5 

17 7 

90 


woValeno 

n 

19 0 

20 0 

102 


tsoValeno 

m 

19 0 

19 2 

98 


Tnmotliylacetic 

n 

19 9 

20 0 

103 


Tnmethylacetic 

m 

19 9 

19 7 

99 

6 

n Caproic 

n 

17 3 

17 3 

100 


a-Caproio 

in 

19 3 

19 1 

99 


tsoCaproio 

m 

19 2 

19 3 

101 

7 

11 Oenanthio 

m 

18 8 

18 3 

98 

8 

« Capryho 

m 

19 3 

19 2 

99 

9 

n Pelargomo 

m 

19 2 

19 2 

100 

10 

\ 

n Capnc 

m 

18 6 

18 6 

99 

J 

Table 3 

Recovery of acids from mixtures 






Amount 

Amount 



Total 



taken 

found 

Recovered 

recovered 

Oolnmn 

Acids taken 

(ml 0 005W) 

(ml 0 005 IT) 

(%) 


(%) 

I 

n Butyno 

19 6 

20 0 

102 




Propiomc 

18 8 

17 9 

96 


101 


Acetic 

20 6 

21 4 

104, 



n 

n Caproic 

17 8 

17 8 

100 



' 

M-Valono 

18 6 

18 6 

100 


99 


n-Butyno 

19 3 

18 6 

97, 



n 

n-Caproio 

17 8 

18 0 

101 




n Valenc 

18 6 

18 6 

100 

. 

98 


71 Butync 

19 3 

18 9 

98 J 



n 

7i-Caproio 

17 8 

18 6 

104 

1 



71 Valenc 

18 6 

18 9 

102 

1- 

101 


71 Butync 

19 3 

18 8 

98, 

1 


rn 

71 Capnc 

18 61 

37 7 

1001 




71- Capryho 

19 3} 




99 


71 Caproic 

19 3 

19 0 

99J 



m 

71 Capnc 

18 61 

37 8 

1001 




71 Capryhc 

19 3} 




99 


71 Caproio 

19 3 

18 8 

98] 



in 

71 Capnc 

18 61 

37 5 

991 




7t Capryho 

19 3} 




100 


71 Caproic 

19 3 

19 4 

lOOj 




developing solvent was not increased at the same 
time m all cases Such an mcrease results m a sharp 
rise m titre as the ne-rt acid comes through, and any 
delay m changing the solvent is naturally followed 
by a latef rise m the curve When allowances are 
made for these factors, the differences between the 
four curves become insignificant, mdicatmg that it 
is unnecessary to take elaborate precautions m pre- 
parmg the sfiica and, mcidentaUy, that different 


samples of sfiica can safely be mmed together m ' 
order to obtam columns running at convement 
speeds 

Effect of concentration of buffer We adopted the 
use of 2 m: buffers as standard procedure Fig 8 
shows the effects of usmg more dilute buffer on 
columns of type n Usmg m instead of the usual 2 m 
phosphates the separation between the first two 
acids [n caproic and wovalenc) is no longer com- 
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plete, though the separation between the second sonsitno to loads of 0 01 mmol or less, so that small 
pair (iso\'alenc and n butjTic) is still \ or> good In amounts of one acid can bo detected and estimated 
0 6m buffer the second separation is also impaired in the presence of larger amounts of others Excel 
Essentially sunilar results uoro obtained uith the lent separations can bo obtained Muth loads up to 
other columns about 1 mmol of each acid by the use of columns 



No of iismpte 

Fig 3 Separation of n butync, propionic and ncclic acids (column I) Tlio butanol content of the developing solvent 
was changed at the points indicated Acids approx 1 ml 0 1 x of each acid Ordinates titrcs of succcssn o samples, 
o mdindnal, x aggregate 



Effect of load The optimal load for the columns is 
about 0 1 mmol (h 20 ml 0 006 n) of each acid m 
the mixture, correspondmg to about 6 mg acetic 
or 10 mg valeric acid The method is, however, still 


of similar length, but about fi\ e times as large a 
cross sectional area 

Volumeof sample^ InthemethodofElsden(1940a) 
it IS necessary to mtroduce the acids to be analj^ed 




Fig 6 Separation of n capno + n-caprylic, n caproio and 
n valeno acids (column HI) Details as for Fig 3 



Fig C Behaviour of isomenc valeno acids (column III) 

A, 0 5 ml 0 1 in n valenc + 0 5 ml 0 lif tsovaleno acids 

B, 0 5 ml 0 li< tnmethylacetic + 0 6 ml 0 lii-DL-methyl 
ethylacetio acids C, 0 5 ml 0 1 n valenc + 05 ml 
0 ll> tnmethylacetic acids D, 0 5 ml 0 Is tnmethjl 
acetic + 0 5 ml 0 1i» isovnlenc acids Solvent 30% 
bntanol m chloroform throughout 



Fig 7 Analysis of a mixture of n-caproio, isovaleno and n-butyno acids (col umn D) Four equal samples of the same 
mixture vere separately analyzed on four different samples of sihca Note the solvents vere not changed at the 
same pomt m each case Acids approx. 1 ml 0 1 n of each acid 





Fig 10 Approximate analysis of o mixture on tiro columns (see 
text) Sample, 1 ml A, Column IV, the first fl^o somplcs 
•ncre massed and placed on B (column HI) 


Fig 8 Influence of concentration of bufler on 
separation of n caproic, teovaleno and n butyno 
acids on column H Acids 1 ml 0 approx 
of each acid 



Fig 9 Effect of volume of sample (column II) Separation of n-caproio, n valeno and n butyno acids 
Acids equivalent of 1 ml 0 Iti approx, of each aad Volume of sample o, 60 ml , 20 ml , x , 10 mL 
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m a total volume of not more than 3 ml With 
the 6 g buffered columns, even when samples 
of 60 ml are taken, there is still excellent re- 
solution, though the first band is considerably- 
broadened (Fig 9) 

Applications of the method 

Identification and approximate assay of components 
of a mixture Each acid shows strongly character- 
istic beha-viour on the columns Thus the valeric 
acids are by-passed m the first five to six samples 
of 1 % butanol by column I, eluted rapidly by 10 % 
and only very slowly by 1 % butanol from col umn II, 
and rapidly eluted only by 30% butanol from 
column in So characteristic is the beha-^nour of 
each member of the series of acids studied that it 
may be taken as e-vidence of identity, -with the 
reservation that only certam pairs of the isomers 
we have tested proved -to be distmguishable (p 311), 
even under carefully controlled conditions 

Before proceedmg to exact analysis it is often 
, desirable -to carry out an approximately quantitative 
analysis of an unkno-wn mixture in order to discover 
what acids are present and m what concentrations 
This can be done by takmg advantage of the large- 
sample volumes that the columns can handle For 
this purpose an additional column (IV) is of great 
service this is buffered -with 2 ar-KH.P 04 alone, and 
by-passes caproic and higher acids, 3 ueldB up valenc 
•with 1 % , butyric -with 1 0 % and propiomc -with 30 % 
butanol Acetic acid is retamed but can be approxi 
mately assayed by difference 

A smaU, measured sample of the mixture to be 
analyzed is placed on a column of type IV and the 
first five samples, which contam some of the valenc 
acid together -with practically the whole of the 
higher acids, are not titrated but massed -together 
and reserv ed The column is then developed m the 
usual manner A column of type in is then set up, 
the five reser-\^ed samples are placed upon it and the 
column then developed The results of such an 
experiment are sho-wn m Fig 10 the acids taken 
m this case consisted of a 1 ml sample contammg 
about 0 1 mm ol each of acetic, propiomc, n- and 
■!sobut 5 mc, n- and leovalenc, n caproic and n- 
capryhc acids 

Ohly approximate results can usually be obtamed 
m this manner, but the procedure gives rehable 
mdications of the nature of the acids present emd 
approximate values for their respective concen- 
trations It IS then possible to select columns smt 
able for exact analysis imder optimal conditions 

Routine analyses of mixtures "Where routme 
analyses are to be carried out, and the identities of 
the acids present have been established, it may 
not be necessary to employ aU three of the standard 
columns In the analysis of rumen con-tents, for 
example, m which only acetic, propiomc and butjuic 
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acids are usually assajed (Elsdon, 194C6, Elsden 
ct al 194G, for example), onlj^ column I -will be 
required In a hy'pothoticnl cose wliere, say, only 
valeric, butyric and propiomc acids were to he 
determmod, a column mtormediate between types 
I and II could bo specially designed for the purpose 
It is reasonable to assume that mtermodiate columns 
would yield results as quantitative as those obtamed 
on the standard columns used m the present oxpen 
ments In addition, lughor acids by-passed by one 
column might be put directly on another that is 
more alkahne 

Detection and estimation of impurities purification 
of acids As the method is sensitive even to very 
small loads, it is not difficult to detect the presence 
of traces of contamman-ts m supposedly pure 
specimens of acids We were able, for example, to 
demonstrate the presence of approximately 4 % of 
a valeric and 6 % of propiomc acid m a redistilled 
sample of ‘pure ’ wobutyric acid In another experi- 
ment an allegedly pure specimen of n caproic acid 
was found to contam no less than 17 % of an un- 
known impurity 

Smee the col um ns can handle loads up to about 
0 2 mmol of acid, specimens of this order can be 
freed from traces of impurities by passage through 
an appropnate column and subsequent recovery by 
neutralization and evaporation to dryness 

Preparation of characteristic derivatives Consider 
able amounts of purified acids can be obtamed by 
the procedure outhned m the preeedmg paragraph 
and are of great v^alue for the preparation of char- 
acteristic derivatives, such as the piperazomum salts 
or phenyUiydrazides, for purposes of identification 
The mam difficulty likely to be encountered here 
lies m the removal of the mdicator, but we avoid 
this by proceedmg m the foUo-wmg maimer 

A smtable column is set up and loaded -with about 
0 2 mm ol of each of the acids -to be characterized 
Samples are collected and titrated m the usual 
manner until the first acid begms to come through 
The next six samples, which contam the bulk of this 
acid, are massed together, -without titration, for 
subsequent recovery Further samples are then 
titrated until the second acid begms to come through 
and this is hkewise collected m six samples, agam 
•without titration, and so on IVhen more than 
0 2 mmol of an acid is required it is an easy matter 
to run more than one column and mass the corre 
spondmg eluates or to work with wider col umn s 

Limitations of the method 

As the foregomg discussion mdicates, tins new 
method possesses numerous advantages ovw-its 
predecessors Certam drawbacks remam, however, 
m particular the mabihty of the columns completely 
to resolve mixtures of isomeric acids and of acids 
higlier than capryhc 
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It seems to be ■well ost-ftblished {Hilditch, 1047) 
that, vntb the exceptions of propionic mid isovnlorio 
acids, fattj acids contaimng oitlier a branched chain 
or an odd number of carbon atoms occur but rarely 
m nature Our procedure is therefore capable of 
separatmg and annlj'zmg nil the naturallj occurring 
steam \ olatile saturated fatty acids as far ns Cg 
We have shown that oonnntluc (C,) acid can bo 
completely separated from caproic acid (Cj) but not 
from caprjhc (Cg), nhilo pelargomc (Cg) is insopa 
rable from caprj ho (Cg) and capric (Cjg) iniilo for 
biochermcal purposes this limitation is perhaps not 
a serious one, for purblj chemical worh, m which 
odd numbered acids are more hkolv to bo encoun- 
tered, the present method will break down in cases 
where acids contaming more than soion carbon 
atoms have to be dealt wnth 

SIBEMARY 

1 A new method is described for the idontifi 
cation, separation and estimation of most of the 
steam volatde members of the saturated series of 
fatty acids The procedure ls based on the prmciple 
of partition ohromatographj' heainly buffered silica 


Note The range of the method has been improi cd 
by the use of a column buffered with 9 parts of 
2 KOH to 1 part of a 2 m solution of glycine 


gels, without indicator, form the stationary phase 
of tlio partition columns, the inoniig phase con 
sisting of mixtures of chloroform and butanol 

2 Naturally occurring fatty acids from acetic to 
caprjhc can bo identified, qiiantitativolj' separated 
and estimated Capr\ he cannot, how oi or, bo sopa 
rated from higher acids 

3 Of the non natural acids, oonanthic can bo 
separated from lower but not from higher acids 

4 Partial separation has boon nchio\ od botw con 
isomorio forms of valeric acid but isomeric acids 
cannot m general bo distinguished or separated 

5 Acids can bo roco\ orod from the columns in 
quantities largo enough to permit the preparation 
of characteristic derivati\ os 

0 Optimal results are obtained wnth quantities 
of the order of 0 1 mmol of each acid, whether taken 
soparatolj or m mixtures 

The authors’ thanks are duo to tho follmnng for gifts of 
samples of silica Dr D J Bell, Dr R R Porter and 
Jfr A T Johns R’e aro also indebted to Ifr G E Baker for 
nssistanec in preparing tho diagrams T«oofus(V AI and 
E B ) wish to oTpress our gratitude to tho Lcvcrhulmo 
Fellowships Foundation for a grant, during tho tenuro of 
whioh tho greater part of this work was earned out 


and KCl Caprjdic (Cg) and higher acids are eluted 
Avith 1 % butanol, oonanthic (C,) wnth 10 % butanol 
and caproic (Cg) with 30 % butanol 
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Experimental Evidence that the Stem-end Blackemng Pigment 
of Potatoes is a Compound of Iron 

By H G wager, Low Temperature Stahon for Research in Biochemistry and Biophysics, 
University of Cambridge, and Department of Scientific and Industrial Research 

[Received 13 January 1948) 


In studies of the environmental conditions of growth 
which lead to the production of potatoes hahle to 
show stem end blackemng, the quantity of pigment 
present was estimated by visual judgement (Wager, 
1946, 1947) In the course of experiments to develop 
an alternative, physical method for the estimation 
of the stem end blackemng pigment, it was found 
that the mtensity of the colour of the extracts was 
^mcreased by the addition of small amounts of iron 
salts, and further work was directed to this pomt 

Robison (1941) suggested that the pigment rmght 
he a compound of iron The evidence given was con- 
cerned with the relationship between the iron con- 
tent of the tubers and the amount of stem end 
blackemng shown by them, and weis conflictmg She 
also suggested that the blue black compound was an 
oxide of iron These views were criticized by Cowie 
(1941) Nuttmg (1942), on the basis of analogj”^ with' 
other pigments, suggested the possibihty that the 
blue black pigment weis a metaUic complex, but 
offered no supportmg evidence 

METHODS 

The potato extracts were prepared from median longitudinal 
shoes, 3 mm thick, of peeled tubers 40 or 50 potatoes were 
shced to ohtam a composite sample The shoes were washed 
five of surface starch, cooked m glass distilled water, reduced 
to a sludge and left to stand for about 1 hr to allow time for 
equihbration of soluble material between the potato cells 
and the hqmd The potato cells were then filtered off and the 
cloudy filtrate left to stand with chloroform for several days, 
during which tune precipitation oconrred One or two 
successive filtrations gave an extract with only a trace of 
opalescence 

The stem end blaokenmg pigment is sensitive to change 
m acidity, bemg colourless or nearly so at an acidity of low 
pH (3 or less), and attaining a maximal mtensity of colour 
at one of pH 8-9 (Wager, 1946) This change m colour was 
the basis of the method of estimating the pigment The 
absorption of light by the solution was measured at pH 7 40 
and also at about pH 3, and the difference between these two 
values was used as an estimate of the content of stem end 
blackening pignltent This estimation was fairly specific, but 
m some cases there may have been a shght change m the 
degree of opalescence of the solution on acidification, and 
it seems probable that m all extracts there were small 
amounts of compounds which were pale yellow m alkahne 
solution and colourless m acid solution, such compounds 


could be seen m some of the extracts containing httle stem- 
end blackemng pigment 

Iron was estimated by ua' dipyndyl usmg the potato 
extract prepared os above (1 e without ashmg) The develop 
ment of colour was slow, 3—4 hr were required for maximal 
mtensity, whereas m pure solutions of iron 15 mm only 
The average recovery of iron added to the solution was 
withm about 2 % of -the value shown by the cahbration 
curve, but mdividual values showed some expenmental error 
The complete recovery of amoimts of iron as low as 1 pg /mb 
from solution with 3—4 tunes this amount of iron, as deter 
mmed by the oca' dipyndyl reagent, suggests that all the 
lonizable iron present was estimated, and this has been 
assumed. 

pH was determmed with a glass electrode, and light 
absorption by a photometer (Hilger Spekker) using a violet 
filter, Ilford no 601 

The samples of potatoes used m this work were all com 
mercially grown m East Angha They came from a vanety 
of sod types and consisted of five samples of King Edward, 
five of Doon Star and eleven of Majestic potatoes (The 
author’s thanks are due to Mr B S Smith of the Potato and 
Carrot Division of the Mmistry of Food, Peterborough, who 
arranged for the collection of these samples ) 

RESULTS 

Extracts prepared from tubers hable to stem-end 
blackenmg are grey m colour at pH 6 and become 
somewhat browner as the pH is adjusted to 7 6 The 
addition of a solution of an iron salt, which mcreases 
the mon concentration by a few pg /ml , leads to a 
marked mcrease m mtensity of colour This mcrease 
in mtensity of colour may be explamed by the 
assumption that the stem end blackenmg pigment 
IS a compound of a colourless precursor and iron, 
and that there is normally an excess of the colourless 
precursor On the other hand, there might be present 
two pigments, the stem end blackemng pigment and 
another which \v£is affected by non, e g tannm 'To 
test whether tannm was present an extract with a 
high mtensity of colour was shaken at mtervals with 
droplets of gelatm for 2 hr The gelatm was filtered 
off and melted, and then to the diluted and melted 
gelatm and to the filtrate was added an excess of 
iron (10 pg /ml ) The change m mtensity of colour 
with pH was determmed for both solutions Tlie 
gelatm contamed shghtly less material that m 
creased m colour with added non than did the 
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filtrate, i e there ■was no evidence of concentration 
in the gelatm Tlie same teclmiquo -rthon applied to 
a solution of tannic acid of sitnilnr concentration 
resulted in a marked concentration of tannic acid 
in the gelatm As a further test for the presence of 
t^TiTun an attempt -was made to absorb the pigment 
on goldbeater’s skm This was also negatu o There 
IB, therefore, a prima facie caso for assuming that 
the mcreaso in colour ivith iron is not duo to tho 
presence of tanruns 

Extracts were prepared from difToront samples of 
potatoes and their pH '^as adjusted to 7 40 To 
10 ml portions of these extracts 1-16 /<g /ml of 
iron ivas added os ferrous sulphate Tho concen- 
tration of iron and also tho amount of stem end 
blackerung pigment -were then determined, vnth tho 
results shown in Fig 1 Tho lowest pomts on tho 
cun'es are for the e'rtracts -with no added iron 


31 n 

The colour of anj gn cn extract is clcarlj de- 
pendent on tho concentration both of iron and of tho 
colourless precursor of tho stem end blackening pig- 
ment Tho maximum intensity of pigment obtained 
mth a liigh concentration of iron may bo taken ns a 
measure of tho total amount of stem end blaclvoning 
pigment present Tins has \ anedm cUfferent extracts 
from C to 31 units, whilst tho concentration of iron 
m tho extract mcrclj ^n^lcd from 1 4 to 3 6 /ig /ml 
and could not bo correlated with tho \nrmtion in 
stem end blackening pigment It follows, therefore, 
that tho major factor in determining tho amount of 
blnckcnmg that do\ olops in potatoes after cooking is 
tho content of tho stem end blackening pigment 
precursor and not tho content of iron (cf Robison, 
1941) Tho rclat lonships betw ccn tho content of iron, 
the content of stem ond blackening pigment, and the 
xnnoty and conditions of grow th of tho tulior w ill be 
discussed m a subsequent paper 


POTATO STEM-END BLACKENING PIGIIIENT 



Fig 1 The relationship between tho estimated content 
of iron m potato extracts and the concentration of 
stem end blackening pigment, expressed as the optical 
density of the extract 

If all these curves, when extrapolated backwards, 
had passed through the ongm it would have been 
clear evidence that the stem end blaokenmg pig- 
ment was a compound of iron Some of the curves, 
however, when extrapolated, do not appear to pass 
tlirough the ongm, and it seems reasonable to assume 
that m these cases there were present compounds, 
sensitive to the change m pH, other than the stem 
end blackening pigment a famt yellow colour at 
pH 7 4, which was lost m acid solution, was noticed 
m some extracts which contamed very httle stem 
end blackening pigment The curves m Fig 1, there 
fore, offer fair evidence for the combmation of a 
colourless precursor -with non to give the stem end 
blackenmg pigment 



Stem end blackening pigment (18 fig /ml of Iron) 

Fig 2 The concentration of stem ond blackening pigment, 
expressed on optical density, m potato extracts nt a low 
concentration of non, 2 pg /ml , plotted against the 
concentration of pigment in the same extract at n high 
concentration of iron, 18 pg /ml 

If these extracts contamed coloured stem-end 
blackerung pigment and a different colourless com- 
pound, liable to darken •with non, it would be very 
unlikely that the concentration of both compounds 
would always be m the same ratio Unless tins were 
60 the mtensity of colour developed at a high con 
centration of non would bear no constant ratio to 
that at a low concentration These two values 
have been plotted agamst each other m Fig 2 for all 
extracts prepared, and a sensibly constant ratio 
between them is clearly sho'wn Some small diver- 
gencies from a constant ratio must be expected m 
■view of the e'xpenmental errors and of the presence 
of other light absorbmg compounds m some of the 
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extracts Tire view that the extracts contamed only 
one mam compound that combmes with mon, and 
that this combmation gives nse to the stem end 
hlackenmg pigment receives support, therefore, from 
Fig 2 

A simple but very conclusive visual demonstration 
of the combmation of the stem end blackemng pig- 
ment with iron may he made by immersmg one half 
of cooked tubers, showmg stem end hlackenmg, m 
a solution of 10 /ig /ml of iron for about 1 hr and 
immersmg the opposite halves m distilled water as 
a control The iron causes a great mtensification 
of colour m regions previously blackened, but a 
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neghgible discoloration occurs m the rest of the 
tuber 

STOMMARY 

Evidence is offered to support the view that the 
stem-end blaokenmg pigment of potato is a com 
pound of iron with a colourless precursor The con- 
centrations of iron and of the precursor vary m 
different samples of potatoes The range of concen 
tralion of the precursor is greater than that of iron 

The work described above was earned out as part of the 
prograinme of the Food Investigation Board of the Depart- 
ment of Scientific and Industnal Research 
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THE BIOCHEMICAL SOCIETY 

The 268th Meeting of the Society teas held in the Biochemistry Department, The University, Glasgow, TF 2, 
on Friday and Saturday, 23 and 24 July 1948, commencing each day at U lb a m , when the following papers 

were read 

COlitMUNlCATIONS 


Selective Influence of Calcium on the Respiration of Skeletal Muscle Bj' A Lasnitzki 
(Medical School, University of Birmingham) 


It has been found that the rate of respiration of 
various animal tissues durunished to a more or less 
degree if calcium was remoi ed from the surrounding 
medium (Lasmtzki, 1934) The tissues ovamincd m- 
cluded liver, kidney, spleen, brain cortex from the 
rat, mtestmal mucosa from the rabbit, and tv o types 
of transmissible rat tumours Similar effects of 
calcium deficiency were observed in respect of tissue 
glycolysis It is to be noted, further, that the rate 
of respuation and glj colysis, of normal as v ell ns 
tumour tissue, was hkewise reduced if the mediiun 
did not contam potassium This result prompted tho 
hypothesis that calcium acted m an mduect manner, 
namely, through mlubition of the outv ard diffusion 
of potassium from the ceU The hypothesis v ns sub 
stantiated by the results of mvestigations on tho 
influence of calcium upon the potassium content of 
tumour tissue, kept under conditions similar to those 
mamtamed m metabolism experiments (Lasmtzki, 
1938) 

In contrast to these findmgs, absence of calcium 
from the medium was found to have a stunulatmg 
effect upon the respuation of skeletal muscle, while 
the reaction to lack of potassium was unaltered The 
material employed was the diaphragm of rats of 
100-120 g weight In each experiment about one 
half of the muscular portion of one diaphragm was 
suspended m normal (glucose free) Rmger solution 
havmg a low bicarbonate content, and the other 
half m a similar solution m whicli CaClj (0 0021 m) 
had been replaced by an equimoleculaT amount of 
NaCl Oxygen consumption was measured (37 6°, 
atmosphere ofpure O.) accordmgto Warburg (1930) , 
tissue pieces were gently shaken m larger volumes 
of corresponding suspension flmds pnor to measure 
ment The results obtamed durmg the first 30 min 
observation are illustrated m the accorapanymg 
figure, givmg the average of three experiments It 
will be seen that the rate of respuation in normal 
Rmger solution (NB) was fauly small, but that it 
increased more than 2J tunes when calcium had 


been excluded (A^B — Ca) Tlio differoiico v ns main 
tamed during subsequent periods of obsenntion, 
although it became gradually less Calcium is thus 
able to oxorciBO a direct inhibitory action upon tho 
respiration of skololnl muscle No effect of this 
kind has, so far, boon obtained with heart muscle 
tissue 



The most hkely explanation of this selective m 
fluence appears to be that whereas calcium may yet 
cause a limited mlubition of the outward diffusion of 
potassium from the skeletal muscle fibre, it is capable 
at the same time of penetratmg that ceU to a greater 
extent than the cells of the remammg tissues In this 
way calcium wfil get m a position to counteract, 
through its dehydratmg power, the stunulatmg 
action of potassium (cf Lasmtzki, 1946) 


Lasmtzki, A (1934) Protoplasma, 22, 274 
Lasmtzki, A. (1938) Amer J Cancer, 32, 613 
Lasmtzki, A. (1946) Nature, Land , 166, 398 
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The Measurement of the Cytochrome Oxidase Activity of Tissue Preparations By E C Slater 
{Molteno InstUute, Umversity of Cambridge) 


The C 3 rtochrome oxidase activity of tissue prepara 
tions IS usually measured by determmmg the rate 
of oxygen uptake when various reducmg agents are 
added to a mixture of the preparation (m phosphate 
buffer) and pure cytochrome c It is assumed that 
the cytoclirome c is reduced by the reducmg agent 
as soon as it is oxidized by the cytochrome oxidase- 
oxygen and that the rate of oxygen uptake is 
dependent only on the ojdxichrome oxidase activity 
It has been found that this assumption is vahd 
only when enzyme preparations of relatively low 
cytochrome oxidase activity (e g Keihn & Hartree’s 
1938 preparation) are employed With the much 
more active preparations used more recently by 
Kedm & Hartree (1940, 1947), the rate of oxygen 
uptake depends not only on the oylwohrome oxidase 
activity, but also on the concentrations of cyto- 
chrome c and reducing agent and on the catalytic 
activity of the added cytochrome c, which is 
affected by the concentration of the phosphate 
buffer The concentrations of cytochrome c required 
for maximal activity are so great that an mchrect 


method, mvolvmg extrapolation of the measure 
mqnts at different cytochrome c concentrations to 
infini te cytochrome c concentration, must be em 
ployed By this method the Qq, (fat-free dry weight 
— 38°) of the Kedm & Hartree (1947) preparation 
IB 3400 

p Phenylene diamine, unlik e other reducmg 
agents, is rapidly oxidized by the enzyme prepara 
tion m the absence of added cytochrome c (Kedm 
& Hartree, 1938), owing to its abihty rapidly to 
reduce the endogenous cytochrome c m the heart 
muscle preparation The activity measured at 
infinite cytochrome c concentration is, however, 
mdependent of the reducmg agent, showmg that 
there is no alternative pathway, m the heart muscle, 
for the oxidation of p-phenylene diamme, as has 
been suggested by Stotz, SidweU & Hogness (1938) 

Catechol and adrenahne are not satisfactorj^ 
reducmg agents for this determmation The former 
has too high an oxidation -reduction potential, whde 
adrenahne is rapidly oxidized by cytochrome c, 
even m the absence of cytochrome oxidase 
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A Method of Separating the Main Chemical Constituents of Pisum sativum By Margaret B 
Brown, R P Cook and K M Stewart (Department of Bwchemistry, University College, Dundee) 


During the course of an mvestigation on a fraction 
present m peas which stimulated pemcdhn forma- 
tion (Cook, TuUoch, Brown & Brodie, 1946), data 
were accumulated on the chemical constituents 
present m the pea The ‘ Gladstone ’ variety of pea 
has been studied 

The fpllowmg method of separation was employed 


The general chemiccd composition of these frac- 
tions is shown m the table (Values are expressed 
as g /lOO g of dry peas m pod ) 

Fraction I consists of fibre (26%), starch (40%) 
and protem 

Fraction IH consists mamly of di and mono 
saccharides (72%, estimated as glucose) From it 


Residue I 


Peas m pod passed through a jmce extractor 

Jmce n 


Ethanol added to 80 % 
concentration 

I 1 

Fdtrate IH Precipitate 

Suspended m water 

Insoluble IV Soluble V 
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have been, isolated sucrose, fructose (os the dincetono 


compound) and asparagine 


Fraction 

Dry 

matter 

Ash 

Total 

nitrogen 

I 

76 8 

34 

164 

H 

23 2 

00 

1 27 

m 

12 0 

— 

0 30 

IV 

42 

— 

0 30 

V' 

04 

— 

0 45 


Fraction W consists of protein, and starch 
Fraction V is tho fraction active in stimulating 
pemciUm formation It contains a complex carbo 
hydrate with glucose, fructose and galactose units, 
nuclooprotoin, jioptidos and free ammo acids Tho 
followmg ammo acids lia\ o boon detected and osti 
mated in tho hydroljTied matenal lysine, histidmo, 
argmmo, aspartic acid, glutamic acid, glycine, 
valine, loucino, throonino, ci'stmo, phenylalanine, 
tjTosino, triptophan and prolmo 
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Phosphatase of Rabbit Polymorphonuclear Leucocytes By D jM Cram and R J Rossiter 
{Department of Biochemistry, University of Western Ontario, London, Canada) 


Using the method of King A, Armstrong (1934) it 
was found that polymorphonuclear leucocytes 
obtamed fir om tho rabbit by the method of de Haan 
(1918) contam an active phosphatase That such 
an enzyme may be present m white cells was 
suggested by Kay (1930) and confirmed by Roche 
(1931) and Fiessmger & Boyer (1936) 

In the preparations used m the present study at 
least 95% of the cells were pol 3 miorphonucloar 
The pH activity curve showed two maxima, one 
m the region of pH 10 and one m the region of 
pH 6 This was confirmed usmg a number of buffers 
The alkahne phosphatase was much more active 
than the acid phosphatase Under the conditions 
of study, tho alkahne phosphatase activity was 
proportional to the concentration of enzyme The 
effect of substrate concentration on tho alkahne 
phosphatase activity has been studied and the 
Michaehs constant (K,„) deterrmned An excess of 
substrate inhibited the enzyme The tune course 
of tho reaction has been plotted and shown to bo 
a straight hue for at least 60 mm , after 90 min the 
activity fell off m close approximation to tho 
monomolecular law 


Magnesium and glycmo, m low concentrations, 
caused an increase in activity, the optimum con 
contration of magnesium bemg 10"*M Zme, 
cyamde, borate, phosphate, bile salts and glycme, 
m lugher concentrations, were inhibitory Fluonde 
had no demonstrable effect Surface active sub 
stances such as saponm, bile salts or ‘alkyl sul- 
phate’* hberated the enzyme from the cells 

Simdar results were obtamed usmg a glycero- 
phosphate and p glycerophosphate as substrates 
The enzyme hy'drolyzed j3 glycerophosphate more 
readily than a. glycerophosphate The alkahne phos- 
phatase can be considered to belong to class AI 
of Folley A, Kay (1936) and the acid phosphatase 
to class AH The alkahne phosphatase can also 
bo considered^ as a phosphatase H of Cloetens 
(1039) It IS mterestmg to note that Gomon 
(1041) demonstrated the presence of alkahne phos 
phatase m polymorphonuclear leucocytes histo- 
chemically 

* An ertremely active preparation provided by the 
Procter and Gamble Company, Cincinnati, Ohio 
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Lipids of Tissue from Nervous System By A C Johnson, A R MoNahb and R J Rossitee 
(Department of Biochemistry, University of Western Ontario, London, Canada) 


The concentration of free and total cholesterol 
(method of Schoenheimer & Sperry, 1934), cere- 
broside (method of Brand & Sperry, 1941), total 
phosphohpid, monoammophosphatide and lecithm 
(method of Hack, 1947) was determmed m the whole 
bram of a series of gmnea pigs, cats and rabbits 
From these figures the concentration of ester 
cholesterol, sphmgomyehn and cephahn was calcu 
lated The same estimations were also done on both 
the white matter and grey matter from brains of 
the cat, dog, beaver and man 

On a wet-weight basis, there was a higher con 
centration of cerebroside, total cholesterol, total 
phosphohpid, lecithm, sphmgomyehn and cephahn 
m white matter than m grey Referred to total 
‘essential hpid’ the concentration of cerebroside 
and total cholesterol was lugher m white matter 
than m grey, while the concentration of total 
phosphohpid was higher m grey matter than m 
white The concentration of sphmgomyelm was, 
however, greater m wlute matter than m grey, this 


bemg offset by a greater concentration of both 
lecithm and cephahn m grey matter than m 
white 

Similar studies were also done on peripheral 
nerves from the cat, dog, beaver and man The 
distribution of the ‘essential lipids’, i e cerebro 
sides, total cholesterol and total phosphohpid, and 
of the various fractions which go to make up the 
total phosphohpid, i e lecithm, sphmgomyelm and 
cephahn, more closely resembled the distribution 
of the hpids m the white matter of the bram than 
that of either the grey matter or the bram as a whole 
In peripheral nerve, however, there was a greater 
concentration of sphmgomyelm and less cephahn 
and cerebroside 

Both white matter and peripheral nerve were thus 
characterized by a relatively high concentration of 
cerebroside, cholesterol and sphmgomyehn It is 
temptmg to speculate, therefore, that it is these 
lipids, rather than lecithm and cephalm, that form 
the basis of ‘ myehn ’ 
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The Effect of BAL on the Urinary Copper Excretion of Sheep By James Stewaet and Hamish 
Robebtson (Animal Diseases Research Association, Moredun Institute, Edinburgh) 


A prehmmary study has been made of the effect of 
2 3-dimercaptopropanol on the urmary excretion 
of copper m mdividual non-pregnant sheep, with 
a view to ascertammg whether any significant 
lowermg of (a) blood copper level or (6) the copper 
reserve m the hver, can be brought about The 
value of BAL as an agent m the study of the 
disease occurrmg m sheep known as Swayback 
might thus be assessed 

The experiments were earned out m metabohsm 
cages permittmg the collection of bulk urme over 
24 hr penods 

The B AT, was mjected mtramuscularly as a 5% 
(w/v) solution m arachis od containmg 10% benzyl 
benzoate, and the copper determmed by the method 
of Eden & Green (1940) 

In case no 988, weight 100 lb , the experiment 
extended over a penod of 60 days m order (a) to 
study the effect of varymg doses, (6) to see whether 
the value for the mcrease m urmary copper could 


be mamtamed for subsequent doses given at m 
tervals up to 20 days 

The foUowmg pomts of mterest were noted 

(1) The effect of a given dose of BAL (5 ml ) on 
the urmary copper excretion varied withm wide 
hmits for different sheep (2—16 tunes normal 
level) 

(2) The mcrease of copper excretion after BAL 
mjection is due to two factors (a) excretion of 
copper m conjugation with the BAL , (b) a secondary 
effect due to mcrease m urme volume This may be 
prolonged over several days This mcrease m volume 
IS extremely variable 

(3) No change m the value for copper m the blood 
could be found after mjection of 4 ml BAL 

(4) In the case of animal no 988 over the total 
period of 60 days, for a total of 20 ml BAL mjected 
there was an estimated total loss of copper through 
the urme of 7 mg m excess of the normal excretion 
level It was not possible to check the hver copper 
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of this sheep at the end of the experiment, but it 
•iras calculated that the amount of copper stored 
m the hver of a comparable sheep ■would bo 10-13 mg 
(6) There is no apparent change m fmcal copper 
output 


In another senes of exporunenls no significant 
change has been brought about ns yot in the blood- 
copper value of pregnant owes nor in tho liver 
copper le\ el 'of lambs given intensive doses of 
2 3 dimorcaptopropanol 
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The Gytological Interpretation of the Feulgen Reaction B3 EDOAnSrcDitAir and Ellen Stedwat. 
{Department of Biochemistry, Umicrsily of Edinburgh) 


Feulgen’s reaction for deosjTibosonucleic acid is 
used extensively m cytological ■work "When applied 
to sections or similar preparations containing 
di'vidmg cells the chromosomes, and these only, 
become stamed a violet colour, a result ivhich is 
generally mterpreted as mdicatmg that tlio wliolo 
of the nucleic acid contamed m tho nucleus is 
located m the chromosomes From the fact that 
the dye produced m Feulgen’s reaction is soluble 
m -water it is, however, clear that only structures 
m the cell which remam insoluble under the staimng 
techmque employed and ■which are capable of 
adsorbmg or otherwise retammg the soluble dye 
■will become stamed by this method On these and 
other grounds we (1943, 1947 o, b) have contested the 
above mterprotation, hut our conclusions have been 
cnticized In particular, Bracbet (1946) states, as 
evidence agamst our view, that the isolated nuclei 
of a-vian erythrocytes retam the whole of their 


nucleic acid during tho hj drolidic process We hai o 
thoroforo oxammod some of the chemical changes 
which occur in tho isolated nuclei from ox liver 
colls when submitted to treatment similar to that 
used m Foulgon's method Tho results show that 
fixation for 2 lir m 30% acetic alcohol romo\es 
part of tho histone Hj'drolj'sis at 60° for 10 mm 
m L HCl completes tho removal of tins nuclear 
component At tho same time phosphorus 'corre- 
sponding -witli 27% of tho original nucleic acid 
present is lost from tho nucleus Jitoroover, phos- 
phorus contammg substances can be detected 
analjdicalty m the hj’drolj'Sis fluid, v, Inch also gi\ es 
a deep violet colour when neutralized and treated 
•with Foulgen’s reagent and a blue colour when 
heated -with Discho’s reagent These results accord 
■with our mterprotation of Feulgen’s reaction Their 
imphcations are discussed 
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Some Metabolic Products of Tnchotkecium raseunt Link By G G Fbeeman and R I Mokbison 
(Imperial OTiemicoI Industries Limited, Explosives Division, Research Department, Stevenston, 
Ayrshire) 


The isolation and properties of taiohothecm, an 
antifungal substance from the culture filtrate of 
T roseum, have been described (Freeman & 
Momson, 1948) Tnohothecin, which mhibite tho 
growth of many fungi but has no antibacterial 
proiierties, is a colourless orystalhne unsaturated 
ketone, m p 118°, [a] ^+44° It has the probable 
molecular formula 

In the course of fractionation of F roseum 
culture filtrates three other crystalhne metahoho 
products were isolated These do not appear to have 
been described pre-wously and -will be referred to as 
Tosetn I, II and III, respectively The three sub 


stances were present m the chloroform extract of 
the culture filtrate, rosom 1 and H have also 
been isolated from the dried mycehum m larger 
amounts 

Chloroform extracts of the mycehum consisted 
mamly of a mixture of hpids from which rosem I 
crystalhzed on evaporation of the solvent or on 
addition of petroleum ether, b p 60-80°, to the oily 
residue It -was purified chromatographically and 
obtamed as colourless compact crystals, m p 210° 
Yield, 3 2 % of dry mycehum Rosem 1 was readily 
soluble m chloroform and acetone and shghtly 
soluble m ether, benzene and ethanol [a] ^ —113°, 
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144° (c, 1 m chloroform) The analytical data stance was slightly soluble m petroleum ether, 
were m agreement with the molecular formula b p 60—80°, and ether, but readily soluble m 
C 19 H 26 O 3 The substance was a neutral ketone chloroform and boilmg 60 % (v/v) aqueous ethanol 

Rosem II was also obtamed m highest yield from — 124° (c, 1 m chloroform) Its analysis agreed 

the chloroform extract of the mycehum It was with the molecular fonpula Rosem TTT 

separated from rosem I by means of its greater was neutral and contamed a ketomc group 
solubihty m ether and m boilmg 60% (v/v) aqueous Rosems I and 1 1 1 had no antifungal or anti 
ethanol It was also obtamed by extraction of the bacterial activity Rosem H was active agamst 
oily residue with 76 % (v/v) ethanol It was purified S but had no antifungal activity 

by recrystallization from 60 % (v/v) ethanol and The crude oil extracted from the mycehum was 
from petroleum ether, b p 60—80°, from which it decolorized by passage tlirough a column of char 
crystallized m colourless fibrous needles, m p 186°, coal The oil was hqmd at 20° and crystallized 
yield 1 6% of mycehum Rosem H was neutral and partially below 16° It amounted to 20% of the 
free from ketomc properties [a]^ + 6°(c, 2 mchloro- mycehum Its saponification value was 194 Tlie 
form or ethanol) , [a]^^ + 7°(c, 2 m chloroform) Its correspondmg fatty acids were separated mto sohd 
analytical data agreed with the moWcuIar formula and hqmd fractions by the lead salt method 

(Twitchell, 1921) and were found to consist of about 
Rosem HI was obtamed from the chloroform 40 % of sohd and 60 % of hqmd acids The latter 
extract of the culture filtrate m a yueld of 100 mg /I consisted mainly of oleic acid, but the presence 
and separated from tnchothecm by chromatography of Imoleic acid was established by isolation of 
on activated alumina It crystallized from toluene its petroleum ether insoluble tetrabrormde, m p 
as colourless compact crystals, m p 221° The sub- 116° 
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Two CrystaUine Mycelial Constituents of Tnchothecium roseum Link By S E Miohaeij 
{Department of Btochemtstry, London School of Hygiene and Tropical Medicine, London, TF (7 1) 

A stram of the mould Tnchoi/iectMm roseum Link, — 140° m chloroform (c, 1) It has no 

freshly isolated from an apple by Mr G Smith, was acidic properties The presence of carbonyl is mdi- 
foimd to grow somewhat slowly on Czapek-Dox or cated by the formation of a^ yellow 2, 4 dmitro- 
Rauhn-Thom medium, but to grow weU on Czapek- phenylhydrazone, m p 237° Heating with alkah 
Hox medium with added comsteep hquor m ethanol converts product I mto an acidic sub- 

The culture is harvested after 3 weeks’ mcubation stance, m p 143°, which has the same analysis, but 
at 24° on the latter medium The yellow culture is more soluble m ethanol than product I, and which 

flmd contains a bitter prmciple which can be has the rotation [a]|S^ = + 40° m ethanol (c, 1) 

extracted with ether Contmuous extraction of the Oxidation of product I with KMn 04 m acetone 
dried and powdered mycehum with light petroleum gives a substance, m p 242°, which, accordmg to 

affords a mixture of two colourless, crystallme analysis and titration, appears to be a monobasic 

products (2-3 % of the weight of mycehum) The acid, 

two products are separated by treatment of the Product II Colourless needles (from toluene), 
mixture with cold ethanol which leaves product I, m p 186° Analysis C, 76 31, 76 37, 76 66, H, 9 48, 
m p 210° (approx two thirds of the mixture), 9 34, 9 21 No OMe or active H present Mol 

undissolved, while product II, m p 186°, crystallizes weight (Hast) 337 The substance is soluble m most 

from the alcOhohc hquors on addition of water orgamo solvents , more soluble than product I m 

OnRauhn-Thommedium,onlyproductIisformed cold ethanol and petroleum ether It is optically 
A prehmmary exammation of these products has active ^ aUca 

shown the foUowmg facts slowly dissolves product H to a clear solution from 

Product I Colourless pyramids (from alcohol), which acid precipitates the unchanged pro uc 1 

mp 210° Analysis C, 74 99, 76 01, 76 37 H, 8 70, KMnO^ m acetone converts product n mto an acid, 

9 03, 9 00 No methoxy or active H present m p 284° 

Mol weight (Rast) 316 Its empuical formula has Comparison (by mixedm p ) of thetwocr^tallme 
not been established with certamty, but the formula products with the substances obtamed y reeman 
CioHjgOs, appears possible, amongst others The & Momson (see above) showed that p uct is 
substance is soluble m most orgamc solvents, mcl identical with “Rosem I and product 1 en ica 
hot petroleum ether It is optically active with “Rosem II 
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Colorimetric Determination of Potassium by the Folin-diocalteu Phenoi Reagent By 
MAM Abot-Fadl 


Determination of Serum Potassium by the Flame Photometer By W Klyne (Department of 
I Chemical Pathology, Postgraduate Medical School, London, W 12) 


The potassium concentration of a solution may bo 
determmed by the flame photometer of Domingo, 
Klyne & Weedon (1948) The solution is sprayed 
mto an air acetylene flame and the mtensity of the 
766 and 770 my. K hnes measured, usmg an Ilford 
609 filter and a Cmtel GS 18 photocell A solution 
contammg Na as well as K gives a lugher galvano 
meter readmg than a solution of the same K con- 
centration contaimng no Na Representative results 
for NaCl and KCl solutions ore given m Table 1 

Table 1 Flame photometer readings for potassium 


Concentration 


Solution 

(mg K/ 
itK) mb) 

(mg Na/ 
100 mb) 

Galv 

reading* 

A 

0 

0 

00 

B 

0 

30 

0 1 

C 

0 

330 

08 

D 

20 

0 

38 

E 

20 

30 

00 

E 

2-0 

100 

73 

Q 

20 

320 

94 

H 

20 

330 

94 

J 

2-0 

340 

95 

K 

3-0 

330 

13 6 

L 

40 

330 

17 5 


• Loganthnuo scale 


These higher galvanometer readings are pre 
sumably due to mcreased excitation of K by Na 
present m the flame (cf Erode (1943), regardihg 


the influence of extraneous elements on arc and 
spark spectra) Previous workers on the flame 
photometer (o g Barnes, Richardson, Berry & Hood, 
1946, Hald, 1947) have not reported such mter- 
forence, their flame temperatures were probably 
lower than that used m the present work 

For K dotermmations with our apparatus stan- 
dard K solutions must bo used contammg Na m 
approximatelj' the same concentration as the solu 
tions to bo tested The dependence of the galvano- 
meter readmgs on Na concentration decreases at 
higher Na concentrations as shown by solutions G, 
H and J m Table 1 

In serum K detenmnations variations m Na 
concentration from tbe normal (c 330 mg /lOO ml ) 
are therefore minimized as follows Serum (1 0 ml ) 
IS diluted with a NaCl solution contaimng 330 mg 
Na/100 ml (9 0 ml ) The resultmg solution has 
a Na concentration of 320-336 mg /lOO ml even for 
the most abnormal sera Comparison is then made 
with standard solutions contammg 1 6, 2 0, 2 6, etc 
mg K/lOOml and, m each case, 330 mg Na/100 ml 

Results for normal sera by this method and 
by the cobaltmitnte method of Abul Fndl (1948) 
usually agree withm ± 2 mg K/lOO ml K added 
to normal serum can be recovered with an error of 
± 1 mg /lOO ml ^ 

I am indebted to Mr R A Brennan for mnoh techmcal 
assistance 
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The Polymyxins A Related Series of Antibiotics derived from B polymyxa By George 

^ and OTiemtcaZ Research ia6ora7aries. 


The name ‘Aerosponn’ was apphed by Ainsworth, 
Brown & Brownlee (1947) to a chemotherapeutic 
antibiotic, selectively active against Gram negative 
organisms Its pharmacology was further studied 
by Brownlee & Bushby (1948), who emphasized its 


bactericidal nature Its ohmeal apphcation to 
whoopmg cough was described by Swift (1948) m 
a prehminary report The polypeptide nature of at 
least part of the molecule is inferred from the 
detection and isolation of d leueme, l threonme 
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L diaminobutyno acid and an unidentified, optically 
active fatty acid of formula CgHiflOj (Catch, Jones 
& Wdkmson, 194:8) 

‘Polymyxm’ was discovered m America by 
Stansly, Shepherd & White (1947) as an antibiotic 
product of B polymyxa, the antibacterial nature 
of crude culture filtrates of this organism had been 
the subject of an earher communication by Benedict 
& Langlykke (1947) The component ammo acids 
of this antibiotic were simultaneously identified by 
Bell, Enghsh, Shepherd, Wmterbottom, Bone, 
Fellows, Howard & Roger8(1948)and Jones (1948a) 
as leucme, threomne, serme and ay diammohutync 
acid, while the same fatty acid was also present 

Comparison of the two antibiotics* revealed an 
identical antibacterial spectrum, but several m 
terestmg pharmacological differences Even the 
purest samples of ‘Aerosporm’ are toxic to the 
mammahan kidney (Brownlee & Bushby, 1948) and 
efforts directed to removing this property chemically 
have so far met with httle success Pblymyxm also 
hsis the nephrotoxic property (Brownlee, Bushby 
& Short, 1948) After efforts to ehmmate the 

* By the exchange of samples through Dr Carey 
of the Lederle Laboratories Division of the Amenoan 
Cyanaimd Co 


neplirotoxic action, which mcluded chemical pun 
fication, and the use of protectmg agents (Broi^ee 
& Short, 1948}, stram selection proved most pro 
ductive and qmckly provided a number of anti 
biotics with different chemical and pharmacological 
properties At least two are fi’ee from neplirotoxio 
properties 

The recogmtion of this related series, of which 
‘polymyxm’ was one, raised m acute form the 
question of nomenclature The remvestigation of 
the taxonomic derivation of B aerosponts and 
B polymyxa (Porter, McCleskey & Levme, 1937) has 
shown the two to be identical and confirms the latter 
as the specific name It is therefore appropnate 
that the collective name for the antibiotics shall be 
polymyxm and agreement m this sense has been 
brought about l^etween the British and Amencan 
workers mvolved ‘Aerosporm’ has thus been 
renamed polymyxm A and the ‘polymyxm’ of 
Stansly et al , polymyxm D, wliile the newly mvesti 
gated antibiotics which are free from the nephrotoxic 
property are polymyxm B and polymyxm E There 
IS also described polymyxm C 

The chemical basis on which the classification 
rests IS given m the accompanymg paper (Jones, 
19486) 
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The Chemical Basis for the Classification of the Polymyxins By T S G Jones (Wellcome 
Chemical Research Laboratories, BecLenkam, Kent) 


Polymyxm A (‘Aerosporm’) has been shown to 
contam n-leucme, L threomne (Jones, 1948a, 6), 
L ay diammobutync acid and an umdentified, 
optically active, fatty acid of formula CsHjgOj 
(Catch, Jones & Wilkinson, 1948a, 6) The same 
acids, with serme as an additional acid, are present 
m polymyxm B (Bell et al 1948, Jones, 1948c, 
Catch et al 1948 a, b) That free serme is not present 
as such m the polymyxm D preparation studied, 
IS shown by partition chromatograms In these. 


polymyxm D moves at a speed, relative to the 
solvent front, faster than polymyxm A When 
apphed to the paper m admixture the two anti- 
biotics separate, givmg two spots Similarly when 
the products of other strains of B polymyxa of 
diverse ongm are exammed it is possible to dis 
tmguish a number of groups by their relative speeds 
on the paper Further, when the products of the 
acid hydrolysis of these materials are exammed on 
the chromatogram, differences are noted m their 
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qualitative composition These differences are sum 
marized m Table 1, where the ammo acids corre- 
spondmg with selected strains are shown together 
with the classes to which tliey have been assigned 
Except for polymyxm E, which has the some 
quahtative composition as poljmiyxm A, the dif- 
ferent classes show differences m their ammo acid 
make up The basis of the classification, therefore, 
IS that the relative solubihties m two solvents, 
reflected m the relative speed on tlie chromatogram, 
and the quahtative ammo acid composition, should 
differ for the different classes It is not known at 
present whether polymyxins assigned to one class 
differ quantitatively amongst themselves, and 
whether all the strains which produce these are 
actually identical organisms It appears, however. 
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that CN 1984 and CN 2002, which have been shown 
to give products mdistmguishablo by chromato- 
graphy both of the intact and the hydrolyzed 
xnatenals, are distmct strams {Francis &/ Kong, 
1048) Until verj recently, when one stram 
apparently gave a product which, as tho intact 
material, separated into spots correspondmg with 
both polymyxm A and B, no evndonce has emerged 
that any one stram gives mote than one class of 
antibiotic Tho apparent dual nature of tins pre- 
paration needs confirmation with purer matenal 
Tho common feature of all these antibiotics appears 
to bo the presence, m the molecule, of tlireonme, 
ay diammobutyric acid, a neutral non polar ammo 
acid and, ns far as has been mvestigatod, a saturated, 
optically active fattj acid 


Table 1 The amino acid co7nponcnts of ihe polymyxins 


ny Diaraino 


Polymj'xm 

A 

Culture no * 

i9S4 

2002 

121 

Leueme 

+ 

Phcnjlnlfttuno 

Threomne 

-t- 

Sonno 

bntyno ncid 

+ 

B 

2219 

1419 


+ 

+ 

- 

+ 

C 

2135 

2130 

2185 


+ 

-r 


+ 

D 

B71t 

+ 

- 

+ 

+ 

+ 

E 

2184 

2164 

+ 

- 

+ 

- 



* 'Wellcome foundation Culture Numbera t Lederle Laboratones Division of the Aniencan Cynnamid Co 
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The Chemistry of Polymyxin A (‘Aerosporin’) Isolation of the Amlno-acIds n-Leucine 
^"Threonine, L-ay-Diamlnobutyric Acid, and an •Unknown Fatty Acid By J R Catoh' 
T S G Jones and S Wilktstson (.Wellcome Chemical Besearch Laboratories, Beclenham, Kent) ’ 


The presence m polymyxm A {‘Aerosporm’) of 
D leueme and i threomne (Jones, 1948a, b), and 
the isolation of dl ay diammobutync acid (Catoh 
A Jones, 1948), has established the ammo acid 
composition of the polypeptide portion of this anti- 
biotic The present work has confirmed the presence 
of D leueme and l threomne by actual isolation of 
these ammo acids The use of picnc acid for the 
isolation of the basic ammo acid has been found 


to be unnecessary and 3>ay diammobutync acid 
and Di, ay diammobntyno acid have been isolated 
as the mono hydrochlondes m yields m the proper 
tion 3 1 by direct fictional crystallization from 
alcohol of the residue left after removal of the 
hydrochlonc acid from the ether extracted hydro- 
lysis mixture Fractional precipitatioh by pyndme 
of the mother hquors from the crystallization of 
the di ammo acid gave pure l threomne, and, from 
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the filtrate by addition of /S-naphthalene sulphomo 
acid, the salt of d -leucine was obtained This enabled 
the isolation of pure D-leucme All of the ammo- 
acids were thus obtamed as the optically and 
chromatographically pure substances n-ay-Di- 
ammobutync acid has eilso been isolated m the 
above manner firom polymyxm B 

Extraction of mtact polymyxm A, B or D m 
strongly acid solution by ether gave only traces of 
soluble material After hydrolysis by hot acid, but 
not by alkah m the cold, ether extraction of the 
product yielded the same fatty acid for the three 

Catch, J R & Jones, T S G (1948) Btochem J (m the 
Press) 


polymyxins This acid may be punfied wo the 
p-bromobenzylthiuromum salt, mp 160-161°, or 
by fractional distillation under diminished pressure 
The acid gave a crystalhne aimde, m p 93°, and 
a hqmd methyl ester, b p 36-36°/0 01 mm Hg 
Optical activity is shown by both the acid, 
WU6i=+8 6° (c = 2 22, ether), and the ester, 
M M51 = + 9 0° (c = 1 66, ether) Analytical data for 
the salt, the ester and the amide, which are pre 
sented, are consistent with the empirical formula 
CjHigOj for the acid 
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Nucleic Acids in the Deveiopment of the, COiick] Embryo Oianges in Ribonucleic [Acid 
Phosphorus (RNAP) and Deoxyribonucleic Acid Phosphorus (DNAP) in Heart and Liver 
By J N Davidson and I Leslie (Btochemtatry Department, St Thomas's Hospital Medical School, 
London, SJS 1) 


Evidence has accumulated m recent years to support 
the view that the nucleic acids are related to growth 
and to the synthesis of protem Studies on em 
bryomc development have shown that there is 
a higher concentration of both types of nucleic acid 
m embryomc than m adult tissues (Braohet, 1941, 
Davidson & Waymouth, 1944), and that the ribo- 
nucleic acid (RNA) m the whole chick embryo 
reaches its highest concentration when protem 
catabbhsm is most active (Novikoff & Potter, 1948) 

Tn the present mvestigation the heart and hver 
of the chick embryo were selected on eiccount of 
their contrasting frmctions Sampling occurred at 
random mtervals over 12 months from eggs of pure 
bred Leghorn stock mcubated at 37-38° The whole 
body, heart and hver of 9-20 day embryos were 
rapidly weighed and stored m absolute alcohol at 0° 
until they could be analyzed for RNAP and DNAP 
The analytical method was based on that of Schmidt 
& Thannhauser (1946), and phosphorus weis deter- 
mmed over the various ranges by three methods 
(Berenblum & Cham, 1938, Fiske & Subbarow, 
1926, and Allen, 1940) 

The curves for total RNAP and DNAP per organ 
at different stages of development follow' closely 
the shape of the curves for the fresh weights of 
hearts and hvers 

One feature clearly emerges when the changes m 


the RNAP/DNAP ratio are compared The ratio 
for the heart steadily falls from a value of 3 3 at 
10 days to 2 0 at 20 days The ratio is therefore 
highest when the rate of growth is most rapid, and 
falls off as this diminis hes In contrast, the ratio 
m the growing hver does not decrease uniformly, 
but rises to 4 3 at 12—13 days and after a shght fall 
returns to its ongmal value of 4 0 at 20 days ' 

The steady dechne m the RNAP/DNAP ratio for 
the heart is seen to be the results of a fall m the mean 
RNAP concentration of 60 /xg P/100 mg fresh 
weight at 9 days to 42 6 ;xg P/100 mg at 20 days, 
and a simultaneous nse m the DNAP from 
16-17 [ig P/100 mg to 21 ^g P/100 mg Liver 
RNAP concentrations fall from 100 'pg P/100 at 
9 days to 80 /xg P/100 mg at 20 days, and the 
DNAlP from 26 fig P/100 mg at 9 days to 20 fig 
P/100 mg at 20 days It may be that the fallin g 
concentrations of both RNAP and DNAP m the . 
latter is produced by the mcreasmg content of 
glycogen or other cellular constituents m the hver 
cells 

In neither of these organs is there a marked 
mcrease m RNAP, DNAP or m the ratio of these 
two nucleic acids at the 14th-16th days when 
protem catabolism of the embryo as a whole is 
takmg precedence over the fat and carbohydrate 
catabohsm (Needham, 1942) 
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The Occurrence of UracU in Liver Ribonucleic Acid By J N Davison and W Ba^okd 
{The Biochemistry Departments of St Thomas's HoapUal Medical School and Glasgow University) 


Uracil IS -well known to bo one of the pyrunidino 
bases of yeast nbonuoleio acid and its presence in 
the pentose nucleic acids of the pancreas and of 
tobacco mosaic virus is suggested by the work of 
Jorpes (1924) and of Lormg (1939) respectively 
Bdmes & Sohoenbeuner (1943), from the nucleic 
acids of mixed rat organs, isolated a cirstallme 
material from a fraction which might have con- 
tamed either thymme or uracil, and stated it to bo 
thymme Its N content was 24 4% The mtrogen 
contents of thymme and uracil are 22 2 and 25 0% 
respectively 

Liver nhonucleic acid (Davidson Waymouth, 
1944) was hydrolyzed by the method of Pentl & 


Schoenheimer (1944) and the pynmidme bases 
separated by the method of Hunter & Hlynka 
(1937) Cytosme was obtamed as picrate and uracil 
as the free base 

Found C, 42 70, H, 3 63, N, 24 6% 
requires C, 42 86, H, 3 67 , N, 26 0% 

The ribonucleic acid from one animal source, 
hver, therefore contains uracil ns one of the con- 
stituent bases and smeo the animal body contams 
more pentose nucleic acid than deoxypentose nucleic 
acid, it IS probable that the material isolated by 
Barnes L. Schoenhouner vras uracd rather than 
thymme Their analytical figures confirm this 
view 
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Amino-acids in Nuclear Proteins By J N 
Biochemistry, The Umveisity, Glasgow) 

The material employed was ‘ohromosm’ prepared 
from calf thymus and rat hver by the method of 
Mirsky & Polhster (1946) and fowl erythrocyte 
nuclei After removal of nucleic acid by the Sevag 
procedure the whole protem so obtamed was 
exhaustively extracted with HCl to remove histone, 
leaving a protem fraction correspondmg to the 
chromosomm of Stedman & Stedman (1943) 
or the Tr Pr of Mirsky & Polhster (1946) 
Whole protem, histone tmd chromosomm wore 
exammed for amm o acid content by paper chro 
matography and tryptophan was detenmned m 
each fraction 

Histones fixim all three sources differed from the 
chromosomms m contammg lysme and more serme, 
whereas the chromosomms (but not the histones) 
contamed glycme The histones contamed aspartic 
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Davidson and R A Lawbie {Department of 

acid, glutamic acid, lysme, serme, alanme, tyrosme, 
argmme, vahne, leueme, isoleuome, phenylalanine, 
prohne and an umdentified constituent, but fowl 
erythpocyte histone differed from the other two 
histones m containmg less leueme, isoleuome, vahne 
and phenylalamne All three chromosomms con- 
tamed aspartic acid, glutamic acid, glycme, serme, 
alanme, tyrosme, argmme, vahne, leueme (iso- 
leucme) phenylalamne, prolme and two umdentified 
constituents Whole protem contamed ammo acids 
corresponding to the sum of those m the constituent 
histone and chromosomm A trace of cystme was 
found m whole protem from rat hver nuclei 
Tryptophan was absent from, or present only m 
traces m, the histones Thymus chromosomm con- 
tamed 0 76% and rat hver chromosomm 1 20% 
of tryptophan 
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The Effect of Vitamin B Deficiency on the Testes of Mice By L A Elson and P C Kollee 
(The Chester Beatty Research Institute, The Royal Cancer Hospital, London, S TF 3) 


Mice deprived of vitamins of the B group show 
decreased activity of the hver succmovidase owmg 
to depletion of the cytochrome c component of this 
enzyme system (Elson, 1947) Exammation of the 
testes of these mice (M R C stram) has shown that 
spermatogenesis and sperm differentiation are 
affected, the process of differentiation being arrested 
with formation of giant cells contammg many nuclei 
This stage is followed by gradual arrest of meiosis 
m the primary spermatocytes Mamtenance for 
about 30 days on the deficient diet results m a 
complete suppression of ceU activity m some 
seminiferous tubules, which are often denuded of 
all but one layer of spermatogemc cells Recovery 
was studied m animals ktept on the deficient diet 
for 20-26 days and fed agam on normal diet 


Meiosis commences agam 8-10 days after restoration 
of normal diet, but the division m several primary 
spermatocytes shows various abnormalities, the 
most common bemg lagging or displacement of cliro 
mosome bivalents Aneurm appears to be the com- 
ponent of the \ntamm B complex chiefiy concerned m 
these effects Similar but less mtense changes m the 
testes of mice m cliromc aneurm deficiency have 
been reported by Dunn, Morris & Dubnik (1947) 
These findi n gs, together with the observations 
of Roller (1946) on the golden hamster, show that 
temporary diet deficiency can lead to effects 
apparently identical with the so-called spontaneous 
changes m the genetical structure of cells They thus 
indicate a mechanism by which these naturally 
occurring variations could arise 
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Some Properties of the Crystalline Anti-Pernicious Anaemia Factor By E Leshcb Smith, 
L F J Pahkee and K H Fantbs 


Observations on the Liebermann-Burchard Reaction By A P KjENNY (mtroduced by T 0 Eaton) 
(Clinical Laboratories, Victoria Infirmary of Glasgow, Glasgow) 


The factors mfluencmg the development of the 
colour m the Liebermann-Burchard reaction have 
been studied, usmg a Spekker absorptiometer and 
a set of eight Dford spectral filters 

The findin gs of other workers that the absorption 
curve for cholesterol solutions tested by the above 
reactions shows two peaks at 600-690 and 430 mg 
IS confirmed 

The temperature at which the colour is developed 
considerably modifies these maxima Curves have 
been plotted of absorption against tune of develop- 
ment for cholesterol solutions treated with reagents 
and mcubated at various temperatures Between 
0 and 20° the rates of mcrease of absorption at 
690 and 430 mg are similar At temperatures above 
20°, however, a critical value is reached, dependmg 
on the concentration of cholesterol, beyond which 
the component absorbmg at 690 m/i diminishes, and 
that at 430 mg mcreases Smce the loss at 690 mg 
IS not paralleled by a loss at 430 mg., there is 
evidence of the conversion of one coloured product 
to another form The rate of development and con 
version of the colour mcrease with rise of tem- 
perature At 20° the critical value is reached m 
22 min , at 30, 40 and ^0° it is reached m 8, 3 and 


1 mm respectively At 0° practically no colour 
develops over a period of 30 mm , but subsequent 
mcubation at a higher temperature results m the 
development of the colour along that particular 
temperature curve ‘Room temperature’ develop 
ment results m a curve which approximates to that 
obtamed by mcubatmg at 30° and is due to the 
mitial heat of the reaction , 

The deletenous effect of exposure to white or 
ultraviolet hght has been shown to be due to action 
upon the coloured product itself The proportions 
of acetic anhydride and sulphuric acid used also 
affect the final colour 

With carefully controlled conditions a strictly 
Imear relationship exists between absorption at 
430 mg and concentration of cholesterol when 
the reaction is allowed to proceed m the dark 
for 30 mm at 40° Smce development of absorp 
tion at 430 mg can be more readdy controlled 
it IS suggested that m estunatmg cholesterol itself 
by this reaction, measurement should be made at 
this wavelength rather than at 690 mg, as has been 
usual 

The pesponse of cholesterol esters' imder sraular 
conditions is now bemg studied 



PROCEEDINGS OP THE BIOCHEMICAL SOCIETY 

Observations on the Clearance of Potassium by the Kidneys By H Ellis C Wilson 


The clearance of potassium by the human kidney, 
appears m contrast to clilonde, to vary mversely 
as the plasma potassium After mgestion of 
potassium salts the plasma level tended to fall and 
the clearance rose sharply It is suggested that the 
rate of potassium excretion is governed primarily 
by its concentration m the cells rather than the 
plasma level Potassium taken by mouth may bo 
taken up by the hver and/or other tissues, and 


a stimulus possibly via the suprarenal may excite 
the kidney to excrete potassium until the concentra 
tion in the tissue cells is reduced As potassium 
m contrast to sodium is primarily ari mtracellular 
electrolyte, the control of its excretion by the 
potassium concentration in the cells rather than 
the plasma level ivould appear to he more physio 
logical 


Cyanase, an Enzyme Catalyzing the Hydrolysis of Cyanate By Sheila B Holtilam and 
F SoHUTZ {Department of Pharmacology, Unwerstty of Birmingham) 


It was recently found that some pharmacological 
properties of cyanate, e g the diuretic action m 
rats (Schutz, 1946, Buch & Schutz, 1946), was lost 
on mcuhation of cyanate with organ extracts 
(Millington & Schutz, 1948) This was partly due 
to bmding of cyanate by certam proteins (Holtham 
& Schutz, 1948), but the possibihty remamed of 
an enzymic destruction to have taken place as well 
A further mdication for the probable existence of 
a mechanism destroymg cyanate m hver was 
obtamed m recent experiments by Dimhuber & 
Schutz (1947, 1948 a, 6), when small but sigmfi 
cant amounts of cyamc acid were hberated and 
diBtdled from bram and other tissues, but no 
trace was recovered from either fresh liver tissue, 
or after it was mcubated under physiological 
conditions 

An enzyme was found, capable of catalyismg 
hydrolysis of cyamc acid mto ammoma and carbon 
dioxide, thus 

HCNO + HjO = NHj + COi 

The evolved COj was measured manometrically 
Aqueous centrifuged and filtered extracts of liver 
and kidney from freshly kiUed rats or gmnea pigs 
were very active Lyzed erythrocytes were less 
active Serum, bram or muscle showed no activity 
at pH 6 3 The optimal pH (h\ er) was at pH 6 2—6 3 


At pH 5 6 the enzyme was mactive, and at 6 8 its 
activity was <40% of that shomi at 6 3 The 
enzyme (hver and kidney) was thermolabile Liver 
extract kept 16 rmn at 65° was mactive ON' was 
found to mlubit, KI, lodoacetate, HjO^ and NHi 
did not inlnbit Further properties of the enzyme 
are bemg investigated We propose for tins new 
enzyme the name of cyanase 

By means of the recently developed manometnc 
method for the determmation of cyanate (Dimhuber 
&, Schutz, 1948 c), the described results have been 
confirmed Moreover, it was possible to mvestigate 
the activity at pH >7 Liver extracts were still 
active at pH 7 4, though <30% of the activity 
shown at pH 6 3 There may be limitations to its 
activity tn vivo Tissue slices at pH 7 4 were stdl 
less active than extracts at the same pH Since 
strong mdications have recently been found for 
the formation of cyanate from urea m certam tissues 
(Dimhuber & Schutz, 1947, 1948 o, b, Holtham 
& Schutz, 1948), the physiological role of cyanase 
probably consists m catalyzmg the hydrolysis of 
cyanate It seems of mtereat that the substrate of 
cyanase is the simplest orgamo mtrogenous com 
pound whose hydrolysis is catalyzed by a thermo- 
labile enzyme Pure sodium cyanate, made from 
urea accordmg to Bader, Duprd & Schutz (1948), 
was used m all experiments 
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Toxicity of 2 3-Dimercaptopropanol (BAL) In Young Rats ' By J D P Graham (introduced by 
J N Davidson) {Department of Matervi Medica, University of Olasgow) 


Ten sets of young litter -mate white rats about 40 g 
m weight were arranged m six groups They were 
given rat cube and water ad hb To three groups 
arachis od was administered daily 10 ml /kg , to 
the other three groups araohis oil m the same 
volume containmg BAL 10 mg /kg One control 
and one BAL-mjected group were sacrificed at 14, 
28 and 66 days after recordmg the weights of the 
rats daily In a second similar experiment with 
three groups of young rats BAL 60 mg /kg was 
mjected for 14 days Accordmg to Dunn, Murphy 
& Rockland (1947), if one apphes the formula 
log TF=l/t {Zucker, HaU, Young & Zucker, 1941, 
Zucker & Zucker, 1942) to the figures obtamed by 
recordmg the growth of the rats over a period of 
weeks, a straight hue graph mdicates an adequate 
state of nourishment m the animals This condition 
was found to apply both to the control and to the 
mjected rats and the plots were parallel There was 
no significant difference m the quantities of food 
eaten by the rats over the course of the experunent 
Much iMger doses of BAL than the 6 mg /kg which 
produces toxic effects m man (ModeU, Gold & 
Catell, 1946) may thus be given to young rats 


without affectmg their appetite or rate of growth 
The mdividual weights of th 3 noid, thymus, hver, 
kidneys, spleen, lungs, gonads, dned right femur, 
washed heart and washed gut similarly showed no 
statistically significant differences between the 
groups X-ray of the skeleton showed no detectable 
difference m bone structure Seifter & Ehnch (1948) 
have shown that the thymus is a most sensitive 
mdicator of general disturbance m growing rats 
The thymus glands of rats mjected with BAL 
60 mg /kg for 14 days showed pyknonecrosis and 
were hghter by 4% than those of controls The 
thyroid glands (190 pg /g body wt ) were heavier 
than m controls (126 /ig /g ) and showed histological 
evidence of a microfolhcular hyperplasia of nuld 
degree (% small folhcles m controls 18%, m BAL 
treated rats 30%, 1000 folhcles counted) The 
hvers of mjected rats showed some central necrosis 
and failure m glycogen storage 

It IS concluded that up to 60 mg /kg of BAL is 
not very toxic to growing rats There is only sbght 
evidence of goitrogemc property m this oompoimd 
and httle evidence of thymus depletion or hver and 
kidney damage 
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DEMONSTRATION 

Production of Streptokinase (Flbrinoiysin) and Haemolysin by Haemolytic Streptococci 
By J Green (Gardner Institute of Medicine, Glasgow) 


The use of simplified media, coupled with stram 
selection, obviates many difficulties m the puri- 
fication of bacterial products A modification of 
Fddes’s casern hydrolysate yeast extract medium 
has been used Yields of streptokmase m this 
medium are comparable with those obtamed with 
the usual digest and infusion media Control of 
pH throughout growth is of cardmal importance 
(Christensen, 1946), the yield hemg neghgible when 
^the pH of the medium falls below 6 0 Withm the 
pH range 8 0-6 5, streptokmase production parallels 


bacterial growth under varymg conditions of mcu- 
bation 

Streptokmase can be recovered from filtrates by 
precipitation with alcohol or acetone, or 66% 
saturation with (NH 4 )jS 04 , by adsorption on 
alumma (Holmberg & Wmblad, 1944) or by formmg 
an ether-water mterface 

The yield of haemolysm, on the other hand, is 
neghgible m this simplified medium, and in dialyzed 
media (Krejci, Stock, Samgar & Eraemer, 1942) 
Tn the heart-mfosion and digest media used for 
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reference, streptolysmO (Todd, 1938) preponderated 
m the Bupematante of infusion broth, while the 
haemolyBin m digest broth was not oxygen sen 
Bitive Prehimnary work shows that a ‘factor’ 


necessary for yields of the latter type of haemolysin 
can be removed by passmg a calcium phosphate 
floe m the medium The ‘factor’ can be recovered 
from the precipitate, and is non dialyzable 
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Relations between Hydrochloric Acid Secret^d^ and - 
^ Electrical Phenomena in Frog Gastric Muchsa. — 

} 

r By E E CRANE, B B DAVIES astd NORAS M LONGMUIR 
Depayflneni of Physics and Unit for Research tn Oell Metabolism {Medical Research Oouncit), 

Department of Biochemistry, The tlmversity, Sheffield 

[Becevicd 26 November 1947) 


For over a^lteiidred years the exxatenoo of a potential, 
difference across the atomach -wall has been 

recogiuzeo^^d there has been sporadic speculation 
as to the :^fetion, if any, between this p d and the 
secretory wtivity of the gastno mucosa The p d 
was first ::^TOfded by Donn4 (1834) who, discussmg 
these ‘ coilrants ^lectnques ’ asked ‘ sont ila capables 
de rapprpeher, de s^parer lea mofecules Tune de 
I’autre, et de dormer naissance 6, des corps nouveaux, 
coinme cela arrive dans le rfegne morgamque ? ’ This 
question still remains unanswered in spite of a large 
amount of work by numerous mvestigators The 
early experiments, uamg primitive techniques and 
uncontrolled conditions, have been reviewed by 
Biedermatm (1896) Later work, some with more 
refined techmques, but still usmg the stomach in 
situ, have been discussed by Rehm (1944) and by 
Relun A Hokm ( 1947 ) In the present mves^^ons 
isolated frog gastric mucosa was chosen as the experT 
mentaLmaterfal because it can secrete hydrochloric 
acid tn intro, under conditions capable of controlled 
variations, and because it is possible to obtam m 
formation about its metaboho activity (Davies, 
Longmvur & Crane, 1947) These m\ estigations mto 
a possible correlation between electric properties and 
metabolism were mitiated m 1945, after it had 
become clear that the hydrogen ions pf the acid 
could not be produced directly by the fermentation 
or oxidative degradation of any carbon compound 
(Davies, 1948, Davies et al 1947) 

This paper deals with the techmques and apparatus 
used, and presents the results of experiments which 
show that t here is a general cor relation between 
acid secretion and the p d. across the mucosa, the 
resistance of the latter and its abihty to pro^ce 
electric power externally This is taken to mdj^te 
that the elaboratiori_Qf_ hydrochlonc acid /is an 
oloctrochemical phenomenon A hypotliesisjof acid 
production is presented wluch is m accordaiice with 
the known biochemical and biophysical /observa- 
tions Accounts of mvestigations mto Jine effects 
o f direct clectnc currents on acid production and the 
ofTeota of metabolic activators and mlubitors will be 
gi\ en in subsequent papers 

A part of the present cork has been communi- 
cated to the Biochermcnl Society (Crane, Danes & 
Longmuir, 1946) 

Biochem 1948, 43 


EXPERIMENTAL 

Material Frogs (Bano temporana lemporaria L ) were 
used in these experunents They were captured locally, the 


Calomel Calomel 

electrode elearode 



web tattooed for identification, and were housed m a Concrete 
froggery at 15— 17 An excess of cockroaches or worms was 
provided for food 
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PrepaTolton and mounting of tissue The gastno mucosa 
was washed and isolated according to the method of Davies 
(1948) and the tube of mucosa then cut along the lesser 
curvature Holders consisting of a pair of perspex sheets 
1 6 mm thick and 4 or 6 cm square with a central hole were 
used for supporting the mucosa (see Pig la) The holes, fitim 
3 to 12 mm diameter, were surrounded on the inner sides by 
concentno grooves m the perspex which gnpped the tissue 
Rubber gaskets fixed on the outer sides prevented leakage at 
the jomts with the glass vessels described below The mueosa 
was laid across the hole between the two sheets and firmly 
dahiped m position by tightening the four comer screws 
In order to insulate it electrically the edges and screws of the 
holder were dipped m melted dental wax 
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Each saturated KCl bridge consisted of two 15 cm lengths 
of 2 mm boro glass tubing connected by 30 cm of bicycle 
valve rubber tubmg The glass tubes were constricted at 
each end, and the lower end 'contamed a tapered glass 
stopper 1 cm long ground mto the tube The narrow end of 
the stopper protmded a few millimetres beyond the tube 
(Fig 1 c) These bndges were designed because agar bndges, 
soaked strmgs and filter papers proved unsatisfactory They 
were fiexible and easdy flushed, refilled and cleaned, and 
their leak was not more than 10“* ml /hr with an excess 
pressure of 1 cm of saturated KCl solution Their resistance 
was about 60,000 fl 

The bridge from each vessel led to a test tube contaimng 
a reference electrode at 25 0°, and the p d between the two 


To calomel electrodes 



Pig 2 
/ 


Type n vessel for measurmg pH of secretory solution, p d and resistance of mucosa, and for passing current 
through it Obhque side tubes for locatmg bridges attached at 8S ZZ =:zmc zmo acetate electrodes 


Vessels The above umt was placed between the ground 
fianges of two glass vessels, which were then held together 
by a brass clamp with mbber-lmed jaws (Fig lb)' Several 
kinds of vessels were developed which were of two mam 
types Type I for measuring the p d. across the mucosa and 
the amounts of acid secreted, and Type EE for measuring 
additional quantities Type I vessels are comparable with 
those of Defrue (1930) and of Gray, Adkison & Zelle (1940) 
and are shown m Fig 1-c The nutrient vessel N contamed 
abont-86 ml of nutnent solution (see p 323) gassed with 
6 % CO, + 96 % 0. (v/v) The secretory vessel 3 contamed 
about 14 mh of 0 12ii NaCl solution gassed with 0, There 
was an excess pressure of about 1 cm of solution on the 
nutnent side The capillary draining tube at the foot of each 
vessel was closed by a glass rod attached by rubber tubmg 
Each bung supported by means of small rubber collars 
a funnel, a glass bubbler and one end of a saturated Kd 
bndge The bubbler was a narrow glass tube dehvermg a fine-' 
stream of either 0, or 6 % CO, + 96 % O, previously wetted 
and warmed to 25 0° 


electrodes was measured by a potentiometer desenbed later 
(see also Fig 3) In early experiments Ag AgCl electrodes 
(Brown, 1934) m 0 In KCl solution were used Later, 
calomel electrodes were used m saturated KCl solution, the 
level of which was kept shghtly aboVe that m the vessels and 
storage test tube The end A of each bndge was kept m this - 
tube containing 0 12 m NaOl solution at 26 0°, except during 
measurements With this precaution diffusion potentials 
were satisfactorily ehmmated Checks were fi^quently made 
that the p d between the two reference electrodes was zero 
with both bndges connected by the same solution, and 
showed calomel electrodes to bo completely rehable and 
more satisfactory than Ag Agd electrodes 
Type H vessels (Fig 2) were designed for the measurement 
of the pH of the secretory solution, the p d and resistance of 
the mucosa, and for passing current through it by means of 
the non polarizable zme zmo acetate electrodes ZZ These 
were made by rubbmg saturated Zn amalgam on to disks 
of pure cleaned Zn They had a constant resistance for current 
densities up to about 60 ma /om • 
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Bofor© each expenment the honzontal tehes "were filled 
ynth. four layers of 6% agar, the first made mth saturated 
ranc acetate solution and the other three avith physiological 
salt solution (see p 323) or 0 12m NaCl solution With this 
method no Zn was ever detected in the vessel solutions with 
8 hydroiycpnnohne or sodium diethyldithiocarbamate, and 
mucosae behaved normally If all the sahne agar was poured 
m together, so much zme acetate dissolved m it that a tone 
quantity subsequently reached the mucosa 

Bubblers were similar to those m Type I vessels Bridges 
were similar, but for more accurate resistance measurements 
some of the Type II vessels were provided with side tubes 
mohned at 30° to the vertical (not shown m Fig 2) which 


mounted m the bath was 20-30 min This period was found 
to' be well withm the safety limit for normal subsequent 
hehavjonr 

Sahne medium The solution used during the washing and 
preparation of the mucosa was similar to the physiological 
salt solution of Krebs & Henseleit (1932) diluted by 0 29 vol 
of water, except that it had a HCOj” content of 0 004m and, 
under workmg conditions, a pH of 7 4 The nutrient solution 
was that of Krebs i, Henseleit diluted by 0 29 vol of water 
and contaimng 0 2% glucose In aerobio experiments it 
was gassed with 6 % COj + 95 % 0„ in anaerobic expenmente 
with 6 % GOj + 96 % N, Analyses showed that our cyhnders 
of this mixture contamed 0 3-0 6 % Oj 


r 


rotcntlometer 


Potentiometer 





Fig 3 Diagram of oiromts for measuring p d and passing current through mucosa 


located the bndges accurately This allowed precise deter 
mmation of the correction due to the resistance of the 
solution In experiments where a low correction was 
desirable, large Type II vessels were used, the horizontal 
tube having a diameter of 2-4 cm , nutrient and secretory 
volumes 26 mLWherealowseoretoiy volume was needed to 
give a higher acid concentration, vessels of 1 2 cm diameter 
were used, the nntnent volume was 7 ml. and secretory 
volume 4-6 ml The glass electrode (Marcom 131 388 A) was 
mounted m the secretory vessel, on the far side of the bridge 
and bubbler from the mucosa It was connected to aWArconi 
pH meter Type TF 66HG(BecFig 2), and a saturated KCl 
bridge connected the secretoiy solution to a calomel refer 
enco electrode at 25 0° The p d was measured as in Type I 
vessels 

Both types of vessd were immersed m a water hath at 
26 0°rwhich also contained the reference electrodes, storage 
tube and gas manifolds The temperature was kept nmform 
by water circulated through a warmed flask by air from 
a small motnr blower, a second air stream stirred the water 
m the bath In order to prevent the possibihty of inter 
feronco with elcctncal measurements eleotnoal heatmg was 
avoided The tune elapsing between the pithmg of the frog 
and the commencement of the experiment with the vessels 


Measurement of pJi and resistance When measuring the 
p d across the mucosa it is desirable that virtually no current 
pass through it The p d recorded is then the e m f of the 
mucosa, and the mucosa is unaffected by the measurement 
Two potentiometers, both null instruments, were used m 
early expenmeats a Camhndge Electrometer Valve Poten 
tiometer 44230, and later a battery operated hlarcom pH 
meter and potentiometer Type TF611C The negative 
(secretory) side of the mucosa was connected to the gnd of 
a valve and the positive (nutrient) side to the cathode 
corcuit The valve m each of these instruments has a very 
high gnd cathode resistance, at least 10“ ft, so that the 
current through the mucosa was entirely negligible The p d 
was detemuned to ± 1 mV except m very early experiments 
when the accuracy was i 2 mV The resistance of the mucosa 
was determined by measurmg the p d between the two 
saturated KOI bndges when a small current was passed 
through thememhrane bymeansof the two zmo zme acetate 
electrodes By measuring the p d. between pomts near the 
mucosa the resistance correction was kept small, and by 
passing the current between electrodes covering the whole 
cross section of the tubes, uniform curreht flow was obtamed 
A potential divider provided currents from 0 01 to 10 ma 
(see Fig 3), which were measured by multiple range meters 

21 2 
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•with ranges from 0 1 ma up-wards Cahbration showed them 
to he accurate to 1 % (2 % for lowest range) The value of the 
correction for the resistance of the solutions was calculated 
and also determined e3:penmentally for each pair of vessels 

Estimation of acid secreted In early experiments the 
secretory solution was periodically removed and its acid 
content detennmed manometncally In later e^enments 
when a pH meter was available, the pH of the secretory 
solution was also measured tn situ as described above In 
the first method, a 6 mL sample of the secretory solution 
consistmg of 0 12jr NaCl together with any secretion, also 
0 12m, was placed m the mom compartment of a Warburg 
cup, and 0 5 ml of a solution contaming 0 02m NaHCOj 
and 0 10 m NaCl was placed m the side arm After eqmli 
bration •with 6% COj + 96% Oj at 25° the solutions were 
mixed and the output of CO, was observed This deter 
mmation, to about pH 6, was compared with those from 
control solutions of NaCl + HCl of total strength 0 12m, but 
of varying acidity This procedure is necessary because it 
has been found that CO, is less soluble m acid than m neutral 
solutions of eqm-valent concentrations (Davies & Longmuir, 
1947) The ‘isotomc’ NaHCO, was used to keep the blanks 
as low as possible 

The dry weight of the mucosa was obtamed by removing 
the tissue quantitatively from the hole m the perspex holder, 
•washmg m distdled water and drymg overmght at 110° The 
Gecs then calculated, and is given m /J /mg dry -wd /hr 

RESULTS 

Electrical properties of non secreting gastric mucosa 

Potential difference There -was a p d across aU of 
160 frog gastric mucosae, the secretory side bemg 
m every case negative (m an external circmt) -with 
respect to the nutrient side Each experiment lasted 
between 6 and 12 hr after the vessels containing the 
mucosa were mounted m the water bath, this instant 
bemg taken as zero tune Durmg the first 0 6 hr the 
p d between the secretory and nutrient sides usually 
mcreased m magmtude (Figs 6-8) We have found 
that after shght mechanical mjury to either side of 
the mucosa the p d was temporarily reduced m 
magmtude by 2-15 mV (eight experiments) The 
initial rise IS thus probably due to the decrease of 
mjury potentials resultmg from dissection and 
mountmg, eind we are not primarily concerned -with 
it m these experiments It occurred m seventy-two 
out of eighty -two experiments, the average mitial 
p d of the secretory side •was — 20 mV and the 
average maximum value — 32 mV After this peak 
thep d dropped shghtly and remamed rather steady 
for many hours m an untreated mucosa unless acid 
secretion occurred 

Tn mnety four experiments the steady p d varied 
between — 7 and — 50 mV , -with a mean value of 
^ 30 mV and a standard deviation of 9 mV There 
•was no significant difference between males (69) and 
females (26), nor between fastmg frogs and those 
actively digesting at the tune of pithing Nor ■was 
any correlation apparent -with the weight of -the 
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frog There was, however, a difference between 
summer and -wmter frogs, m spite of the fact that 
the latter were kept warm and accepted food From 
March -to June 1946 the mean p d across thirty 
seven mucosae was — 36 mV and the standard 
de-viation 7 mV , from September to February the 
mean p d across fifty -seven mucosae was — 27 mV 
and the standard de-viation 9 mV Mucosae of frogs 
which had been m captivity o\ er a month usually 
gave rather a low p d , and were m general less active 
than those of freshly caught frogs To overcome this 
difficulty frogs are now kept out of doors under 
natural conditions 

Resistance The resistance of 1 cm “ of thirty -rune 
mucosae varied between 90 and 310 D cm*, the 
mean value was 210 D cm * and the standard de- 
nation 60 D cm * Takmg the mean thickness as 
0 26 mm , these results give for the mean specific 
resistance of frog gastric mucosa 8 x 10* O cm and 
the standard denation 3 x 10* £I cm It should be 
noted, however, that m all cases the area used was 
that of the hole m the perspex holder. Smce the 
mucosa is essentially non-planar, these areas are 
minimum values, and represent between 0 6 and 1 0 
tunes the true area For this reason the umt of 
mucosa used m power calculations was not 1 cm * 
but 1 mg dry weight 

For both p d and resistance the standard de 
•nation was about 30% of the mean value No 
significant variation of the resistance for umt area 
or for I mg dry weight was observed with any of the 
variables mentioned m the last paragfaph but one, 
nor "With the area of mucosa used Mucosae -with 
a low specific resistance, however, never attamed 
such lugh rates of acid secretion as some -with high 
specific resistance (fifteen mucosae), and the magm- 
tude of the specific resistance seemed to give rather 
a good mdi cation of the ‘ sta-te of health ’ of a mucosa 
at any particular tune The imtial rise m p d was 
accompamed by a rise m resistance representmg 
about 20 % of its steady value (fifteen experiments) 
Injury to the mucosa reduced both p d and re 
sistance Death wasaccompamed by arapid decrease 
of the p d -to zero, and of the resistance to a small 
fraction of the hve value For mucosae killed by 
hydrochloric acid or hydrogen cyamde the dead 
resistance was 10-30% of the hve resistance, for 
mucosae kdled by heat (30 mm at 60°) not more than 
6% An mterestmg observation is the effect of 
lodoacetate Durmg 1-2 hr after its addition to 
0 0016m the p d was abolished and the resistance 
rose to about t-wice its normal value Subsequently, 
the p d remamed zero and the resistance dropped 
m 0 6 hr to the dead value 

Electrical power output An important observation 
IS the constancy of the resistance for currents below 
about I ma /cm * This was true for apphed currents 
both enhancmg and opposmg the natural p d , 



325 


HCl SECRETION AND ELECTRIC^ CHANGES IN MUCOSA 


and also for currents mamtavned by tbe e m f of 
the mucosa itself •when no other source of power 
was included in the circmt Results for one mucosa 
are shown m Fig 4 As m all other similar expen 
ments, the pomts obtamed -with an apphed current, 
and those obtamed when the mucosa itself provided 
the power, he on the same straight hne -withm 
experimental error , the mucosa obeyed Ohm’s Law 
Moreover, when the two sides were connected 
electrically (through the solution, agar, electrode 
and galvanometer resistances) a current was mam- 
tamedwithoutappreciablepolanjiation The greatest 
current observed when the mucosa was the only 
source of electncal power m the circuit was 0 07 ma 
This occurred "when the resistance m the oircmt 
apart from the mucosa (120 fl) was 460 Q The 
electncal power output of the mucosa was then 
(0 07)* X 680 fiW , -or 2 8 /iW The effective area of 
the mucosa was 1 8 cm * aUo'wmg for beUymg, and 


Electrical properties of some other pa^ of the 
gastfo intestinal tract 

Venous neighbourmg parts of the digestive tract 
^ of the frog ■were examined Across oesophageal, 
pylonc, duodenal and ileal mucosa (fourteen experi- 
ments) no p d was found comparable m magnitude 
ivith that across mucosa from the corpus of the 
stomach The highest p d observed was that across 
the pyloric mucosa, which m eight experiments gave 
an average of — 6 mV The other membranes had a 
meanpdof — 2mV (six experiments) In all cases, 
as m the corpus, the secretory side was negative 
With respect to the nutrient side The resistance of 
oesophageal, pylonc, duodenal, ileal and rectal 
mucosa was determmed m six expenmen'ts only all 
values were ■withm the range found for the corpus 
This IS also true of their specific resistance and 
resistance for 1 mg dry weight 



Pig 4 Relation between p d across a frog gastric mucosa and current through it 
X — X with mucosa as only sonrco of power, • — -• with external sonrce of power 


its dry weight 10 8 mg The greatest observed power 
output was thus 1 6 gW /cm * dr 0 26 /mg 
dry ■weight The magmtude of-the external re- 
sistance precluded the observation of a higher 
power output 

However, when sheets of mucosa were immersed 
in a beaker of nutrient salme solution at 25 0° the 
p d across them, measured between two pomts close 
to them, was mamtamed ■without polarisation at 
about one fifth of the open circmt value, so that the 
power dev eloped tv as 1 1 fiW This suggests that if 
the resistance external to the mucosa could be 
reduced to zero, the total electrical power, (p d 
across mucosa)*/resistance of mucosa, would be de 
T eloped In the case considered above this maximum 
poTT or TV ould bo 40*/120 (AY ,ie 13 This is also 
equal to (intercept on current axis)* x resistance of 
mucosa = (0 33* x 120) ^W' The ma^xunum power is 
thus < glV /cm * or 1 2 [AY /mg dry weight 


Expenmen^ts mth three rectal mucosae gave 
steady p d values of —8, —12 and —27 mV The 
muscle layer dissected off from frog gastric mucosa 
■was also mvestigated the p d across it was zero m 
aU of five experiments The resistance of umt area 
was measured m three cases, gi-vmg a mean of 
70 n cm* Smee the thickness was about 0 6 mm the 
specific resistance was 1400 D. cm , considerably 
lower than that of the gastric mucosa 

Experiments in the absence of oxygen 

Expenments oil mne mucosae have shoTm that 
an adequate supply of oxygen is necessary to mam- 
tam both acid secretion and the p d across the 
membrane Their mean pd Tvith an oxygen presWe 
oflatm was -27mV , this was reduced to -3mV 
when the oxygen was replaced by mtrogen (con- 
tammg from 0 3 to 0 6 % oxygen), and m four cases 
the p d fell to zero The abohtion of the p d was 


326 


E E CRANE, R E DAVIES AND N M LONGMDIR 


reversible, and recovery occurred m all cases on 
supplying oxygen, even after several hours of anaero- 
biosis The whole cycle could then be repeated using 
the same mucosa When the experiment was begun 
under anaerobic conditions, there was no imtial rise 
m p d , which instead feU rapidly to a very low value 
as the oxygen m the tissue became depleted Fig 6 
gives a typical curve for two complete cycles 


Pd 

(mV) 



Fig 6 FlflFect of anaerobioais on p d. 
across a frog gaatno mucosa 

The resistance of the tissue was mcreased m the 
absence of oxygen m both of two experiments by 
about 60% It feU agam to approximately its 
previous value on subsequent oxygenation The 
secretion of acid by the mucosa was inhibited con 
comitantly with the decrease m p d , and m no case 
was any hydrochloric acid produced anaerobicaUy 

Secretion of acid hy frog gastric mucosa 

In dealing with the secretion of acid by frog gastric 
mucosa it wUs found that the seasonal variations m 
the behaviour of frogs both presented problems and 
gave a wide range of material from which to choose 
In late sprmg and summer, about half the mucosae 
secreted acid spontaneously, and after the addition 
of histamme (6x10“'m) to the nutrient solution 
most others secreted acid Histamme also often 
mcreased the rate of acid secretion of spontaneously 
secretmg mucosae The had values up to 8 0 
In wmter, fewer mucosae secreted acid and none did 
BO spontaneously The average rate was lower than 
m summer, and the mmnmiim observed was 
4 6 There was a period m sprmg, however, when 
summer conditions were not yet fuUy established, 
and almost no mucosa secreted spontaneously, but 
aU did so after the addition of histamme, whenever' 
this was added (usually between 1 and 7 hr experi- 
mental tune. Figs 6-8) When spontaneous secretion 
occurred, it most often started at about 2 hr experi- 
mental tune In some wmter and sprmg mucosae 
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secretion stopped on the removal of histamme, and 
secretion could subsequently be remitiated by the 
addition of more lustamme 

We wish to mtroduce the term ‘secretive’ for a 
mucosa capable of secretmg acid, either spon 
taneously or durmg stimulation, whether this 
mucosa is actually secretmg or not The term *non- 
secretive’ is used,, for a resistant mucosa, le one 
which cannot be made to secrete acid even by the 
addition of histamme 

No acid secretion was detected m oesophageal, 
pylonc, duodenal, ileal or rectal mucosa (eight 
experiments) 

MekUion between potential difference, resistance 
and acid secretion 

The commencement of acid secretion, whether 
spontaneous or mduced by hist amm e, was accom- 
pamed by a drop m the p d across the gastric 
mucosa This drop also accompamed a histamme- 
mduced mcrease m the rate of secretion of a mucosa 

•V 

Pd 



Fig 6 P d and of a frog gastno mucosa 
Spontaneous secretion and effect of histamme 


already secretmg spontaneously (In Fig 6 spon- 
taneous secretion occurred durmg the mitial rise m 
p d 7 which masked the effect ) Th i s decrease m 
magmtude of the p d was usually higher for high 
rates of secretion than for low ones, being of the 
order of 10 mV for a mcrease of 2, or 17 mV for 
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a increase of 6 The effect was reversed, when 
secretion stopped, either spontaneously (Fig 6) or on 
removal of histamme (Fig 8), or by the addition of 
tluooyanate (0 012m) to the nutrient solution, which 
inhibited acid secretion (Fig 7) 



Fig 7 liffeot of higtamme and thiocyanate on p d 
and Qaa of ^ fmg gaatno mucosa 



Fig 8 Effect of addition and removal of histamme on p d 
of a (winter) frog gastno mucosa 


In Summer, acid secretion sometimes commenced 
spontaneously before experimental time 0 6 hr , and 
in some cases it contmued for periods up to 11 lir 


Fig 6 gives results for a spontaneously secreting 
mucosa m April, wluch also responded to histamine 
and secreted for 8 hr , the rate faUmg off after the 
third hour The maximum (over 1 hr ) was 7 6 
and the total amount of acid secreted 435 pi Fig 7 
shows results for a secretive mucosa m March, which 
did not secrete acid until histamme was added at 
experimental time 1 5 hr In this mucosa, aCid 
secretion was almost completely inhibited after 
I 6 hr by the addition of 0 012 m thiocyanate whicb 
does not inhibit respiration (Davies & Temer, 1948), 
and the p d rose at the same tune Fig 8 refers to 
a mucosa m December which responded twice to 
histamme, tke effect bemg reversed both tunes when 
the histamme was removed In this experiment 
nutrient salme was used on both sides of the mucosa, 
and the acid was not estimated 

The variation of the resistance of the mucosa when 
acid secretion commenced (or was stimulated by 
histamme) was followed m six experiments, four of 
which were concerned with the actual onset of 
secretion In aU cases the resistance rose while the 
p d fell, and the ffactional rise m resistance (a:) 
mcreased both with the fractional faU m p d (y) and 
with the aictual fall In three cases x and y were both 
below 15%, m two cases both were between 30 
and 40% and m the remaining case a:=20% and 
y=ll% X and y were thus of the same order of 
magmtude m each case 

Lhffuswn potenitals 

The possibdity was mvestigated that -the change 
m p d across the mucosa at the onset of acid 
secretion is partly a diffusion potential due to acid 
m the tubules of the mucosa Two types of experi- 
ment were earned out (o) The 0 12M-sodium 
chloride on the secretory side of a non secreting 
mucosa*was replaced by 0 12M-hydroclilonc acid, 
and after more than 10 mm this was replaced by 
0 12M-sodium cblonde, the p d changes bemg 
watched carefully durmg the second change over 
The 0 12M-hydrochlonc acid left m the gastno 
_ crypts by this treatment is hkely to take some 
imnutes to diffuse completely mto the new solution, 
and a p d level dunng this mterval comparahle with 
the p d after the onset of secretion would support 
the hypothesis stated above No such temporary 
drop was observed (b) A model was set up, 

Hg Hg.Cl, 1 sat K.C1 ] 0 12m NaCl ) ceUophan | 

sintered glass disk ) 0 12u NaCl ] set K.C1 ) H:g,C3, Hg, 
to represent the system 
Hg HgsClt 1 Bttt KOI I nutneat solution | 

musculans mucosae ) gl^ndnlans mnoosao J 

secretory solution | sat Kd j BgiCS, Hg 

When the secretory sodium chlonde was replaced 
by 0 12M-hydrochlono acid the p d changed im- 
mediately from 0 to — 20 mV and rose to — 32 mV 
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during the next 6 nain while tlib acid diffused 
through the sintered glass to the cellophan After 

6 lir the p d had fallen to —29 mV Vffien the 
hydrochloric acid was replaced by sodium clilonde, 
the p d feU witlim 6 sec to — 2 mV , and ne\ er 
changed sign, as would have been expected if the 
acid m the ‘tubules’ of the smtered glass caused 
as 3 Tnmetncal diffusion potentials In both these 
experiments care was taken to avoid momentary 
difiuBion potentials at the bridges by rjnsmg the end 
m saturated potassium chloride solution before each 
p d measurement m a new solution 

It was important to know whether, at the pH 
values of the secretory solution obtamed with 
secretmg mucosae, diffusion potentials were pro 
duced which affected the measured p d In six: 
experiments hj'^drochlonc acid solutions of pH 4, 3 
and 2 were used consecutivel 5 ^on the secretory side 
of a non secretmg mucosa m place off) 12 m sodium 
chloride In no case did a solution of pH 4 or 3 pro 
duce any change m p d greater than 2 mV , whether 
or not it was made isotomc by the addition of sodium 
chloride Hydrochloric acid (OOIm) produced no 
greater effect on mucosae when added witlun several 
hours of mountmg, but m some cases mcreased the 
magmtude of the p d by up to 20 mV when added 
after 6 hr experimental tune Tliese hydrocldono 
acid solutions had no effect on the p d of a secretmg 
mucosa 

In our experiments the pH of the secretory 
solution never fell below 3, moreover, when the 
secretory solution of a secretmg mucosa was replaced 
by fresh sodium chloride solution, there was no 
observable change m the measured p d The secretory 
solution was always replaced before its pH feU 
below 3, and m view of aU the above evidence it 
seems impossible to account for the p d changes 
durmg secretion on the basis of simple diffusion 
potentials 

DISCUSSION 


^ Sign of potential difference 


across gastric mucosa 


Previous workers, mcludmg Eosenthal (1866), 
Bohlen (1894), Biedermann (1896), Mond (1927), 
Rehm (1943, 1944) and TeoreU & Wersall (1946), 
found with the stomachs of a variety of animals 
that in an external circmt the secretory surface was 
at a negative potential with respect to the serosa, 
and that the p d dimimshed with the onset of acid 
secretion Delrue (1935) claimed opposite signs for 
the p d and its change on secretion , it is probable 
that he was considermg the direction of mtemal 
rather than external currents 


Injury potentials 

The rapid mcrease m the magmtude of the p d 
across the mucosa after mountmg is probably caused 
by the decrease of mjury potentials which are m the 


opposite direction to the natural p d The accom 
panymg mcrease m resistance is not great enough to 
account, by the reduction of local currents through 
the damaged edges as the tissue becomes stabilized, 
for more than a small fraction of tlie p d rise Injury 
potentials of dog stomach have been discussed by 
Rehm (1944) 

Relationship between potential difference, 
resistance and acid secretion 

Wlien acid secretion commenced, either spon- 
taneously or after lustamine, the magnitude of the 
p d fell by an amount greater for high than for low 
rates of acid secretion The experiments on diffusion 
potentials support the view that not more than a 
smaU part, if any, of this faUnan be due to a diffusion 
potential caused by the presence of hydrochloric 
acid either m the secretory solution or m the gastric 
tubules It IS clear from the data of Rehm (1944) and 
Relun & Hokm (1947) that the pH m the secretory 
chamber attached to an actively secreting dog’s 
stomach could fall from above 6 to 2 without any 
change m the p d across the stomach wall TeoreU & 
WersaU (1946) recorded only smaU changes m the 
p d across secretmg isolated frog gastric mucosa 
when the pH of the secretory solution was changed 
from 4 to 2 by the addition of hydrochloric acid 
They also noted that the secretory surface was 
‘insensitive towards the lomc composition of the 
solutions bathmg it ’ We also have found that wide 
variations m the lomc composition of the secretory 
solution had little effect on the p d across the 
mucosa Similar results have been obtamed by 
Rice & Ross ( 1 947), who have reviewed the hterature 
on this subject 

The rise m resistance which accompames the p d 
drop at the onset of acid secretion, and seems to 
be quantitatively related to it, suggests that the 
electrical structure of gastric mucosa is changed 
when acid secretion commences, and that the p d 
faU is due to more fundamental changes than super- 
imposed diffusion potentials WliUe many experi- 
mental procedures have been found which change 
both the resistance of hve frog gastric mucosa and 
the p d across it, none was found which affected 
only one of these TeoreU & WersaU (1946) recorded 
a nse m both p d and resistance of isolated frog 
gastric mucosa between the tune of mountmg and 
the commencement of acid secretion about 1 hr 
later They did not, however, differentiate.between 
the mjarj"^ effects due to mountmg and changes 
accompanymg the onset of secretion 

When acid secretion finished, either spontaneously 
or as a result of the addition of thiocyanate (0 012m) 
the magmtude of the p d rose agam towards its 
previous value Davies & Temer (1948) found that 
at this concentration thiocyanate had no effect on 
the rate of oxygen uptake of isolated frog gastric 
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mucosa, and that it neither prevented nor abolished 
the mcreasedrate of oxygen uptake due to 6 x 10 
histamine In one experiment, "when histamme was 
added to the nutrient solution of a secretive mucosa 
which already contamed 0 01 m thiocyanate, the 
magnitude of the p d mcreasfed by 6 mV 

On the other hand, when both the cyanide 
sensitive respiration and acid secretion were 
abolished by 0 001 M cyamde, the p d feU to zero 
and the resistance fell to 10-30 % of the original 
value During anaerobiosis both respiration and 
secretion were also absent, but, whereas the p d fell 
rapidly to zero, the resistance mcreased by about 
60 % On subsequent oxygenation the p d and 
resistance returned to their previous values even 
after several hours of anaerobiosis Both Rehm & 
Hokm DOU) and Bice & Ross (1947) found that 
the p d across a dog’s stomach wall was dependent 
upon an adequate oxygen supply to the tissue No 
workers have recorded acid secretion m the absence 
of respiration or a p d across the mucosa 

Our results further show that the dead/hve re 
sistance ratio for isolated frog gastric mucosa may 
be considerably greater than for other active 
biological material for which information is avail- 
able C!ole (1947) gives the value for the dead/hve 
membrane resistance of cells as a fraction of 1 % 
Bhnks (1930) found that the dead/hve resistance for 
Valoma venincosa ceUs was 1 or 2 % The highly 
active oxyntio cells m gastric mucosa may, however, 
have a different dead/live resistance ratio from the 
whole tissue 

Potential difference and and secretion oj other 
regwne of the gastro intestinal tract 

The p d across the oesophageal, pyloric, duodenal 
and ileal walls, and across the muscle layers dis 
sected off the corpus of the stomach, was found to be 
small or zero and unaffected by histamme It is of 
interest that of these regions only the acid secretmg 
mucosa had a high p d , and that the p d was 
affected by histamme only if it was secretive 

Experiments on rectal mucosa are bemg extended, 
and ivill be discussed m a later paper It should be 
borne m nund m connexion witfi the appreciable p d 
of this tissue (mean of three experiments — 16 mV ), 
that frog gastric mucosa, frog skin (winch shows an 
o\ on higher p d ) and frog rectal mucosa are aU 
tissues concerned actively ivith water transport The 
last tuo membranes transport an approximately 
neutral solution in the same direction as their 
oxtomal positii o p d , whilst gastric mucosa secretes 
an acid solution in the opposite direction to its 
oxtomal positi\ o p d 

In frogs, pepsin is largely or entirely secreted by 
thooesophagus (seoEnedmon, 1937) InFnedman’s 

( 1 934) oxpenmontswth frogs the brain was destroyed 

and 'one third of the way up from the pylorus the 


stomach was divided to form a pylonc portion and 
a cardiac portion’ He found that when either the 
cardiac or pylonc part was stimulated with glass 
beads, acid was formed only in the pylonc region 
No figures were published to support this claim 
Using the teohmque described above, we have shown 
beyond any doubt that the corpus of the stomach 
produces acid, and have also failed to detect any 
acid secreted by the pyloric mucosa of a stomach 
whose corpus secreted acid Fnedman (1934) used 
Sana escidenta, and we have confirmed that m this 
species too acid is secreted by the corpus region of 
the stomach 

Electric power produced by isolated frog gastric mucosa 

Donnd (1834) first raised the question as to 
whether the electric currents observed m the 
stomach could do useful chermcal and meehamcal 
work Brucke (1869) suggested that the electro- 
motive forces m gastnc mucosa may enable it to 
send an acid flmd towards the secretory surface and 
a basic flmd m the opposite direction In 1872 
Engehnann published experiments which are of 
mterest m connexion with these suggestions He 
studied the secretion of the glands m frog skm by 
drying the skm and observmg microscopically when 
it became wet agam Although he did no quanti- 
tative work he showed that the glands secreted only 
when an e m f could be detected, and that various 
agents which abolished the e m f also abolished 
secretion He suggested that the glands m the 
skm produced then secretion by electroendosmosis 
(Engehnann, 1872) Smee then there has been much 
speculation, but imtd recently very httle experi 
mental evidence has been published, and this is more 
suggestive than conclusive Some of the work has 
been reviewed by Keller & Righa (1947) 

Recently evidence has accumulated which sup 
ports the h 3 rpothe 8 is that electncal energy Is utflized 
m the production of acid by the stomach It has been 
found that the rate of acid secretion of gastnc 
mucosa can be mcreased by passmg through it an 
electric current which enhances the natural p d ,and 
decreased by a current m the opposite direction 
(Rehm, 1946 (dogs). Crane et al 1946, Crane & 
Davies, 1947 a (frogs)) It has also been found that 
gastnc mucosa can mamtam an electncal power 
output without appreciable polarization (Relim, 
1943, Crane eial 1946) The greatest observed power 
output of the frog gastnc mucosa considered above 
(p 325 and Fig 4)was0 26 pW /mg dry weight, and 
the power output expected with zero external re 
sistance was 1 2 pW /mg dry weight Danes & 
Longmuir (1947) found the average of fifty non- 
secretmg isolated frog gastric mucosa to be 2 1 If 
we take as a first approximation the usual value of 
0 005 cal /pi oxjgen for the oxidation of glucose 
(Brodj, 1945), the average rate at which energy is 
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liberated m non secreting frog gastric mucosa by- 
glucose oxidation is 0 0060 x 2 1 cal /hr /mg dry 
weight, or 12 fiW /mg dry weight (1 cal /hr = 1 16 x 
10^ [iW ) TJsmg this value for the mucosa discussed 
above, the greatest electrical power output observed 
represents 0 26/12 , 1 e 2 % of the metabohc power, 
which with zero external resistance would be m- 
creased to 1 2/12 , 1 e 10% 


mately 10 %) m mamtammg an electric current This 
refers -to a non secretmg mucosa and, smce the p d 
IS lower and the resistance lugher durmg acid 
secretion, less power is then available to drive a 
current round an external circuit This may be 
because electric power is bemg used internally to 
produce acid The maximum electric power output 
of the mucosa considered earher (p 326), which was 


Table 1 Production of maintained electric power by vanoue living tissues 


Author 

Matenal 

Tempera 

ture 

Approxi 

mate 

pd 

across 

membrane 

Greatest 
observed 
current 
density 
m active 
membrane 

Greatest 
observed 
electncal 
power 
output of 
active 
membrane 

Greatest 

observed 

electncal 

power 

ontnut of Electncal power 
active Metabohc power 
membrane (Author’s 
(uW /me ficure) 

CC) 

(mV ) 

(ma /cm “) 

(;iW /om *) 

dry -wt ) 

(%) 

Blinks (1933) 

Hahcystis cell 

26-30 

70 

0 01 ma /cell 

0 7 pW /cell 



■ 

Francis (1933) 

Isolate fing skin 

20 

— 

0 015 

2 6 

06 

6-10 

Stapp (1941) 

Isolated frog skin 

26 

40 

0 02 

08 

0 16 

1-2 6 

Eehm (1943) 

Dog stomach 

39 

CO 

0 16 

89 

034 

2-4 6 

Crane eifol 

Isolated frog 

26 

40 

004 

1 6 

0 26 

2 


(this paper) gastno mucosa 

At least five workers besides ourselves have deter 
mined the electrical power output mamtamed by 
hvong tissue, and some of the results are collected in 
Table 1 (The specialized tissue of electric organs of 
some fishes is excluded firom the present discussion , 
the current vanes rapidly and widely durmg a tram 
-of discharges ) All the results m Table 1 refer to 
experiments m which the two sides of the membrane 
were connected electncaUy through a oircmt of 
fairly low resistance, ap.d the current densities cited 
were mamtamed without appreciable polanzation 
Throughout, the power produced was hmited by 
the external resistance, which differed m each case, 
imd a higher power would bo expected with zero 
extemalresistance The last column gives an approxi- 
mate value of the ratio greatest observed electncal 
power output/estimated rate at which metabohc 
energy is hberated (the efficiency of the process) 
Whilst some of the figures m this table are based on 
mcomplete data, it is of mterest that the efficiencies 
are of the same order of magmtude Lund & Stapp 
(1947) have recently published a senes of results for 
frog skm, which give efficiencies (electrical power/ 
metabohc power) of 1-2 % 

From a comparison of the structure, the p d and 
resistance of nearby regions of the gastro mtestmal 
tract, and from the relations prevnously descnbed 
between the electncal properties of gastric mucosa 
and acid secretion, it seems hkely that most, if not 
all, of -the p d across this tissue is due to the oxyntic 
cells, but that then resistance is only a small part of 
the whole 

It IS remarkable that a gastno mucosa can expend 
sucha large fraction of its metabohc energy (approxi- 


nofc secretmg acid, could support a of the order 
of 2, 1 e about one quarter of the maximum 
observed m frog gastno mucosa The relationship 
between the electncal energy and the energy used m 
secretion -will be discussed elsewhere It should be 
noted that more metabohc energy is available -to the 
oxyntic cells durmg acid secretion because the rate 
of respiration is mcreased (Davies, 1948) 

A SUGGESTED ELECTBON OXCILE MBOHAOTSSI OF 
HYDBOOHLOBIO AOrD TBODUOnON 

Golgi (1893) found that the mtraceUular canahculi 
form a network just below the surface of the oxyntic 
cells (shown schematically m Fig 96) Bradford-&; 
Davies (1948), usmg mdioators, demonstrated that 
these canahcuh contamed acid durmg acid secretion, 
thus showmg that the acid is formed m the region 
between the canahcuh and the external cell waU 
(pencanahcular zone) 

Chemical processes involved 

The fundamental overall reaction concerned m 
hydrochloric acid production (Davnes, 1948) is 

HsO-vH+-fOBr, (1) 

and evidence has been presented m this paper and 
previously (Rehm, 1943, 1945, Crane et al 1946, 
Davies et al 1947, Crane & Davies, 1947 o) which 
supports the theory that some of the energy avail 
able from metabohsm withm the oxyntic ceUs is 
utdized m an electrochemical process which results 
in the net separation of the electrically charged H 
and OHT 10 ns 


o 
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We suggest that the cychc mechanism described 
m the foUovmig paragraph, and shown m Fig 10, is 


Accordmg to our hypothesis two coupled systems 
of enzymes are mvolved (a) to transport H atoms 




Fig 9 a. Diagram of gaatno tubule showing lines of current flow across and m the mucosa due to its own e m f Three 
oxyntio cells shown 6, Diagram of single oyyntio cell enlarged from a showing network of canahcuh Sample 
cross section of pencanahoular zone enclosed in rectangle 


Canaliculus 


H+- 


Perlanallcular zone 

Aerobic metabolism- ^energy + COj + HjO 

I 
/ 

H atom transport system 
H -e -« -s H 


Cell Blood or other 
wall nutrient solution 


cr 


(W) 


I /some ^ ^elearon 

1'^^^^' transport system 


-cr 









To gastric 
tubules and 
lumen of 
stomach 


H,0 


Pig 10 Suggested electron (^cle mechanism of HCl production in the pencanalicular zone of osyntio cells (enlaiged 
from Fig 96) This schematic diagram is not drawn to scale, the H ahim and electron transport ^sterns probably 
occupy only a small fraction of the space between the canahcular and cell walls 


opomtiv o The overall reaction is that which occurs 
w hon the woU known cell 

hj drogen ] OH" aq H'*' aq ) hydrogen 

(SCO MacDougall, 1939) is-resersed by a source of 
power (Davies ci al 1947) 


(electrons -h protons) across the pen canahetdar zone, 
and (6) to return the electrons to the starting pomt 
near the cell wall Energy denied from aerobic 
metabolism drives a system composed of a senes 
of dehydrogenatmg enzjmies (a) whose prosthetic 
groups (such as coenzymes I and II) send H atoms 
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tlirough the pericanahcular zone, thns maintaining 
a very low H atom concentration at the side nearest 
the cell waU and a very high H atom concentration at 
the canalicular wall The electrons are returned by 
a coupled cytochrome or cytoclirome like system ( 6 ) 
(e g Fe++ Fe"*"*"*') oriented across the zone A umt 
cycle can now be described A ion formed from 
water near the cell wall oxidizes a Fe"'”'' to a Fe''”*"*' 
ion, and by acceptmg the electron becomes a H 
atom The atom is transported to the region of higli 
H concentration at the canahcular wall, this ender 
gome process bemg coupled with energy givmg 
reactions The H atom then reduces a Fe"'"^'*' to a 
Fe++ ion, the resultant H"*" ion passes mto the 
canahculus together with the Cl~ ion released by 
reduction of the Fe"'"'"’' ion The electron from the H 
atom is returned to the region of low H concentration 
near the cell waU by the potential of the Fe‘'”*'-Fe''"''''‘ 
system, and passes round the cycle agam Valency 
reqmrements are satisfied by the passage of a Cl~ ion 
across the system m the opposite duection to the 
electron (cf Lundegfirdh, 1946) The overall result 
for each electron cycle is thus reaction ( 1 ) with the 
transport of one CF ion 

^ Previous work has shown that the residual OH~ 
10 ns from the water react (via the cytoplasmic 
buffers) and are converted by carbon dioxide from 
mtemal and external sources mto HCO 7 ions 
(Daines, 1948, Davies & Longmuir, 1948), this pro- 
cess bemg catalyzed by carbomc anhydrase (Davies 
& Roughton, 1948) It is clear, therefore, that tins 
cj'chc mechanism mvoh es no net transfer of charge 
through the acid-secretmg oxyntic cells or across the 
'mucosa at the cell wall CF 10 ns exchange with 
HCO 3 10 ns, and at the canahcular waU H"*" and CF 
ions are secreted (cf Davnnport, 1946) 

Effect of histamine The action of histamine could 
be explamed by the assumption that it takes part 
as a link m the H atom transport system of the 
electron cycle by the tautomerism or resonance of 
its rmmazole rmg A similar role for histidme has 
neen suggested as part of the mechanism of cyto- 
cluome c activity (TheoreU, 1947) The work of 
HaUenbeck, Code & Gregory (194-7) supports the 
mew that agents stnnulatmg hydrochloric eicid secre- 
tion act finaUy through histamme (cf Babkm,d944) 
Crane & Davies (1947 h) have calculated that m 
order to form 1 mol of hydrocliloric acid under the 
conditions obtauung m frog oxyntic cells, the system 
must be supphed with* about 1 0 x 1 (P cal of free 
energy^ (a few hundred calories more are required m 
mammahan oxyntic cells) Lipmann (1941) and 
Meyerhof (1944) have calculated the free energy 
released by the hydrolj'sis of high eilergy phosphate 
bonds For ATP they found c 10,000 and 12,000 cal / 
mol , respectively It is mterestmg that the sphttmg 
of one such bond might thus be able to energize one 
uni t electron cycle and thus produce one H'*' ion 


Electrical processes involved 

Potential differences in oxyntic cells the postulated 
electric circuits wnthm the mucosa are shown 
schematically m Fig 11a and 6 , which represent a 
sample cross section of thomucosacontammgasingle 
secretory umt m the pericanalicular zone of an 
oxyntic coll E is the e m f w hicli maintains the p d. 
measured m our oxperunonts 



Fig 11a 



Nutrient 

side 

+ 

Direction of 

applied enhancing 
current 


Fig 116 


Fig 11 Suggested electno oircmt diagram within sample 
cross seotion of gastno mucosa Enclosed portion repre 
sents the penconahcular zone of the smgle oxyntic cell 
considered a, Non secreting mucosa (showing external 
current) 6, Acid secretmg mucosa E = emS of pen 
canahcular zone Jfj=mtemal resistance of pencanah 
cular zone JS,= mucosal resistance m senes with ifj 
Jfp=resiBtance of rest of sample cross seotion of mucosa 


Smee the pH difference across thcjiericanahcular 
zone of a frog oxyntic ceU secretmg 0 12 m hydro 
chloric acid is c 6 3 (calculated from Davies & 
Roughton, 1948), the p d between the two sides of 
this zone, measured with respect to a reference 
electrode, must be about 370 mV This p d is 
measurable by electrodes sensitive to H'*' 10 ns only 
(e g glass electrodes) Smee the p d occurs across 
a distance not greater than 1 p (Fig 96), the electric 
field IS at least 3700 V /cm between the canahculus 
(positive) and the cell wall (negative) If the 
hypothesis presented above be true, this p d due to 
the pH difference dunng acid secretion must be 
more than compensated by that due to the difference 
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jn H atom concentration Assunung that the H 
atoms are in equihbnum ivith hydrogen molecules, 
then electrodes sensitive to both Hj and ions (i e 
hydrogen electrodes), if used together with a refer- 
ence electrode, would detect a p d m the opposite 
dnection, from cell wall (positive) to canahculus 
(negative) On this hypothesis the ratio of the 
eqmvalent hydrogen pressures must he more than 
= (see MacDougall, 1939) ^ Such ratios 
certainly occur withm hvmg cells (Hewitt, 1936, 
BaU, 1942) 

There has been controversy (see Korr, 1939) as to 
whether reddk potentials can be the direct source of 
bioelectric potentials measurable with non metaUio; 
1 e, calomel, electrodes This has been resolved by 
~ Korr (1939), who pomted out that the redox 
potential of the following system can be observed by 
calomel electrodes 


tissue (Fig 9o) Experiments are m progress m an 
attempt to determme whether the current consists of 
Cl~ ions alone, as m the system 
Aq 


Ag AgCl I Cl- 


ci~ cr 
+ + 


CrjAgCl Ag 


Anion exchange ream 
_J I ^ p 


or whether cations move m the opposite direction 
In this latter case the mucosa must be able to move 
cations such as H'*', Na'*', etc , from the secretory 
to the nutrient side 

Potential differences observed In our present 
techmque we measure the p d across the whole 
mucosa, with saturated calomel electrodes con 
nected to the nutrient and secretory solutions by 
saturated potassium chloride bridges It seems 


MetaUio 

membrane 


Hg Hg.Cl, 


KCV 

1 Fe++ 


sat 

Fe+++ 

u 


Fe++ 


Ka 


[Fe+t] > [Fe+++] 


01- 


I Bat 

tPe++]=[Fe+++] 

01- — ’- 


HgjCl. Hg 


and that if a system able to transfer electrons existed 
m the cell (as we postulate for the oxyntic cell) then 
redox potentials could be manifested as faioeleotno 
potentials Stiehler & Elexner (1938), usmg m- 
dicators, measured the difference m redox potential 
in the choroid plexus and found it to he 230 mV with 
epithehum positive to stroma Similar results were 
obtained by Fnedenwald & Stiehler (1938) for the 
ciliorj' body It is of mterest that, on the basis of 
these and other results, they suggested that these 
redox potentials can do secretory and electrical work 
Production of current by tissue The production of 
electnc power by hvmg tissue is a major problem m 
itself If the secretory umte m the pencanahcular 
zone of the oxjmtic cells function by the mechanism 
proposed above, they do not produce a current when 
actually secreting acid, but can do so when there is 
no net production of H+, OR- (and hence HCOj ) 
ions In this case the H transport system is modified 
and the H'*' ions, instead of passmg mto the canah- 
culus, return and react with OH ions to re form 
vator Tins part of the hj'pothesis is very similar to 
tlio ‘osmotic diffusion pump’ theory published by 
Franck &, Major (1947) 

The transport of Cl ions by the non acid secreting 
coll imoKes a not transfer of charge, the circuit 
being completed bj conducting pathways inside and 
outside the mucosa It can bo observed as an electnc 
current through a circuit external to the mucosa, in 
a Inch the nDgati\e sign of the secrotorj'' side is 
detennined the morphological structure of the 


likely that the average value of 30 mV observed 
across non secretmg mucosa is less than the average 
p d across -the pencanahcular zones theoretically 
observable with calomel electrodes, because of con 
ductmg pathways withm the mucosa (see Fig 1 1 o) 
For reasons already given, we consider it probable 
that the redox potential of the or srnular 

system which transfers the electrons is the source of 
this p d across the pencanahcular zone Each 
secretory unit contnbutes to the p d measured, and 
there are probably of the order of 10’’ secretory 
umte in eac^ cm ’ of frog gastnc mucosa (Crane & 
Davies, 19476) This figure is based on the known 
structure and activity of the tissue, and on an 
assumed turnover number of lO’ H'*' lons/secretory 
umt/mm (see McHwam, 1946) As each secretory 
unit commences to secrete acid (Fig 116), then 
according to the hypothesis there is no longer any 
net transfer of charge through it, i e it is unable to 
produce a current Smce fewer non secretmg imits 
are now available to mamtam the p d across the 
mucosa, whilst the other conductmg pathways 
remam, the p d obsen, ed externally should fall as 
more and more secretory imits start to produce acid 
The experimental results show that such a faU m 
pd occurs As previously6uggested,m the secretmg 
unit the mtemal electron current, the magmtude of 
which 13 affected by the mcreased metabohc activity 
of the oxyntic cell, is effective m elaboratmg the acid 
secretion, but for reasons given above does not 
produce a p d across the mucosa 
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Changes in dccinc resistance In non-socreting 
unite the production of a CF ion is believed to bo 
concomitant with the transfer of an electron across 
the Ee''~*'-Fe'*"'"^ system Since during the remainder 
of tlie electron cycle there is no not production of 
H'*' 10 ns, the process is likely to have a low energy 
requirement and be easily mcroasod or decreased by 
externally applied electric p d , 1 e the non ocid- 
secretmg umt wiU have a low electric resistance As 
has been discussed above, the acid socrotmg imit 
produces hydrochloric acid but not current os a 
result of the cychc movement of electrons The same 
externally apphed electric p d can now send very 
httle current through the secretmg unit, because the 
CF 10 ns forming the current must be forced across 
the Fe’^-Fe'*'"*"'" system mdopendently of, and in 
addition to, the electron cycles Thus the obser- 
vation of an mcrease of electric resistance of the 
mucosa on secretion is m accordance with the 
hypothesis 

Effect of applied currents The mcrease m the rate 
of acid secretion by the action of apphed direct 
electric currents enhanemg the natural p d and the 
decrease by opposmg currente (Crane et al 1946, 
Davies et al 1947, Crane & Davies, 1947 a, Relim, 
1945) has been mentioned earher On the basis of 
our hypothesis an apphed p d from cell waU 
(positive) to canahculuB (negative) could act m two 
ways, by assistmg the return of electrons m the 
Fe''”*' Fe'^'*"*' or sirmlar system, and by assistmg the 
removal of newly formed 10 ns from the canaU- 
cular end of the H transport system, thus speedmg 
up their formation accordmg to the law of mass 
action It seems likely that the effect of the apphed 
p d on the Cl~ 10 ns would be approximately 
balanced by its effect on the HCOJ 10 ns traveUmg 
m the opposite direction An opposmg current 
would have an effect on the system opposite to that 
of an enhanemg current A quantitative account of 
the effects of apphed current wdl be given m a 
subsequent paper 

An inorganic system which can piroducc hydro- 
chloric acidhy an electron cydemechantsm A ‘model’ 
of the oxyntic cell has been made which can carry 
out many of the reactions beheved to occur m the 
hnng ceU 

The system contama Wo units A and B Unit A consists 
of Wo beakers of dilute NaCl solution (1 and 2) connected 
by a NaCl bndge and an inverted U tube, containmg H„ 
covering Wo bent Pt black electrodes A stream of CO* 
bubbles tbrougb solution 1 The pH of each solution is 
measured intb glass electrodes and the whole unit is placed 
on a small trolley which can move to and fro and, by pro 
duoing waves, cause the NflCl solutions and the H, to cover 
the Pt electrodes alternately Umt B consists of two 
beakers, one of FeCl^ (3) and one of Feds (4) connected 
by an mverted U Wbe packed with the chloride of an 
anion exchange ream (De-acidite B) which can pass a 


current consisting nrtually of Cl" ions only Pt black 
electrodes connect the solutions with those of umt A 
A battery can bo connected aeross unit B 



Fig 12 Diagram of an morgamc eystem which can prodnee 
HCl by an electron cycle mechanism 


The reactions m umt A are 

Ini, 2H+ + 2e-^2H-vHt 

20H''-1-2C0s-5-2HC03 
In 2, Hj,-e.2H+ + 26 

Na"*" ions migrate from 2 to 1 and Cl~ ions from 1 to 2 
In umt B the reactions are 

In 3, 2Fe++ 2Fe+++ + 2e 

In 4, 2Fe+++ -f- 2e -i- 2Fe++ 

Cl' ions migrate from 4 to 3 

The fundamental overall electron cycle is thus 


2H+ 


In this model the reactions stop when the p d due 
to the pH differences m umt A counterbalances the 
redox potential of umt B It seems probable that -- 
m the oxyntic ceU this process is driven by the 
differences m hydrogen atom concentration mam- 
tamed across the secretmg umt it is techmcally 
easier m this model to drive the process by the 
‘electron pressure’ difference across the Fe'^-Fe' ' ' 
sys tem which can be recharged with a battery The 
maximum concentration of hydrochloric acid obtam- 
able by passmg current through umt A is about 
twice the concentration of the salts mitiaUy present 
(] 54 'a+ ions imgrate to 1, 01 ions to 2) Startmg from 
physiological sahne solutions, this umt can produce 
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acid at any concentration claimed for the primary 
acidity of oxyntio cell secretion (see Babkm, 1944) 
Tins IS taken to support the electron cycle mechan 
ism of hydrochloric acid production 

Phenomena accounted for hy the clcclron cycle 
Tiiecliaiiism This electron cycle mechanism thus fits 
the foUowmg O'qierimental observations on gastric 
mucosa the secretion of H"'', Cl 'and HCO, ions, 
the relations between > Qo, *3co, » 
action of histamme and of carbomc anhydrase , the 
p d across the mucosa and its sign, the decrease 
of p d and mcrease of resistance on secretion, and 
the correlation between both Qhci resistance 
changes with p d changes , the mamtenance of an 
external current by the mucosa, and the effect of 
enhancmg and opposing currents on acid secretion 

SUMMARY 

1 The potential difference (p d ), resistance, 
electncai power production and rate of acid secretion 
of isolated frog gastno mucosa were measured with 
an apparatus which is described 
_ 2 The secretory side of firog gastric mucosa was 
negative with respect to the nutrient side m hn 
external erremt Durmg acid secretion the p d was 
decreased and the resistance mcreased 

3 Anaerobically the resistance mcreased and both 
p d and acid secretion were abohshed 


4 The mean pd across mucosa from the corpus of 
the stomach was —30 mV , rectal mucosa — 16 mV , 
pyloric mucosa — 6 mV , oesophageal, duodenal and 
deal mucosa — 2 mV 

5 The rise of p d after mountmg the gastric 
mucosa was probably caused by the decay of m]ury 
potentials Experiments suggest that the fall in 
p d on secretion was not due to diffusion potentials 
between the solutions bathing the mucosa 

0 Unstunulated frog gastric mucosae could send 
a current round an external circuit, produemg a 
mamtamed electrical power output of the order of 
1 [iW /mg dry weight without appreciable polari- 
zation About 10% of the metabolic energy was 
thereby canabzedmto electrical energy This is taken 
to support the theory that secretmg mucosae pro 
doce hydrochloric acid by ah electrochemical 
mechanism 

/ 7 Based on the foregomg and other results, an 
electron cycle mechanism of acid secretion is sug- 
gested, m which BL atom and electron transport 
systems are coupled to produce a net separation of 
H'*' and OH“ ions m the pericanalicular zone of the 
oxyntio cells Tlie energy required is obtamed from 
aerobic metabolism 

Wo wish to thank Prof H A Eroba, P-R S , for his 
encouragement and interest in this work. 
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The Effect of Electric Current on HCl Secretion 
by Isolated Frog Gastric Mucosa 
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Department of Biochcimstry, The University, Sheffield 
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{Received 9 February 1948) 


Hoffmann (1889) was one of the first workers to 
mamtam, on the basis of animal experiments, that 
stomach secretion was mcreased by direct current 
Many confused and contradictory results have smee 
been published Claims have been made that direct 
current affects the motor but not the secretory 
activity of the liuman stomach (Schawerm, 1937), 
the motor and secretory activity (Kirstner, Gorm 
stem & Rudoy, 1931), and that it has no effect at all 
(Goldschmidt, 1896) All this early work can be 
criticized as insufficiently controlled The secondary 
effects due to vagal stimulation, when the currents 
were large enough, were not separated from any 
direct action on the oxyntic cells 

Recently, Rehm (1946) has shown by controlled 
experiments on the stomach of a live dog that current 
passed through the waU of a secretmg stomach from 
mucosa to serosa decreased the rate of secretion of 
hydrochloric acid, but that current passed from 
serosa to mucosa mcreased the rate of acid secretion 
In a non secretmg stomach, acid production was not 
imtiated by passing electric current through it m 
either direction 

These results became available to us durmg our 
mvestigationmto the possibihty that gastric mucosa 
could utihze electrical energy presented to it fi:om 
external sources Smee acid secretion m firog gastric, 
mheosa I S accomnamed by a change m the electrical 
potential difference across it . it seemed possible that 
the rate of secretion might be affected when this p d 
15 changed by nassmg a current through the mucosa 

The experiments described m this paper show that 
QUEEg nts enhancmg the natural p d of isolated frog 
gastno mucosa mcreased the rate of acid secre- 
tion and sometimes e ven mitiated it ^ Currents m 
the opposite direction decreased the rate of acid 


s ecretion The effect was specific to secretive gastn c 
mucoBof i e mucosa winch is cap ab le, of secret ing 
hydrochloric acid (either sponta neonsl y nr by stim u 

'S Davies, 1947) Tlie significance of the experimental 
results IS discussed 

A part of the present Work was commumcated to 
the Biochemical Society (Crane, Davies A Longmuir, 
1940) 

EXPERIMENTAL 

The materials, apparatus and methods used durmg these 
experiments were similar to those previously described by 
Crane, Davies & Longmuir (1948) Three speoies of frog 
{Sana iemporana iemporaria L , iJ esevdenta L and R 
esculenta ndibunda Pallas) and toads (Bufo bufo bufo L ) 
were used 

Frog or toad gastno mucosa was mounted m a perspex 
holder held between two ohambers at 26° The Q^^i of 
mucosa (m pL/mg dry wt /hr ) was estimated from changes 
m pH of the secretory solution measured tn situ In most 
experiments it was also found by ohanging the secretory 
solution and estimatmg the acid content of the samples thus 
obtamed either manometncally by the addition of a bicar 
bonate solution, or by electrometno titration nsmg a glass 
electrode and 0 01 n NaOH delivered from a Conway 
burette 

Owmg to the buffering capacity of the relktively laige 
amount of muons secreted by frog gastno mucosa, the HCl 
concentration determmed from the pH of the secretory, 
solution may be considerably less than the total concen 
tration determmed manometncally or by electrometno 
titration (of Davies <k Longmuir, 1948) In cases where 
only a pH determination in situ was made the value of the 
aoid concentration was corrected for this buffermg effect 

The p d. across the mucosa was measured with a battery 
operated Marcom pH meter and potentiometer Type 
TF 611 G, using saturated calomel electrodes and saturated 
KOI bndges with mtemal ground glass ]omts, which dipped 
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into the nutnent ond secretory solutions Current "was 
passed through the mucosa by means of zmc zmo acetate 
electrodes separated from the solutions bathing the mucosa 
by the agar layers previously described (Crane ei al 1048) 
The resistance ■was ohtamed from the slope of the p d 
current graphs a correction bemg made for the resistance of 
the solution 

The order of procedure was ns follows after the p cL across 
the mucosa hod become steady, current -was passed through 
the mucosa, usually for penods bet-ween 0 6 and 1 hr , 
alternating -with 0 6 hr rest penods -when no current was 
passed So that the natural nse and fall of the Qho should 
not be mismterpreted as the result of apphed currents, 
different directions and magmtndes of the currents -were used 
m vanons orders m consecutive expenments Errors m the 
determmations of the change m ® current rvere 

m general less than ±0 2 except at low rates of secretion, 
when accuracies up to ±10~* were obtainable Currents 
used were usually those gi'ving densities of 0 40 and 1 0 ma / 
cm ' of mucosa 

BESULTS 

It has premoualy been sho'wn (Crane ei al 1048) that 
the seoretory side of isolated frog gastric mucosa is 
negative -with respect to the nutnent (submucosal) 
side, the meanp d suiross the mucosa bemg — 30mV 
Currents p assed through the membrane from nutnent 
to seoretory side moreased the magmtude of the p d 
across it and are called enhanomgcQrrents Currents 
passed m the opposite direction are called opposmg 
currents A smaU. opposing current decreased the 
p d across the mucosa , on mcreasmg the opposing 
current the net p d became zero and finally m- 
creased m the opposite direction This is sho'wn m 
Fig 1 , m which the p d across the mucosa is plotted 

P d icross 
mucosa 
(mV) 
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Fig 1 BelatioiiBhip between p d across an isolated frog 
gastno mucosa and current density m it (Slope of ourvo 
at any point = resistance of 1 cm * of mucosa.) 

against the apphed current density for a typical 
frog gastno mucosa The characteristics of this curve 
will be discussed elsewhere It is shown here 
because it formed the basis for the choice of current 
densities used , 0 4 ma /cm * was usually below and 
1 0 ma /cm * usuaUy above, the value at which the 
Biocbcm 1948, 43 
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change m slope occurred (breakdo'wn current 
density) Current densities below this breakdown 
value produced no detectable irreversible change m 
the mucosa Current densities just above the break- 
do'wn value seemed to be the maximum compatible 
■with subsequent normal functiorung of the mucosa 

Gastno mucosae from 28 frogs and 2 toads were 
used m these experiments, durmg wluch current was 
passed for eighty-foiur separate penods Com- 
parable quantitative data were obtamed for sixty- 
one of these penods Control experiments, which 
have been described elsewhere (Crane el al 1948), 
■were earned out with 160 other frog gastric mucosae 
tlirough wluch no current was passed Results are 
described for secretive mucosae when they 'vvere 
mitially (o) secreting and (b) not secretmg, for non- 
secretive gastno mucosae and for six non gastno 
membranes 

Secretive mucosae initially secreting acid In 
sixteen out of seventeen cases an enhancmg current 
mcreased the rate of acid secretion from a 
between 0 2 and 2 durmg control penods ■to a Qga 
between 1 and 4 while the current was passmg In 
one experiment the was reduced by 0 1 durmg 
the passage of an enhancmg current of density 
0 4 ma /cm * Histamine had been added ■to the 
nutnent solution m six of these seventeen cases 
Fig 2 shows the frequency distnbution of the 
mcrease m Qgc, and Fig 3 the increase plotted 
against the initial There was no significant 
difference between the Qg^ mcreases for the current 
densities of 0 4 and 1 0 ma /cm * , the mean mcreases 
were 10 + 03 and 12 + 02 respectively Figs 2 and 
3 also show the results for opposmg currents In 
BIX out of rune experiments the Qgg, was abobahed 
by an opposmg current density of 0 4or 1 Oma /cm * 
In two Out of nme experiments 1 0 ma /cm ® reduced 
the Qgo, almost but not quite to zero, m one case 
0 4 ma /cm ^ had no apparent effect on a Qg^ of 

0 3 Figs 2 and 3 show further that the absolute 
change m Qg^ was of the same order of magnitude 
for both enhancing and opposmg currents The 
fractional change m Qg^j was greater for enhancing 
currents, the rate of aoid secretion m most cases 
(twelve out of seventeen) vres more than doubled by 
an enhancmg current, whereas m not one case out of 
nme was it reduced by more than its o'wn value 
Such a reduction would correspond to an absorption 
of acid or secretion of alkah The mean fractional 
mcrease m Qg^ (AQgg/Qgp,) for the twelve ex 
penments with an enhancmg current density of 

1 0 ma /cm » was 2 1 ± 0 4 and for the five experi- 
ments with 04ina/cm=> 14±07 Thus there is 
no significant difference between the two current 
densities The mean fractional decrease of Qgg, for 
the nme experiments with opposing currents was 
0 8 ± 0 1 For all seventeen experiments -with en- 
hancmg currents the mean fractional mcrease m 
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Enhindng current 

Number 
of cues 



Fig 2 Frequency distribution of changes in Qhci doe to currents enhancing or opposing the natural p d 

across isolated frog gastric mucosa 


Table 1 Initiation of hydrochloric ctctd secreiton by enhancing current 


Experimental tune 


Reference 

Pd 

At addition 

At com- 
mencement 

At end of 

Current 


Qsa 

A 


number 

level 

of histamme 

of current 

current 

density 

Before 

Durmg 

After 

of mucosa 

(mV) 

(hr ) (mm ) 

(hr) 

(min ) 

(hr ) (mm ) 

(ma /cm ‘) 

current 

current 

current 

14S 

36 

— 

1 

4 

2 29 

1 0 

00 

04 

00 

182 

37 

— 

1 

61 

2 17 

04 

00 

1 9 

06 

141 

24 

1 13 

2 

35 

3 42 

1 0 

00 

20 

20 

229 

28 

1 18 

3 

13 

4 29 

0 65 

00 

04 

■03 

229 

29 

1 18 

7 

67 

9 31 

10 

00 

06 

03 


9± 1 0, this IS barely sigmficemtly different 
from the value for the fractional decrease mth an 
opposing current 

Secretive mucosae not initiaUy secreting acid Be- 
sides the experiments alresidy discussed. Fig 3 shows 
five cases (four mucosae) m which the rose 
from zero durmg the passage of an enhancmg 
current More detailed results for these cases of 
apparent rmtiation of acid secretion by an electric 
current are given m Table 1 The pH changes of the 
secretory solution were followed contmuously by 
means of a glass electrode and m all five cases the 
pH began to decrease immediately after the current 
was switched on In one case (no 141) the Qhoi 
remamed unaltered when the current stopped, m 
three other cases the became smaller and m the 
Temainmg case acid secretion ceased when the 
current was switched off 

On five occasions four other secretive mucosae 
faded to secrete hydrochloric acid when enhancmg 



frog gaatno mucosa 
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ourrent was passed througli them, although they 
secreted acid at some other time durmg the experi- 
ment Results for one of these mucosae are shown 

mFig 6, m two others the ourrent was passed before 

secretion commenced One of these secreted spon- 
taneously and the other after addition of histammo 
The fourth mucosa hod finished aecretmg before the 
current was passed 

Nonsecrettve mucosae Seven mucosae failed to 
secrete acid at any tune durmg the experimenta 
Enhancing currents were passed through all these 
mucosae on sixteen occasions m all, twelve after the 
addition of histamme Opposmg currents wore 
passed through these mucosae on nme other oc- 
casions, six after the addition of histammo Smoe 
the pH of the secretory solution of a non secretmg 
mucosa ws« between 6 and 7, its measurement gave 
a very sensitive method for deteotmg small hydro- 
chloric acid concentrations The of the above 
mucosae was less than 10"^ , the current densities 
were usually 0 4 or 1 0 ma /cm but current densi- 
ties up to even 60 ma /cm * failed to produce acid 
Other membranes Similar negative results with 
currents passed m either direction were obtamed 
with all other membranes exammed oesophageal, 
pylonc, duodenal and rectal mucosa, frog skm, 
cellophan and dead gastric mucosa None of these 
membranes (twenty three experiments) produced 
acid (Qhci than 10~*) and the alteration of the 
rate of acid secretion by an electric current thus 
appears to be specifio to secretive gastric mucosa It 
IB mterestmg that a mucosa which secreted acid 
spontaneously and which responded to enhanomg 
and opposmg currents failed to secrete acid, even 
with an enhanomg current density of 2 ma /cm *, 
when its respiration was maximally inhibited by 
cyamde 

BesitUs for tndtmdtial mucosae Figs 4-8 give 
examples ofthe results for typical mucosae Results 
of control experiments are shown m Figs 6-8 of 
another paper (Crane ef al 1948) Fig 4 shows 
results for a mucosa m which secretion began after 
the addition of histamme (6 x 10-®m) to the nutrient 
solution Subsequently an opposmg ourrent density 
of 0 4 ma /cm *, passed through the tissue from 
secretory to nutrient side, reduced the by 2 2 
It produced a p d of 93 mV across the mucosa, 
opposite m sign to its natural p d of — 26 mV After 
a control period when acid secretion recovered 
slightly, an equal current passed through the 
mucosa m the opposite direction, enhanced 'toe p d 
across it to - 148 mV The moreased by 1 9 
and returned afterwards to a lower value The 
resistance of tins mucosa was reduced by about half 
durmg the passage of the current, the breakdown 
current density was unusually low and with 

0 4ma /cm = the resistance was already below its low 

current value 


Fig B shows the effect of an enhanomg current 
(1 ma /cm *) on a spontaneously secretmg mucosa 
Tlie current was passed for three separate periods 
Durmg the first two of these the Qaa was lu^er 
than during the preoedmg and following control 



Fig 4 Effect of enhonoing and opposing currents on p d , 
Qaa and resistance of isolated frog gastno mucosa 



Xienods, and the resistemce only one eighth of its 
normal value It is mterestmg that m this case 
a similar enhancmg current after 9 hr experimental 
tune (e t ) had no appreciable effect, although the 
mucosa had responded to histamme at 6 hr 30 mm 
E T Such anomalous results were observed on some 
other occasions many hours after mountmg 
Fig 6 shows the behaviour of a mucosa which 

secretedfor two separate periods, oncBspontaneously 

22-2 
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jfrom 2 hr 30 mm to 3 hr 30 mm E T , and ogam 
between 6 hr 30 mm and 9 lir E t , after the 
addition of histamme On tliree occasions dunng 
secretion an enhancmg current mcreased the Qjia , 
but on two other occasions when the mucosa was not 
already seoretmg an enhancmg current produced 
no acid whatever 



Fig 6 Effect of enhancing currents (0 4 and 1 0 ma /cm *) 
on p d , and Qga of isolated frog gaatnc mucosa 



1948 

Fig 8 shows the results of an experiment designed 
to discover wlietlier mucosa could secrete acid when 
a p d across it was maintained opposite m sign to its 
natural p d An opposing current was switched on 
at 1 hr 20 mm E t "and was adjusted so that the 
p d across the mucosa was 6 mV m the opposite 
direction to its natural p d of about 30 mV The 
reduction of tins balancing current dunng the nest 
41ir suggests that the natural p d of the mucosa was 




Time (hr ) 


Fig 7 Effect of large enhancing currents (up to 62 ma /cm ®) 
on p d across non secretive isolated frog gastno mucosa 
and on H'*' ion concentration of the secretory solution 


Fig 8 Secretion with p d. across isolated frog gastric mucosa 
mamtamed at +6 mV by the apphcation of a current 
Effect of 0 01 m NaCNS on Q^q, and p d 


Fig 7 shows results for a typical non-secretive 
mucosa an enhancmg current density of 1 Oma /cm * 
for over an hour produced no observable effect 
except that the p d was reduced shghtly Sub 
sequent current densities of 2 6, 10 and 62 ma /cm ~ 
also failed to produce any acid (Q^oi I©®® than 10“^), 
but these high current densities polarized the 
mucosa, even reversmg the sign of the subsequent 
p d m the case of 60 ma /cm * Such high currents 
m either direction could damage secretmg mucosa 
so much that they became permeable to the 10 ns 
present and the pH of the secretory solution rose 


decreasmg durmg this tune, as has previously been 
found (Oane et al 1948) The secretion curve shows 
that the spontaneous secretion was mcreased by the 
addition of histamine at 2 hr 30 mm and the 
contmued to morease, nsmg shghtly to 2 8 after the 
current was switched off The p d was now — 1 1 mV 
but rose to —20 mV on the addition of sodium 
thiocyanate (final concentration 0 01m) to the 
nutrient solution, which reduced the Q^ci to 0 4 
This substantiates the previous assumption that the 
p d was reduced at the onset of secretion (cf Crane 
etal 1948) 
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Polarity of the effect In the experiments on human 
patients (eg Gtoldschmidt, 1896, Eorstner et al 
1931, Schawerm, 1937) low-current densities were 
used, less than about 0 6 ma /cm ’ of electrode area 
The current was passed between parallel electrodes 
on the dorsal and ventral surfaces of the body at the 
level of the stomach, so that it was impossible 
to mvestigate the effects of currents m different 
directions through the stomach wall Moreover, 
vagal stimulation was not separated from any direct 
effect on the mucosa 

The experiments of Rehm (1946) on dogs, together 
with those on isolated frog gastric mucosae presented 
m this paper, establish the remarkable fact that the 
rate of secretion of acid by the stomach of a hvmg 
animal and by isolated gastric mucosa can be altered 
by the passage of direct current Smce currents from 
the nutrient to the secretory side of the membrane 
enhanced the natural p d and mcreased the rate 
of acid secretion, whilst currents m the opposite 
direction opposed the natural p d and decreased the 
rate of secretion, the effects cannot he due to stimu- 
lation of nerve endmgs 

These two mdependent senes of results also show 
that the apphed currents do not alter the Qga 
by emptymg reservoirs of acid m the mucosa or 
damming back the acid If this were the case the 
raised during enhancing current flow would be 

counterbalanced immediately afterwards by a C^na 
dejiressed below normal Similarly, after opposmg 
currents, a above normal would be expected 
These effects did not occur An electroendosmotio 
effect on the secretion of water cannot bo the sole 
cause, smce this would merely produce a more 
dilute secretion contammg the same total amount of 
acid 

In general, frog gastno mucosa appeared to be 
little, if at aU, damaged by the current densities used 
Current densities of 0 4 ma /cm ’ had no effect on the 
subsequent p d of the mucosa (Fig 4), but the p d 
was sometimes temporarily reduced for 10-30 min 
after current densities of 1 0 ma /cm * (Fig 6) A 
few poor mucosae, however, never recovered their 
origmal p d after 1 0 ma /cm * Higher current 
densities were more mjunous, the effect of pro- 
gressively mcreasmg enhancmg ouixents on the p d 
may be seen m Fig 7 In general, we confirmed 
Rehm’s results (Rehm, 1946) that high opposmg 
currents caused more damage than similar en- 
hancing currents A comparison of the relative 
change m m Rehm’s and our own experiments 
IS interestmg The examples given by Rehm (1945) 
(eg his Figs 2, 3 A, 3B, 4 A) suggest that for 
1 ma /cm * an enhancmg current mcreased the 
by c 20 % and the same opposmg current decreased 
it by c 60 % , whereas m the present experiments the 
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average mcrease was 2 1 0 % and the average decrease 
80% with the same current densities The gastno 
mucosa of the dogs used by Rehm (1946) had Qgoi 
values up to about 60, whilst the isolated frog 
mucosa used m these experiments htid Qgoi values 
up to about 4 

InRehm’s (1946) experiments the change m Qgoi 
was found to be roughly proportional to the current 
used (0— 4ma /cm *) for both enliancmg and opposmg 
currents, the latter bemg about three tunes as 
effective as the former The present experiments 
give information only for current densities of 0 4 and 
1 0 ma /cm but for these the absolute change m 
Qgp, was not very different, and while the fractional 
change m was 1 6 times as great for the higher 
as for the lower current density, the difference was 
not significant However, the power consumed at 
these two current densities may be similar It seems 
possible that there is a real difference m the 
AQgci current relationships of dog and frog gastno 
mucosa, but more results are needed 

Specificity The mcreased production of acid when 
enhancmg current is passed through secretive gastnc 
mucosa is extremely specific In twenty one out of 
twenty two cases enhancmg current mcreased the 
Qhci of gastnc mucosae already seoretmg acid In 
the remaimng case AQgci 1 ± 0 2, but this is 

not significantly negative 

It IS mterestmg that while m five out of ten oases 
enhancmg current produced no acid m secretive 
mucosae not already secretmg, m the other five it 
imtiated acid secretion It is extremely unlikely that 
spontaneous acid secretion should have chanced to 
begm m aU cases just as the current was switched on 
(see Table 1) Rehm (1946) found no mitiatipn of 
acid secretion by enhancmg current (density up to 
7 ma /cm *) m any of sixteen cases with hve dogs 
However, smce ‘ spontaneous ’ secretion of acid can 
occur m isolated frog gastno mucosa, but does not 
occur m the stomachs of hve dogs, this difference of 
behaviour is perhaps not surpnsmg 

The absence of any acid production when current 
was passed on twenty five occasions through non 
secretive gastnc mucosae and on twenty three 
occasions through oesophageal, pylonc, duodenal, 
rectal mucosae, frog skm, cellophan and dead 
gastnc mucosa, strongly suggests that the effect is 
^ecific to secretive gastnc mucosae, and shows that 
it is not due to a simple electrolysis This is confirmed 
by the absence of any evidence of alkah secretion 
due to the passage of a current through gastno 
mucosae or any of the other membranes used 
Significance of the resiiUs Nearly 90 years ago 
Brucke (1869) suggested that the electromotive 
forces m gastnc mucosa may enable it to send an 
acid flmd towards the secretory surface and a basic 
fluid m the opposite chreotion. Smce then many 
workers (eg Engelmann, 1872, Beenheun, 1930, 
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Keller, 1932) have suggested that glands produce 
then secretions by electroendosmosis An attempt 
■was made by Mudd (1926) to prove this hypothesis 
by applymg an electric field, and he beheved Ins data 
on mammahan serous membranes ‘to mdicate a 
probabihty approachmg oertamty that electro 
endosmotio effects are a factor m glandular secre- 
tion’ 

The first controlled experiments ■were carried out 
by Rehm ( 1 946) on the stomachs of hve dogs , he has 
produced much other evidence ■with this tissue m 
support of the hypothesis that ‘electrical energy 
promdes the energy for the production of osmotic 
work by hiung cells’ (Rehm, 1943, 1944, 1946, Rehm 
& Enelow, 1946, Rehm & Hokm, 1947) This work 
has been confirmed and ejdended by experiments on 
isolated frog gastric mucosa (Crane et al 1946, 1948 , 
Crane & Da'vies, 1947, Dames, Longmuir & Crane, 
1947) 

It has been sho'wn (Dames, 1948) that, however 
complex the mtermediary processes, the H"'' 10 ns 
which are elaborated by oxyntio cells come imtially 
&om the H atoms m water In this process electrical 
work must be done to separate the charges The 
experiments of Rehm ct al and the present -writers, 
referred to above, together -with those recorded m 
this paper, make it difficult to avoid the conclusion 
that secreting gastric mucosa can use electric energy 
fi:om an external source m the production of acid 

Interpretatum of the effect An electron cycle 
mechanism of acid secretion has been proposed 
(Crane et al 1948), m which H atom and electron 
transport systems are coupled to produce a net 


separation of H"*" and OH~ 10 ns m the pericanabcular 
zone of the oxyntic cells On the basis of the electron 
cycle mechanism, the electrical power available from 
the applied currents and from metabohsm ■will be 
compared, m a forthcommg jiaper, -with the power 
needed to produce the observed values of the 

SUMMARY 

1 Currents up to 60 ma /cm ® were passed through 
isolated frog gastric mucosa, m directions both 
enhancmg and opposmg the natural p d 

2 In gastric mucosae secretmg acid, enhancing 
currents (from nutrient to secretory side) mcreased 
the Qjici for 0 4 ma /cm *, mean AQ 3 ci= 1 0 ± 0 3, 
for 1 0 ma /cm mean A(2jicj= 1 2 + 0 2 Similar 
opposmg currents decreased the by the same 
order of magmtude, m many cases secretion was 
stopped 

3 Four secretive gastric mucosae, not mitially 
secretmg acid, commenced to do so when an en 
hancmg current was passed through them, m four 
other secretive gastric mucosae acid secretion was 
not mitiated by enhancmg currents 

4 In all cases currents passed through non- 
secretive gastric mucosa faded to imtiate acid 
secretion 

6 No other membranes exa min ed (oesophageal, 
pyloric, duodenal and rectal mucosae, frog skm, 
cellophan and dead gastric mucosa) produced 
hydrochloric acid -with any currents apph^ 

We Tvish to thank Prof H A ICrebs, F R 8 , for his en 
couragement and interest in this -work. 
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Studies in. the Nitrogen Metabolism of the Apple Fruit 

CHANGES IN THE NITROGEN METABOLISM OF THE APPLE DURING 
the NORMAL AND ETHYLENE-INDUCED CLIMACTERIC RISE 
IN RATE OP RESPIRATION 

Bt a C HULME, DiUon Laboratory, East Mailing, Kent 
[Becetved 16 January 1948) 


Dunng "work camod. out ov6r a numLsr of j^ars, 
it has been found repeatedly that, m Bramley’s 
Seedling apples "which have been gathered before 
the onset of the respiration chmacterio and placed 
in storage, there is a slow nse in net protem content 
during the period when the respiration chmacteno 
occurs (see, e g , Hulme, 19366) It is not certain, 
however, that there is a direct connexion between 
these two phenomena, it may be that both are 
changes normally occurring m ripe n ing firuit and 
that then concurrence may be fortuitous 

Kidd & West (1932) have demonstrated that the 
respiration clunaoteno can be mduoed even m 
immature firuits by treatment with ethylene A net 
nse m protem content, therefore, m relatively 
immature apples during an ethylene mduced chmac 
terio nse m respiration would be strong presumptive 
evidence that the two phenomena are mtunately 
connected The experiments descnbed m this paper 
were designed, primarily, to ascertam whether this 
IS the case Data are also given for changes occumng 
dunng the ‘normal’ (i e not ethylene-mduoed) 
chmactenonsemrespiration which occurseventuaUy 
even m immature frmts 

Data on the mtrogen metabolism of apples at 
vanous stages of development on and off the tree, 
which have accumulated m this laboratory over a 
number of years, have suggested that, of the soluble 
mtrogen fractions presumably mvolved m protem 
synthesis, asparagme mtrogen is most closely 
associated with nse or fall m protem The present 
expenmente provided an opportumty for studymg 
such a relationship over a short specialized penod m 
the ontogeny of the frmt The penod of the chmac 
terio nse m respiration m immature frmts is 
especially smtable for such a study, smce it embraces 
a relatively rapid nse m protem under conditions of 
constant content of total mtrogen 

EXPERIMENTAL 

Matcnals and methods of sampling and storage 

Bramley’s Seedling apples at two stages of matunty were 
soleoted for the experiment They were taken from 18 trees 
(18 years old) on Past Mailing stocks I and H on an un— 
manured plot at Past M ailing Research Station. The date 


of petal fall was 17 May 1937, and the two senes of samples 
were picked, on 17 June {Senes 1) and 3 August (Senes 2) 
At each pick the requisite number of apples of uniform size 
was gathered, and each sample was made up from a 
defimte number of frmts from each tree This procedure 
ensures that the samples are uniform, each being repre 
sentative of the group of trees as a whole Series 1 con- 
sisted of sixteen samples, each of 22 frmts, the average 
weight per apple was 16 0 g Senes 2 consisted of twenty- 
one samples, each of 30 fruits, the average weight per 
apple was 102 6 g Both senes of frmts were, therefore, very 
immature, the normal commercial date of picking for this 
vanety bemg about the end of September 

Immediately after preparation, three or four samples 
were rapidly halved, the seeds removed and the fruits of 
each sample placed m tins and frozen to -20“’ to await 
analysis (Huhne, 1936o) These fruits ore the ‘initial’ 
samples The remaining samples were each placed in their 
respective respiration chambers, which formed part of an 
apparatus for the determination of their rate of respiration 
in presence and absence of ethylene This tram of apparatus, 
which was situated m a oonstant-temperatnre room at 
12“, was similar to that already descnbed (Hulme, 1937), 
except that a T piece was mserted between the KOH 
bubbler and the respiration chamber so that ethylene could 
be mtroduced mto the tram at a definite rate through a 
needle valve and a cahbrated bubble bottle In the case of 
Senes 1 the respiration ohamher took the form of a 2 1 
Buchner flask m place of the usual vacuum desiccator, and 
the COi absorption towers were replaced by Pettenkofer 
tubes 

Preparation of material for analysis and 
methods of analysis 

Separation mto peel and pulp tissue and dismtegration 
of the separated tissues was earned out as already descnbed 
(Huhne, 1936 a) The seeds of the frmts were collected and 
their total N content detenmned so that an mdication 
could be obtamed of any jmssihle migration of N between 
flesh and seed This factor must be considered, smce, m the 
immature fruits used m these experiments, the seeds were 
only partially developed and appeared to be stdl orgamcally 
connected to the cortical tissue 

Total N was detenmned on a sample of ficozen, ground 
tissue by the usual Kjeldahl method using 100% (v/v) H,0, 
as catalyst m addition to OuSOj 6HjO 

The vanous N fractions* were estimated as previously 
descnbed (Hulme, 1936 a), the rapid oontmuous vacuum 

* It has been shown (Hulme, 19366) that glutamme is 
absent from the apple frmt 
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extractor (Holme &, Roach, 1936) bemg used for the 86% high concentration was used to obtam an immediate / 

ethanol extraction of the tissue response to the mtroduction of the gas All twelve samples 

Titraiahle acid was determined in the pulp tissue hy the had been respiring in pure air at 12° for 28 days when the 

method used previously (Hulme, 1930a) first sample was treated with ethylene, several samples 

Dry iceight was determmed hy diymg a sample of frozen were treated at 36 days, and one final sample at 46 days 

ground tissue in vacuo at 60° for 48 hr The results agreed fiom zero storage time Some samples were never treated 

elosely with those obtamed by exhaustive diymg tn vacuo with ethylene The time of treatment with ethylene and the 

at 25° over PjOj time at which treated and untreated samples were frozen 

Statistical tTcatmcnt Rephcate samples were taken at to await analysis wiU be seen from Fig 1 Where several 

mtervals as follows Senes 1 Four initial samples, two samples were treated at the same time, the subsequent rate 

samples at the 15 days’ storage pomt Senes 2 Three of respiration shown m Fig 1 is the mean rate of all these 

mitial samples, two at 27 days, two at 35 days and two at samples 

55 days Each senes was treated as a separate entity m the Senes 2 Dosage was approximately the same as for 
statistical analysis of the results Standard deviations. Senes 1, but all the samples to he treated were given 

covering total errors, were calculated from the following ethylene at the same tune, 1 e 20 days after placing m the 

equations (Fisher, 1928) Vanance = E9®/degreesofffeedom, respiration chambers The pomts at which treated and un 
0 bemg the deviation of rephcates from their mean treated samples were frozen to await analysis are mdicated 

Standard deviation, o'=^vanance Statistical analysis of m Fig 2 The rates of respiration subsequent to ethylene 

the respiration data was considered unnecessary smce deter- dosage for both treated and untreated samples are the 

nimations were made at very frequent mtervals and re means of the rates for the samples rema inin g under obser 
phcate results agreed to withm 2-3 mg COJIOO g /lOO hr , vation. The number of samples represented by the rate 

even during the period of rapid change associated with the shown m Fig 2 decreased as samples were removed and 

chmacteno rise m respiration. frozen 

Dnrmg the course of the experiments one or two fruits 
Ethylene treatment samples developed infection by moulds 

As soon as this was noted the fruit concerned was removed 
Senes 1 The dosage of ethylene m all cases was c 15% and weighed and the necessary correction apphed to the 
m the air passing over the treated fruits This relatively subsequent calculations of rate of respiration. 

Table 1 Apple weight and nUrogen content (per apple) of ethylene-treated and untreated samples. 

Senes 1, stored at 12°, pulp and peel tissue 
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* Expressed as mahc acid 
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BESULTS 

The primary data for the fruit used and. the content 
of the vanouB mtrogen fractions of the fruit and 
the total mtrogen content of the seeds durmg 
storage with and without ethylene treatment are 
shown m Tables 1-3 Owmg to the small amount 
of matenal available, it was only possible to de 
termme total, protem and asparagme + ammonia 
mtrogen m the peel of the frmt of Senes 1 

The levels of significance as between two results 
m each senes of samples (the ‘significant difference’), 
calculated on the basisofa20%probabihty (P = 0 05) 
are cr x 3 17 for Senes 1 and o- x 2 94 for Senes 2 
Tliese values may be approximated to o x 3, so that 
m both senes a difference between two results greater 


than three tunes the appropnate standard deviation 
may be regarded as significant 

An exammation of the appropriate significant 
differences shows that m both senes there is no real 
variation, due to uneven pickmg, m the weight of 
the average apple tliroughout the senes and that, as 
would be expected, there is no significant change m 
the total mtrogen content durmg storage Changes 
m the fractions of mtrogen are therefore more 
readily apparent when expressed as a percentage of 
total mtrogen The standard deviations for the 
vanous mtrogen fractions expressed on this basis 
are shown m Table 4 

The changes m protem mtrogen, as a percentage 
of total mtrogen, together with the correspond- 
mg changes m rate of respiration are shown m 


Table 2 Apple, loeight and nitrogen content (per apple) of ethylene treated and untreated samples. Senes 2, 
stored at 12° , whole fniit (obtained from separate results for pulp and peel) and peel tissue 
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14 64 

62 68 

33 64 

010 

13 96 

61 96 

32 93 

0 13 

13 86 

61 50 

32 27 

0 14 

13 81 

60 18 

33 00 

Oil 

13 36 

62 39 

34 41 

010 

13 66 

62 22 

31 67 

014 

13 32 

60 86 

3211 

0 16 

13 68 

64 27 

33 48 

0 20 

13 34 

6160 

34 60 

0 19 

13 27 

60 64 

36 30 

014 

13 20 

63 94 

36 37 

0 19 

13 08 

62 69 

37 20 

024 

12 62 

62 60 

' 38 03 

0 33 

12 68 

60 63 

37 46 

043 

0 34 

2-06 

137 

0 017 



Peel 


218 

11 98 

10 06 

0 02 

217 

11 99 

10 22 

0 03 

2 32 

12 96 

10 93 

0 02 

2 15 

1196 

10 04 

003 

2 12 

1148 

9 63 

0 03 

209 

11-08 

946 

0 02 

2 12 

11 89 

10 22 

0 02 

209 

1107 

9 04 

0 03 

209 

11 10 

9 31 

0 03 

2 07 

1133 

948 

0 03 

2 10 

1131 

983 

0 02 

2 06 

1154 

10 30 

0 03 

2 08 

11 67 

10 08 

0 02 

206 

11 99 

10 79 

0 03 

2 01 

12 14 

10 93 

0 03 

200 

12 03 

10 90 

004 

0 030 

0 41 

040 - 

0 006 


* Expressed as malio acid. 


Asparagme 

Ammo 

acid 

Kesidual 

Titrat 

able 

N 

N 

N 

acid* 

(mg) 

(mg) 

(mg) 

(mg) 

12 17 

436 

4 76 

(pulp only) 
1603 

10 92 

3 92 

6 62 

1616 

10 07 

3 81 

6 26 

1669 

10 02 

3-40 

6-49 

1613 

9 60 

406 

6 62 

1532 

8 76 

3 68 

464 

1676 

9 64 

3 33 

600 

1604 

11 72 

3 75 

484 

1645 

994 

318 

6 41 

1641 

11 98 

2 69 

6 86 

1601 

9-44 

283 

4 36 

1485 

8 05 

2 62 

444 

1400 

10 92 

2 41 

6 05 

1464 

854 

1 81 

4 93 

1383 

7 81 

1 79 

4 62 

1291 

640 

2 20 

4 14 

1239 

0 76 

033 

0 39 

30 


0 83 

064 

0 61 

0 62 

0 60 

0 62 

0 69 

0-63 

0 68 

0 68 

0 47 

0 76 

0 68 

044 

0 71 

0-66 

046 

0 60 

0 63 

045 

0 67 

0 76 

043 

0 71 

0 70 

0 47 

0 69 

0-77 

0 36 

0 69 

0 66 

043 

046 

0 41 

0 23 

0 67 

0 66 

0 28 

0 62 

0 37 

023 

0 66 

0 35 

0 21 

0 62 

030 

0 31 

048 

0 049 

0 033 

0 052 
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1948 


Days in 
store 


0 

3 

7 

16 

28 

36 

36 

38 

41 

46 

46 

64 


Table 3 The number, weight and nitrogen content of the seeds of treated and untreated fruits 

of Series 1 and 2 


Ethylene 

No of 

Average wt 

Average wt 


Total N 

A 

treatment 
(+ or -) 

seeds per 
apple 

per apple 
(mg) 

per seed 

(mg) 

Per apple 

(mg) 

Per seed 
(mg) 



Senes 1 



- 

60 

117 

23 

0 67 

0 113 


4 6 

110 

26 

0 63 

0 120 


4 6 

117 

26 

0 67 

0 122 


4 6 

96 

21 

044 

0 097 


4 4 

89 

20 

0 33 

0 076 

+ 

4 9 

74 

16 

0 26 

0 050 

— 

4 9 

72 

16 

0 23 

0 052 

+ 

6 1 

73 

14 

0 26 

0 049 

-f 

4 1 

60 

14 

019 

0 044 

+ 

4 6 

63 

14 

0 21 

0 044 


42 

66 

16 

0 23 

0 061 

+ 

4 2 

46 

11 

0 24 

0 050 


0 33 

10 

22 

0 046 

0 0136 



Senes 2 




- 

49 

194 

40 

1 77 

0 364 

— 

4 4 

181 

41 

1 69 

0 385 


4 8 

183 

38 

1 86 

0 386 

— 

40 

128 

33 

1 37 

0 362 

-f 

4 7 

166 

36 

1 70 

0 361 

+ 

48 

162 

34 

1 84 

0 383 

+ 

4 6 

164 

33 

1 79 

0 391 

— 

49 

144 

30 

1 69 

0 326 

— 

4 6 

136 

30 

147 

0 328 

— 

4 6 

128 

28 

133 

0 293 

— 

4 1 

123 

30 

167 

0 386 

+ 

6 2 

139 

27 

1 57 

0 300 

- 

49 

133 

27 

1 60 

0 305 

- 

43 

121 

28 

1 67 

0 366 

+ 

43 

114 

26 

1 64 

0 365 


0 
3 
8 
20 
21 
23 
27 
27 
29 
I 36 
38 
38 
41 
66 
66 
70 

<7 . 0 61 13 


Pigs 1 and 2 With the treated samples the rate 
of respiration immediately before mtroduction of 
ethylene does not fall exactly on the hne represent 
mg the mean respiration of aU untreated samples 
(contmuous hne) 

Changes in protein in rdatum to changes in rate of 
respiration In view of the fact that there is no 
significant change m the absolute amount of total 
mtrogen m the firmt durmg storage, the results 
presented m Figs 1 and 2 mdicate clearly that, over 
the period of the respiration chmactenc, whether 
ethylene mduced or whether occurrmg as a normal 
phenomenon m the ontogeny of the frmt, the net 
amount of protem m both peel and pulp rises 
significantly In Senes 1 the significant difference 
for protem mtrogen as a percentage of the total 
mtrogen is 4 2 for whole fimit and 4 6 for the peel 
In all cases the rise m protem mtrogen m the whole 
apple following ethylene treatment is more than 
twice the significant difference In the peel, aU the 
rises are significant except that after the first 
ethylene treatment, even m this case there is no 
mdication that the rise has ceased when the only 
treated sample was Jfrozen for analysis In Senes 2, 


17 0 147 0 0319 

where the significant differences are 2 2 and 2 0 % 
respectively, the rise m protem mtrogen subsequent 
to ethylene dosage is highly significant for both 
whole firmt and peel In this series also the onset 
of the normal climacteric is followed by a highly 
significant nse m protem mtrogen m both whole 
firmt and peel 

It appears, however, that m both peel and pulp 
tissues of both senes the rise m respiration precedes 
by some hours the nse m protem content (Fig 1, 
ethylene treatment at 36 hr and Fig 2, both 
ethylene treated and untreated samples) The im- 
mediate nse m protem following ethylene treatment 
at 36 hr m the peel of the finut of Series 1 is not 
significant It is mterestmg to note that m experi- 
ments designed to determme the relative rate of 
respiration of peel and pulp tissue it has been found 
(Hulme, unpublished data) that the peel of firmts of 
100 g average weight respires at least three tunes 
as rapidly as the pulp tissue As the present data 
show, the protem content per umt dry weight of peel 
tissue IS at least twice that of pulp tissue and forms 
a higher percentage of the total mtrogen (see also 
Hulme & Srmth, 1938) 
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clear In Series 2 there is no significant change m 
the nitrogen content of the seeds at any tune Thus 
no transfer of nitrogen fi’om seeds to flesh tissue 
occurs at any tune during the storage of the fimt 
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Fig 4 Relation between protein N and the non protem N 
fractions over the whole penod of storage of Senes 1 
and 2 fonts, both nntreated and ethylene treated The 
results shown are for the whole font 


Changes in the fractions of the non-protein nitrogen 
during increase or decrease in protein Since total 
rutrogen is constant, it may be ejcpected that aU the 
forms of non-protem mtrogen -will be affected to 
some OTctent by change m content of protem A 
cursory exammation of the data presented m Tables 
1 and 2 suggests that the changes m asparagme 
mtrogen are most closely related to nse and fall m 
protem The relationship between protem mtrogen 
and the non-protem mtrogen firactions is shown m 
Figs 3 and 4 The close correlation between rise m 
protem mtrogen and fall m asparagme mtrogen is 
stnkmg Furthermore, the change m asparagme 
mtrogen per umt protem (or vice versa) is the same 
for peel and pulp and covers a -wide range of protem 
levels The values for asparagme nitrogen m Fig 4, 
Senes 1, are rather high compeued with those of 
Senes 2 owmg to the mclusion of ammoma mtrogen 
m the former case It is clear that, at both stages of 
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maturity examined, a sumJar relationship exists 
throughout the fnut between faU in asparagme and 
use m protem 

Tins general close relationship is confirmed on 
examination of the correlation coefficients for pro 
tern nitrogen on asparagme plus ammoma mtrogen, 
ammo acid mtrogen and residual mtrogen Aspara 
gme gives a tfoefficient (r) of almost umty m every 
case The correlation coefficients for ammo acid 
mtrogen and residual mtrogen are also fauly high, 
the former not consistently so Little is yet known 
of the composition of the residual mtrogen, although 
it 18 certam that basic ammo-acids are present only 
m small amoimts m the apple (Hulme, 1937) 

TUratable acid The detenmnation of titratable 
acid has been earned out as a matter of routme m 
the study of the mtrogen metabolism of apples 
which has been proceedmg m this laboratory for 
some years The results obtamed m the present 
study are mcluded m the tables, smee it is clear 
that immediately before the onset of the respiration 
chmacterio (normal and ethylene mduced) there is 
a rise m the amount of titratable acid m these 
immature finuts This nse is, however, only signifi 
cant m the case of the samples of Senes 2 

DISCUSSION 

The above data are insufficient for the development 
of a theory of the paths of protem synthesis m the 
apple finut, the most that can be said is that de- 
amidization of asparagme appears to be closely 
connected with the synthetic processes Of mterest 
m this cormexion is the fact that, while free ammoma 
mtrogen never forms much more than 1 % of the 
total mtrogen, it does tend to rise significantly 
durmg active protem loss and when the rate of 
protem synthesis is slowing down (Senes 1 at day 28 , 
Senes 2 towards the end of the storage penod) 

SUMMARY 

1 Evidence is produced that durmg the climac- 
tenc nse m rate of respuation m unmature apples, 
whether ocoumng normally or whether mduced by 
treatment of ihe fnut with ethylene, there is a 
highly significant rise m the net protem content of 
the firmt 

2 A strong negative correlation is shown to exist 
between change m protem content and change m 
asparagme content, not only diumg the nse m 
protem which accompames the respuation chmac 
tenc, but also durmg the steady faU m protem 
content which precedes the respiration chmacteric 
in very young frmts The other forms of soluble 
mtrogenous constituents show some negative corre 
lation with change m protem content, but the corre- 
lation is less consistent 
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The Algae 

4 THE LTPOCHROMES OF THE MALE AND FEMALE GAMETES 
OF SOME SPECIES OF THE FUCACEAE 

By P W CARTER, L C CROSS, I M HEILBRON akd E R H JONES 
Organic Ohemxslry Department, Imperial College of Science and Technology, London, 
and Botany Department, Umveratty Collie of Wales, Aberystwyth 

(Received 9 February 1048) 


Biochemical work done hitherto on the algae has 
been concerned chiefly with the vegetative thaUus 
Mainly because of the diffi culties of seouring pure 
material in sufficiently large quantities, very httle 
consideration has until recently been given to the 
pigmentation of the reproductive bodies Among 
the lower plants, the male gametes of many algae 
are known to be yellowish m colour, m contrast to 
the rather more green female gametes, and this 
difference is especially marked m heterogamous and 
oogamoufl plants 

The members of the family Fucaceae (class 
Phaeophyceae), so abundant on many parts of our 
Brii^h shores, reproduce oogamously by means of 
mmute motile, bioihato sperms and larger non- 
motde eggs The dioecious members of the Fucales 
are especially convenient for study, m that large 
quantities of both male and female gametes •can be 
obtained m a pure state and free from any possibility 
of contamination by gametes of the o^er sex Tti 
the same family, monoecious species also occur, and 
thus provide material for comparison ■with the 
dioecious types 

In the Fucaceae, the anthendia and oogonia are 
produced withm flask shaped, sunken cavities, the 
conceptacles These occur at the periphery of some- 
what swollen and mucilagmous receptacles, which 
m some species are modifications of some of the 
dichotomies of the thallus as m Fucus sermius, F 
vcsiculosiis and F spiralis, or m other genera, of the 
apices of sjiecial lateral deciduous finntmg bodies, as 
m Ascophyllum nodosum 


The gradual extrusion of groups of mature eggs 
and sperms through the openings (ostaoles) of the 
conceptacles, normally occurs between the tides, and 
18 probably brought about m part by the expansion 
of mucilage, together ■with contraction on desic 
cation In nature, the gametes are removed from 
the surface of the conceptacles by the mcommg 
tide and fertilization thus takes place outside the 
parent plant 

The numerous mmute biodiated sperms contam a 
small yellowish chromoplast, and the mature aggre 
gates of sperms therefore appear orange yellow, 
which colour they impart to the entire receptacle 
This affords a means of distmguishmg the male 
plants m the dioecious species of the Fuci at the 
tune of gamete discharge In the preparation of 
material for the present experiments, however, 
colour alone was not considered to he a sufficiently 
safe criterion, and a section of a receptacle of every 
plant collected was exammed rmcroscopically, m 
order to confirm the accuracy of the separation of 
the male and female plants Moreover, plants were 
selected from all parts of the zone of then distri- 
bution on the Aberystwyth shore 

The marked orange colour of the exudate of the 
male plants of the dioecious members of the 
Fucaceae m then finutmg season, m strikmg con- 
trast to the ohve green colour of the female plant 
exudate, suggested that the colourmg matter of the 
ohromatophores of the male and female gametes 
might possibly be connected with the reproductive 
process It seemed feasible that the hght absorbing 



360 P W CABTER, L 0 CROSS, I M HEILBRON AND E R H jbNES 1948 


properties of the pigments might be responsible for 
the motihty of the male gametes prior to fertihzation 
of the female egg (oosphere) 

I mm ersion m water of the receptacles of the 
frmtmg male plants collected at low tide produces 
a bright orange suspension of sperms and anthendia, 
whilst from the frmtmg female plants a suspension of 
eggs {and oogoma) and copious mucilage is secured 
From the frmtmg monoecious plants, a mixture of 
eggs and sperms is obtamed, the proportions of each 
varymg somewhat durmg the frmtmg period In the 
earher experiments on Fucus serralus the orange 
exudate was removed by wipmg, but this method 
was later rej ected m favour of dippmg the receptacles 
m water Prom these suspensions the pigments can 
be extracted with ether or hght petroleum, or better 
still the suspension can be concentrated by centri- 
fuging or filtration The suspension obtamed m sea 
water consists almost exclusively of active free- 
swimmmg sperms with empty anthendial vesicles 
from which the sperms have been released A sus- 
pension m fresh or distiUed water, on the other hand, 
consists mainly of anthendia with undischarged 
gametes which renders the process of concentration 
easier From the male exudate an orange solution 
IS thus obtamed, containing a pigment which ex- 
hibits the normal properties of a carotenoid hydro- 
carbon or ester, 1 e solubihty relationships, absorp- 
tion spectrum, coloration with antimony tnchlonde 
in chloroform solution and adsorption properties on 
alumma, calcium hydroxide and magnesium oxide 
It has been established that the oharaotenstio 
carotenoid pigments of fresh brown algae are ^- 
carotene and fucoxanthm (Heilbron, Parry & 
Phipers, 1936, Carter, Hedbron & Ljdhgoe, 1939, 
Heilbron, 1942), while m algae which have been kept 
m a dry condition the latter pigment is replaced by 
zeaxanthm (Hedbron & Phipers, 1936) A detaded 
examination of the pigments of the male exudate of 
the dioecious brown algae Ascophyllum nodosum Le 
Jol, Fucus serratus Linn and F vesundosus Lmn , 
has revealed that the predommatmg orange pig- 
ment, unaffected by alkahne hydrol 3 r 8 is, is the 
hydrocarbon )3 carotene, aheady known to be the 
typical epiphasio carotenoid of the brown rdgao A 
number of other carotenoid pigments is certainly 
present m very mmute quantities, some of these 
may be isomenc forms of carotene (Carter & Gdlam, 
1939 , Zechmeister, 1944), but although considerable 
amounts of algae have been employed (the exudate 
from 260 kg (AAscophyUum nodosum was extracted) 
it has not been possible to isolate any other pigment 
m sufficient quantity even for spectrographic 
analysis It is of mterest to note that, among the 
fungi, the Small motde male gamete of some species 
of Allomyces (e g A javantcus) is known to possess 
a conspicuous orange globule, whilst the larger 
female gametes are colourless Emerson & Fox 


(1940) have found that this orange colour is due to 
carotenoid pigments, m particular to y carotene 
along with traces of isomers Also the thick-walled 
sporangia produced durmg the sporophytic phase m 
the hfe cycle of this fungus contam a brown pigment 
of the melanm group and no trace of carotenoids 
In direct contrast to the results obtamed with the 
male exudates our exammation of the pigments of 
the correspondmg female exudates mdicated that 
chlorophyll and fucoxanthm, both typical pigments 
of the brown algae, are almost entirely responsible 
for the colour of the female gametes Only tr^^ces of 
j3 carotene were detected m the extracts, but the 
fact tliat the egg possesses a representative sample of 
the pigments of the parent plant, even m differmg 
proportions, is not unexpected The crude concen- 
trated extracts of both male and female gametes 
were largely contammated with ody impurities, pre 
sumably terpenoid m nature, m which the carotenoids 
are dissolved m the cell chromatophores (Such 
materials have been shown (Haas & Hill , 1933) to 
be present m many members of the Phaeophyceae, 
and to be more abundant m species growmg high m 
the httoral zone ) These contammante, particularly 
m the case of the male exudate, were undoubtedly 
responsible for the poor yields of /S carotene obtamed 
m a crystalhne form, smce chromatographic adsorp 
tion failed to separate the pigment from these oily 
impurities The quantity of fucoxanthm m the 
female exudate was considerably less than that of the 
P carotene m the male, so small was the amount 
of the former that only from AscophyUum nodosum 
could any sohd material be obtamed 

Resolution of the exudate pigments of the mon- 
oecious species Fucus spiralts Lmn , gave results 
s imil ar to those of the dioecious members examined, 
m that p carotene, fucoxanthm and chlorophyll were 
all present m the mixed exudate, the carotene 
presumably ansmg from the orange sperms and the 
two latter pigments from the greenish eggs 

EXPERIMENTAL 

All melting pomta are nncorreoted The light petroleum 
used m these experiments had b p range 40-60° Anhydrous 
Na^Oj iras employed for drying solutions, and aU opera- 
tions were cam^ out under N,, evaporations bemg effected 
under reduced pressure Alumina refers to Brockmann’s 
‘special for adsorption’, MgO was always diluted with an 
equal bulk of Hyflo Super Cel (Stram, 1934) Ca(OH), was 
activated before use by heating at 130° for 1 hr Elutions 
were effected with a 6% solution of methanol m light 
petroleum except where otherwise stated 

Fucus vesxtndosus, male A concentrate of sperms from 
13 kg of the whole frmtmg alga was obtamed by aUowmg 
the alga to stand for 12-24 hr m a moist atmosphere, and 
then washing off the exuded matenal by dippmg mto a 
small volume of water This treatment of the frmtmg 
plants IB reasonably comparable with the mtertidal con 
ditions on the shore, when the expulsion of the repro 



351 


Vol 43 


LIPOCKROMES OF GAMETES 


ductive bodies from tbe conceptacles is known to take 
place The concentrate was centrifuged to remove as much 
water and mucilage as possible, and the orange residue then 
ground with anhydrous Na^O* Treatment of the moist 
cake so obtamed first with methanol and then with light 
petroleum gave a solution which contamed almost all the 
pigments of the ongmal exudate The petroleum methanol 
solution was washed with water, the resultmg hght 
petroleum solution* was then shaken with an equal volume 
of 95% methanol, but no hypophasio pigments could be 
separated The washed and dried light petroleum solution 
was adsorbed on a column of calcium hydroxide, the 
chromatogram being developed with the same solvent The 
final chromatogram was essentially similar to those 
obtamed from the exudates from mile AscophyUwm 
nodosum and Fucus serratus (see later), consisting of a 
lower orange carotene zone m prepcmderating amount and 
a complex senes of narrow bands m the upper portion of the 
column. The lower zone was eluted, and, after washing, the 
solvent was removed Crystallization of the red ody residue 
yielded carotene (9 mg ), which on recrystallization gave 
crystals of impure fi carotene (7 mg ) , absorption maxima 
m carbon disulphide 617, 484 and 464 mft. 

Ascoph^um nodosum, male The suspension of sperms 
and anthendia from some 260 kg of the fnutmg alga was 
treated by a techmque similar to that desonbed under 
Fucus vesiculosus, male, except that the suspension was 
filtered through coarse fluted filter papers which were then 
extracted with acetone-hght petroleum (1 4) 

By elution of the carotene zone of the chromatogram 
and crystallization of the resultant red oil (140 mg ) from 
benzene-methanol, p carotene (16 mg , m p 178°) was 
obtamed as red leaflets with a greerush metaUio lustre, 
abso^tion maxima m carbon disulphide 617, 487 and 
465 m/i, (Carter et al 1930) 

Traces of fucoxanthm and chlorophyll, insufficient for 
characterization except by their behaviour on a ohromato 
gram, were found m the hypophase 
Fucus strralus, male The exudate was removed from the 
apices (6 kg ) by wiping with ‘Kleenex’ cellulose tissues, 
which were subsequently extracted with light petroleum, 
mto which solvent the entire pigment was transferred. 
Treatment of this solution by the techmque already 
' described gave a red oil (ISO mg ), which on crystallization 
yielded p carotene (3 mg ), m p 172° Absorption mamma 
m hght petroleum 479-80 and 449 m^ , m carbon disulphide 
616 and 484-6 m^ 

The mother hquors obtamed after separation of the 
crude carotene still contamed much pigment, which was 
largely contammated with ody impurities In spite of 
saponification and several readsorptions this material 
faded to yield any farther quantity of crystalline product 
Fucus vtsiculosus, female. The exudate from 8 kg of 
firesh fnutmg alga was treated by the techmque developed 
with mole F utsiculosus, with the exception that the 
Ka^O, cake was extracted first with acetone and then with 
ether The combmed extracts were washed, the dried 
solution was evaporated and the residue adsorbed, from 

* This solution, and light petroleum solutions contam 
mg p carotene from the other algae, before crystallization, 
exhibited absorption maxima at 477 and 447 m;i. whde 
similar solutions m light petroleum (b p 60-80°) showed 
maxima at 480 and 448 m;i. (cf Carter A GiUam, 1039) 


benzene solution, on a column of alumina, the ohromato 
gram being developed with benzene A pale yellow filtrate 
pa8sed'’through the column, this consisting of a trace of 
P carotene, which m hght petroleum solution exhibited 
absorption maxima at 477 and 446 mp. The only pigments 
adsorbed on the alumma were fueaxanthm and chlorophylL 
The reddish brown zone of the former, occurring between 
two greemsh bands, gave on elution the dharaotenstio fuco 
xanthin blue coloration with HCl Absorption maxima m 
carbon disulphide were seen at 606-7, 477 and 446 m^ A 
mixed ehromatogram with pure fucoxanthm on alumma 
gave only one zone on development 

AscophyUum nodosum, female A eoncentrate of the 
exudate from 260 kg of the fresh frmtmg alga was treated 
in a similar manner to that described for Fucus vesiculosus, 
female, except that the residue obtamed after centnfugmg 
was extracted directly and not treated with NajSOi 

A trace of p carotene was obtamed as the epipbasio 
pigment, while the hypophase yielded chlorophyll and ' 
rmpme fneoxanthm (6 6 mg ) This pigment exhibited the 
characteristic fneoxanthm coloration on treatment m ether 
with 2 5 n HCL Absorption maxuna m carbon disulphide 
oconrred at 609, 478 and 463 mp. (610, 477 and 466 mp 
given by Hedbron & Phipers, 1936) ' 

Fucus serralus, female The exudate of the sexually 
active apices (4 6 kg ) was extracted m a manner similar to 
that described for jP serralus, male No pigment could be 
extracted from the cellulose tissues with light petroleum, 
but extraction with ethanol gave a dark green solution 
A trace of an epiphaaio pigment, probably carotene, was 
present, whilst the mam pigments, obtamed m the hypo 
phasic firaction, were chlorophyll an4 fucoxanthm. The 
latter was largely freed from ehlorophyU by obromato- 
graphy, and the pigment characterized by the bine colora- 
tion with HCL Absorption maxima m carbon disulphide 
occurred at 608 and 473 mp, with one at 670 mp. due to 
presence of a httle chlorophylL 

Fucus spiralis, male and female A concentrate of the 
exudate from 18 kg of the fresh, sexually active alga was 
obtamed and treated as described under F vesiculosus, 
male The Na^O^ cake was extracted fiirst with acetone 
and then with ether, the combmed extracts were washed, 
dned and evaporated and the residue was partitioned 
between equal volumes of hght petroleum and 95% 
methanoL The dark green petroleum phase was washed 
with 96% methanol, then with water and dned, and the 
concentrated solution adsorbed on a column of Ca(OH)„ 
the chromatogram being developed with hght petroleum. 
The chromatogram consisted of three uppermost greenish 
brown zones, then a senes of verv small bands, while the 
lower part, containing most of the carotenoid pigment, 
consisted of a single orange zone of p carotene Elntion 
yielded insufiioient matenal for crystallization, but thehght- 
petroleum solution showed absorption maxima at 477 and 
447 mp. (see footnote m previous column) The methanol 
hypophase was diluted with water and extracted with ether, 
the ethereal solution was washed, dned and evaporated, and 
the residue transferred to a small volume of dry benzene 
This latter solution was adsorbed on a column of Ca(OH) 
and the chromatogram developed first with benzene and 
then with ether benzene (1 4) The fricoxanthm formed an 
o^ge zone below the greenish zones, and on elution it gave 
the blue coloration with HCL Absorption Tnanma m 
carbon disulphide 476 and 446-7 mp. 
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DISCUSSION 

The pigmentation of the respective gametes of the 
various Fuci exammed is remarkably uniform This 
result IS not unexpected smce the pigments and 
sterols of the whole plants of the order are similarly 
uniform (Carter et al 1039) However, the prepon- 
derance of yS carotene m the sperm is unusual 
enough to promote speculation as to the function of 
that pigment 

In the Fuel, the sexual reproductive phase occurs 
at a particular period of the year extendmg m some 
species over several months, and m this respect the 
annual frmtmg period is behoved to spread over 
a longer period than m most other algae The repro- 
ductive phase is usually followed by a period of 
vigorous vegetative growth, but elongation does not 
occur to any perceptible extent while the repro- 
ductive organs are bemg produced On their dis- 
chEirge mto sea water the sperms are extremely 
active and motde The period of activity of the 
sperms, however, begins withm the anthendial walls 
before final release through the apical pore of the 
anthendium It might be expected that the energy 
expended by the sperm is obtamed entirely, or m 
part, from hght energy absorbed by the p carotene 
which it contains, but evidence from some pre- 
hminary experiments which have been carried out 
suggests that the hght absorbed by the p carotene 
of the BpenoB after discharge has no connexion with 
the cdiary movements or with the fertilization pro- 
cess itself 

These experiments on the motdity of Fucus 
sperms, usmg hght of various wave lengths, suggest 
that the nature of the illumination affects activity 
only m so far as the velocity of movement and the 
length of the period of motihty are concerned There 
IS evidence that the sperm suspension retams its 
vitahty and fertdizmg power for a relatively longer 
period if the activity is lessened, and loses it rapidly 
if the movement is violent It seems, therefore, that 
the sperm is fully eqmpped with a store of energy 
at the tune of discharge and its capacity for move- 
ment IS determmed by its activity and the rate of 
utilization of this energy store This is m agreement 
with experiments on animal sperm activity, smce 
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Colm (1918) showed that the total carbon dioxide 
production of anunal spermatozoa is the same 
whether their life be long or short 

The accumulation of carotenoid pigments m the 
reproductive phase and sexual organs is not unusual, 
and Mumeek (1934) has demonstrated that the con 
centration of carotenoids reaches a maximum m the 
leaves of Cosmos, Salma and Soja at about the tune 
of flowermg, after wluch there is a decrease He 
pomts out a suggestive analogy with anunals m 
which carotenoids are present m various organs and 
secretions usually associated with reproduction and 
m wluch the yellow pigments pass from other parts 
of the body to the reproductive organs, e g poultry 
and cattle 

Different proportions of pigments are reported m 
some male and female plants, and it appears 
(Mumeek, 1934) that more yellow pigments are 
present m the female than the male of certam 
dioecious flowering plants {Rhamnus) and fungi 
(Mucor), wlulst Delano & Dick (1937) mamtamthat 
for some dioecious plants (willow and white poplar) 
there is more carotene and chlorophyll m the leaves 
of the male plant than m the female 

The physiologcal significance of carotenoid pig- 
ments m the plant is far from bemg understood, but 
withm recent years a most important function of 
these pigments has been revealed Picrocrocm, 
croom and c%s- trans crocetm dimethyl esters have 
been demonstrated to play a fundamental role both 
m the copulation of the male and female gametes 
and m the subsequent sex determination m Ohlamy- 
domonas eugameios (Kuhn, Moewus & Jerchel, 1938, 
Kuhn, Moewus & Wendt, 1939, Mpe'wus, 1938) 

SUMMARY 

The predommatmg colourmg matter of the male 
gametes of various brown algae has been shown to 
be p carotene, fucoxanthm and chlorophyll are the 
pigments of the female gametes 

We are indebted to the Rockefeller Foundation for a 
grant in aid of this research We wish to acknowledge the 
assistance given by the late Dr C G Ebot in the exanuna 
tion of Fvew serratus, female, and by Dr H M David in the 
labonons task of oolleotmg matenal for this investigation 
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The successful separation of ammo acids on paper 
partition chromatograms (Conscten, Gordon & 
Martm, 1944) naturally led to attempts to omploy 
smular methods quantitatively The methods 
described below are presented m a somewhat un- 
finished state, as external circumstances compelled 
an mterruption of the work In particular, no 
attempt has been made so far to devise an analytical 
method smtable for a normal protem Only the 
simpler problem has been attempted of analyzmg 
quantitatively such relatively simple mixtures of 
ammo acids as can be separated usmg one dimen- 
sional paper chromatograms No doubt the method 
could apphed to more comphcated mixtures, but 
preliminary separations, by paper chromatography 
or other methods, would be required 

PRELIMINARY EXPERIMENTS 

Several methods adapted to micro estimations were in 
vestigated. Attempts were made to utilize the colour 
reaction with mnhydnn upon paper It was found possible 
to wash off the colour from the paper with a variety of 
solvents, but the estimation of colour m a photoelectno 
miorocolorimeter did not give consistent results These 
experiments, however, showed that the coloured product 
consisted of several components whose proportions de- 
pended upon the exact conditions under which the colour 
was developed 

Attempts were next made to utilize the Pohn reaction, 
both the ongmal Fohn (1922) teohmque and the modifi- 
cation of Frame, EussoU & Wilhelmi (1943), agam using a 
photooleotno miorocolorimeter Both methods were reason 
ably satisfactory for such quantities of pure ammo acids as 
are available on a paper chromatogram, but when ammo 
acids were washed from the chromatogram, mterfenng 
substances, apparently denved both fium the paper and the 
solvents, rendered the results grossly maccurate 
Nitrogen estimation by the Njcldahl method was also 
tried This method is very attractive theoretically, as it 
was hoped that after a qunhtative analysis the ohromato 
gram could be cut up and a quantitative estimate obtamed 
from the amount of mtrogen m each coloured spot The 
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technique used was that of Hawes & Stavinsky (1942) 
The scale of working was reduced by a factor of 10, and 
satisfactory results were obtamed, if the starting material 
was (NH4)^04 and the mcmeration omitted. However, the 
atmosphere of the laboratory proved to be so heavily con- 
tammated with the mtrogenons solvents used m the 
ohromatography that satisfactory mcmerations could not 
be performed It was not even possible to determme 
whether the nitrogen blank of the paper was low enough 
to render the method feasible 

Titration m glacial acetic acid (Hams, 1936) was next 
employed. The amino acid was washed firom the paper mto 
small titration tnbes and, after evaporating m a vacuum 
desiccator and dissolving m 20 pi glatnul acetic acid, it was 
titrated with OOINHCIO4 m acetic acid, using crystal 
violet as mdicator (Nadeau & Branohen, 1935) Excellent 
results were obtamed with pure ammo-aoids, quantities of 
16-30 pg being titratable with an error of 1 % The paper, 
however, oontmned such large amounts of acids and bases, 
which could not be removed by preliminary washing, that 
the method could not be used on the material washed from 
the paper 

To avoid mterferenoe with contaminating substances, the 
relatively specific complex formation of the ammo acids 
with copper was then tried. The technique used was 
essentially that of Pope & Stevens (1939), which is a 
modification of the method of Kober (1912) The ammo 
aend was added to a suspension of copper phosphate m 
a phosphate borSte mixture, causing the copper to go mto 
solution as the ammo acid copper complex After filtration, 
the copper m solution was estimated iodometncally 
Stoicheiometnc results were obtamed for almost all the 
ammo amds, with a ratio of two ammo acid molecules to 
one atom of copper It was not found possible to reduce the 
scale of the lodometno titration to the micro quantities 
available, though good values on 100-200 /ig of pure ammo 
acid were obtamable However, even m this case, reducing 
material denved fixim the paper mterfered with the lodo 
metno titration and prevented satisfactory estimation of 
the material denved from the paper chromatograms , 

Finally, the polarograph (see Kolthoff & Lingane, 
1941) was used to estimate the copper complex, m 
place of the lodometno titration This proved to he 
sufficiently specific to give useful though not highly 
accurate results As has already been said, the 
method has not been fully worked out and it is hoped 
that further expenence wdl mcrease the accuracy 
and the avadabdity of the method for complex 
mixtures 
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EXPERIMEZSTTAL 
Polarographtc technique 

In the initial stages a simple galvanometer, fitted for visnal 
observation, was used with the dropping mercury cathode 
Later, a Camhndge Instrument Company’s photographic 
instrument was used This is convement when complete 
current voltage curves are required, hut for routme use, as 
described below, the simple galvanometer is as satisfactoiy, 
smce observations are made at one potential only 

The dropping- mercury cathode used throughout this 
mvestigation had the following charactenstics Height of 
mercury 62 cm , drop tune 2 4 sec , rate of flow 2 70 mg /sec 
m N KCl on open cuomt No attempt has been made to 
work at a constant temperature, but any given set of 
measurements has been completed withm so short a time 
that temperature vanations have been small There is, 
however, an obvious advantage to be gamed by working 
at a constant temperature The polarograph cells were of 
two sizes, one 9 mm mtemal diameter, 8 cm long, and the 
other 3 mm mtemal diameter and 3 cm long, each was 
fitted with a platmum anode sealed mto the bottom The 
larger ceUs required 1-2 ml and the small ones, which have 
to be completely filled with solution before the electrode is 
mtroduced (to avoid air hubbies), required 0 2 ml 

Throughout, sulphite has been used to remove 0,, and 
has proved more convement than Hj or other gas, parti 
cularly with the smaller volume of solution Smce, with 
our solutions, the step at about 0 0 V before the Cu step 
begins has been too steep to permit accurate measurement, 
the zero of the instrument, with the dropping cathode dis 
connected, has been employed as the reference pomt 

Supporting electrolyte 

A solution of 60 g CuClj 2H2O was added with stirrmg 
to 200 g NajHP04 12HjO m about 1 6 1 of distilled water, 
and NaOH was added to pH 9 0 The precipitate was 
filtered on a large Buchner funnel, ivashed on the filter 
with 2% borax solution, and then made up to 1 1 with 
2% borax solution This stock suspension can be kept 
mdefimtely 6 ml of this suspension, with 1 70 g 
Na2HP04 2HjO and 2 mb of the starch solution of Pope & 
Stevens (1939) were made up to 200 mb with 2% borax 
This suspension, which should be made up weekly owing to 
growth of moulds, forms the supporting electrolyte for the 
polarographic measurements The ammo acid was added to 
a known volume of this suspension and left for 30 mm. or 
more (it can be left for 24 hr without further change), 

1 or 2 mb were now added to the polarograph cell and a 
small knife pomt (c 2 mg ) of NajSOj was dissolved by 
stirring with a glass rod (1 mm diam with a bent end) 
which was rolled between fingers and thumb The dropping 
electrode was now put mto position and allowed to drop 
for 2 min with no current passmg The current at - 0 6 V 
was then observed at 1 min. mtervals until steady for 
1 mm., and then recorded on the photographic^ drum The 
instrumental zero, the droppitig electrode havmg been dis 
connected, was then immediately recorded on the same 
segment of the drum With the large cells the observation 
was discarded if the current had not become steady withm 
16 mm , and with the small tubes withm 6 mm Usually 
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the current had become steady 3 mm after the electrode 
had been put m 

The shape and height of the current voltage curve depends 
upon the composition of the supporting electrolyte In the 
absence of starch, two pronounced maxima are shown at 
about - 0 3 and - 1 3 V With about 0 01 % of starch, 
both maxima are suppressed, but the height of the step is 
not much affected (Fig 1) With higher concentrations of 
starch the height of the step is greatly reduced and the 
shape of the curve changed With the solution used there 
IB a long straight portion from 0 3 to - 1 2 V Pleasure 
ments have been made at —06V, which has been arbitrarily ' 
chosen withm this range 



Fig 1 Effect of starch on the current- voltage curve of the 
glutamic acid copper complex The short cross Ime near 
the ongm of each curve is the ‘instrumental zero’ 


The amount of Na,HP04 m the supporting electrolyte 
affects the height of the step In its absence, copper phoa 
phate IS sufficiently soluble to give a large blank of lomo 
copper In the presence of high concentrations of Na.HP04 
the amount of the lomo copper is so small that an appro 
enable proportion of the ammo acid does not react, and 
low results are obtamed both polarographicaUy and by 
lodometno titration. This is true also of a CuO suspension 
m 2% borax 

The original Pope & Stevens (1939) mixture gave satis 
factory results m the polarograph if the solution had been 
filtered from copper phosphate If the suspension was used 
without filtering, at about - 0 6 V the current began to 
mcrease, and at higher voltages became very large and 
mdependent of the amount of copper m solution The value 
of the current m the supporting electrolyte m the absence 
of ammo acids is very variable The presence of as httle 
as 2 6 X lO”*!! ammo acid greatly reduces the vanabdity 
For this reason, no blanlfs are moluded m the compansons 
given Perhaps because of tie vanabdity it has not been 
possible to demonstrate a consistent curvature of the 
ouirent/ooncentration curve at the lower concentrations of 
ammo acids When an ammo acid on a paper chromatogram 
was to be estimated, the papej containing the ammo acid, 
which had an area of about 40 cm was folded, out mto 
pieces of 10 mm ® and mtroduced mto a centnfuge tube by 
means of a wide necked funnel, 3 ml of the supporting 
electrolyte were then added, which just covered the paper 
It was then allowed to stand overnight to ensure that 
diffusion of the ammo acid from the paper to the copper 
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phosphate ■was complete The paper and the copper phos 
phate were centnfoged down and the supernatant liquid 
■was transferred to the polarograph cell and the measure 
ment made as before 

t 

Chromatoprophtc techntqw 

The method described hy Consden et ol (1944) and 
Consden, Gordon & Martm (1947) has been folio-wed -with 
out essential change Whatman no 4 paper has, ho-we-ver, 
been used and HCN has been employed to ehminate the 
‘pinir fronts’, -where necessary Wide strips were used, so 
that the ammo acids would not approach the edge of the 
paper -where irregularity of runiung is likely to occur 
A sheet of filter paper -was marked out -with pencil mto, 
say, ten strips, each 4 cm -wide The solution to be analyzed 
was apphed with a microhurette to strips 3, 6, 7 and 9, 
about 7 cm from one end The amount, the same for each 
stnp, should he enough to contam about 20 fig of each 
ammo acid to he estimated To strips 2, 4, 6 and 8 was 
apphed the control mixture, -with the amounts on each 
strip m anthmetical progression, the mean amount hemg 
similar to that behoved to have been put on stnpa 3, 6, 7 
and 9 Strips 1 and 10 had amounts of control mixture 
^ equal to that on stnp 8 After development of the chroma 
togram, and very thorough drymg, strips 1 and 10 were 
out off, treated -with nmhydrin and -nsed as gmdes for 
cnttmg up the other stnps The gmde strips have more 
amino acid on them than most of the other strips, and 
hence the separation is probably better on the other 
stnps 

Since there -was no direct indication of the proper place 
to cut, merely an inference from another chromatogram, the 
line of cuttmg earned an appreciable error In. order to 
ensure that the spots are well separated, the tune of running 
of the chromatogram was increased as compared -with that 
employed m quahtative work. If the guide stnps sboiv 
any conaderahle difference between each other or if the 
spots are not well separated, that experiment should bo 
abandoned 

In all the measurements a direct companson has been 
made between the matenal under analysis and a control 
mixture which simulates it as closely as possible By such 
a companson, rather than by attempting an absolute 
measure, vanoua errors, c g those due to venation of 
temperature or to adsorption by the paper, were minimized 

After the polarographio measurements had been com 
ploted m the way desenbed above, the current at 0 6 V 
was plotted against the amount of ammo acid for the 
control senes The best straight Imo was then dra-wn (by 
inspection) through these pomts (Pigs 8 and 9) This 
procedure is justifiable over the range of concentration 
employed, smeo no consistent curvature has been dis 
covered The mean of the current readings of the mixture 
under analysis -was then plotted on this hue and hence the 
amount of ammo acid present was inferred 

RESULTS 

Tlio results of apphcation of these methods are 
presonted graphically bolorv Pigs 2 and 3 show 
the relation bet-ween current and concentration of 
nmino acid, the solution bemg added directly to the 
copper phosphate suspension and used without 


filtration after addition of sohd sulphite No ex- 
planation has been found of the variation of both 
zero current and slope from one experiment to the 



Pig 2 Eolation between current and concentration of 
ammo acid at - 0 B V nsmg large and smaU ceUs The 
zero of the glutamic acid in small cells has been reduced 
by 6 mm,, and glutamio acid m large HellB by 10 mm., to 
avoid ovetlappmg Sensitivity of gal-vanometer 1/60 



Fig 3 Relation between current and concentration of 
ammo acid The zero of the lencme hne has been raised 
5 mm. to avoid overlapping Sensitivity of galvano- 
meter 1/7 " 

next, -while the resulta withm a given experiment 
(represented by a smgle Ime on the graph) are much 
more consistent The copper complex of lencme is 
too insoluble to be used satisfactorily alone at 10 ~®m 
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In Pig 4: a compariflon IS made between measured 
amounts of glyome put on a chromatogram, alone 
and mixed with glutEumo acid The cliromatogram 
•was run for 41 hr m phenol coal gas 0 3%NH3 The 
extra mampulation and lo'wer concentration has 
resulted m a decreased consistency of the measure- 
ments Large cells "were used here and throughout 
the remamder of the ■work 



Amlno-acid applied to paper (mol x10-’) 


Fig 4 Glycine and glutaimo acid separated on 
otuomatogram Galvanometer sensitivity 1/6 



Fig 6 Atgimne, leucme and alanme separated on 
chromatogram Galvanometer sensitivity 1/3 


In Fig 6 a comparison is made between measured 
amounts of arguune put on a chromatogram alone 
and mixed -with leucme and alanme Alanme results 
■were lost Chromatograms ivere run 41 hr m 
s-coUidme diethylamme HON 

In Fig 6 a comparison is made between measured 
sunounts of prohne put on a chromatogram alone 
and as a mixture of equimolar amoimts of prohne, 
valme, leucme, glutamic acid, aspartic acid, phonyl- 
alamne, tyrosme and ormthme The chromatogram 


■was run for 67 hr m s-coUidme diethylamme 
HCN 

In Fig 7 a comparison is made between glutamic 
acid alone and aspartic acid alone and both, m the 
same mixture as used m the e^^penment described 



Fig 6 Prolme alone and separated horn a mixture 
Galvanometer sensitmty 1/3 



Fig 7 Glutamic and aspartic aoids separated ftom a 
mixture of ammo acids Galvanometer sensitmty 1/2 
X, controls of the single ammo acids, •, ammo acid 
applied as nuxtnre 

m Fig 6 The chromatogram ■was developed for 
67 hr ■with phenol-0 3 % NH^ The aspartic and 
glutamic acids were not, on this occasion, perfectly 
separated from each other as judged from the guide 
strips, though well separated from the six other 
ammo acids For this reason the sum of the de 
flexions for aspartic and glutamic acids has also been 
plotted for the mixture and the controls 
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Analysts of gramicidin S 


Figs 8 and 9 show an analysis of gramicidin S 
Synge (1946) concluded that this substance consists 
of eguimolecular amounts of ormthme, prolme> 
vahne, leucme and phenylalanme, perhaps with. 1 or 
2 mols of water 

10 8 mg of air dry gramicidin S were weighed into a 
small tube with 1 mL of 0H HCl The tube was sealed and 
put in an oven at 105-110° for 48 hr After opening, it was 
dried in a vacuum desiccator over KOH. To remove farther 


fuge tube) The mean values are plotted on the lines 
given by the control mixture 

Fig 9 shows results obtamed with benzyl aloohol- 
HCN The chromatogram was run for 41 hr Com- 
parison was made between five levels of control 
mixture and four spots of 10 pi of gramicidm 
solution The deflexiona given for the gramicidm S 
were leucme, 39 0, 39 0, 39 6, 38 5, mean 39 0 mm , 
phenylalanme, 36 0, 36 6, 36 0, 36 6, mean 36 6 mm 
The mean values of the gramicidm iS deflexions were 
plotted on the fines given by the control mixture 



Fig 8 Analysis of gramicidm S x , mean of five deter 
minations on 10 /d of hydrolysate, other pomts amglo 
values of control mixture Sensitivity of galvanometer 
2/3 

HCl, water was added twice, and evaporated m the 
desiccator Fmally, 1 013 g of water were added 10 pL of 
the resnltmg solution were used on each chromatogram 
spot Smee altogether nmo spots were used, 0 98 mg of 
gramicidm 8 was actually consumed m the anolyBiB 
The control mixture contamed 12 8 mg uL-prohne, 
0 0 mg DL-vafine, 12 7 mg L-omithme hydrochloride, 
13 3 mg DU-phonylalanme, 9 8 mg nir-leucme made up to 
10 mL The ornithine was a rather dark coloured spedmen 
prepared from argmme but free from other ammo amds 
The other ammo acids were snpphed by Hoohe Producta 
Ltd and believed to be pure 

Fig 8 shows the results obtamed with s-colfidme- 
diotfiylamine HCN as solvent The chromatogram 
was nm for 67 hr Companson was made between 
the synthetic mixture, run at four different levels, 
nnd fi\ e lots of gramicidm S at the same level of 
10 ;il of solution The deflexions given for the 
gramicidm S w ere omithme, 63 6, 64 0, 64 6, 64 6, 
64 6, moan 64 2 mm , prolme. 60 0, 61 6, 51 1, 62 0, 
60 0, mean 60 9 mm , v ahne, 69 6, 69 0, 69 8, 69 0, 
mean 69 3 mm (one lost tlvrough craokmg of centn- 



Fig 9 Analysis of gramicidui 8 x , mean of four deter- 
minations on 10 pL of hydrolysate, other pomts smgle 
valuesofcontrolmixture Sensitivity of galvanometer2/3 

From Synge’s formula, the mols of each ammo- 
acid contamed m 10 pi of the hydrolysate are 
1 69 X 10~’ assummg 1 mol HjO, and 1 64x lO"'’ 
assummg 2 mols HjO The amounts of ammo acids 
detenmned from Figs 8 and 9, m terms of 
mols X 10“’, are Found prohne, 1 62, vahne, 
1 86, omithme, 1 66, leucme, 1 63, phenylalanme, 
1 67 Exjiected for all ammo acids 1 64 mols 

DISCUSSION 

An advantage of the use of the lower concentrations 
of ammo acids which are described here, compared 
with those used by Kober (1912) or Pope & Stevens 
(1939), IS that ammo acids formmg relatively m- 
Boluble copper complexes, e g leucme and phenyl- 
alamne, can be used without the addition of a 
solubihzer such as glycme or glutamic acid, the 
use of which is, because of the large amount which 
has to be added, attended with a large mcrease of 
error Colonmetnc methods of measurmg copper 
are available which could almost certainly be made 
to work at the micro level required, but the labour 
mvolved m these is great compared to the use of the 
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polarograph directly on the suspension Apart from 
its use for ammo acids, the method should he appli* 
cable to peptides, provided authentic specimens of 
these exist for comparison For the ammo acids, 
the value of the method hes prmcipally m the small 
amount of material required for analysis, though at 
present the 'whole range of a min o acids have not 
been dealt ■with simultaneously For certam ammo 
acids the nucrobiological methods, 'while usmg com 
parable amounts of material, are more accurate For 
peptides it IB improbable that it ■wiU be worth while 
developmg the microbiological methods 

The results obtamed m the analysis of gramicidm 
S , though mtended pnmanly as a test of the method 
of analysis, may he considered 'to confirm the formula 
proposed by Synge (1946) The material consumed 
m the analysis here (0 96 mg ) is about 10 % of that 
which Synge employed, usmg partition ohromato 
graphy of acetsumdo acids on sdica columns 
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SUMMARY 

1 Various methods have been mvestigated m an 
attempt to render quantitative ammo acid analysis 
by partition chromatography on paper 

2 A polarograpluc modification of Kober’s 
method for the estimation of ammo acids as their 
copper complexes is described A few micrograms 
only are required 

3 Estimations of several ammo acids m a number 
of simple mixtures are presented An analysis of 
gramicidm 3 usmg 1 mg only, confirms the formula 
proposed by Synge 

Thanks are due to the Council of the Wool Industnes 
Research Association for permission to publish and to the 
Director of Research, Mr B R Wdsdoa, for bis mterest 
and encouragement 
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The Ammo -acid Composition and Titration Curve of Collagen 
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{Received 11 February 1948) 


The ammo-acid composition of gelatm has been 
extensively studied, but until recently httle atten- 
tion has been paid to that of its precursor collagen, 
the natural protem of skm Some of the analyses of 
coUagen which have been reported were earned out 
bymethodswhicharenowoonsideredunsatisfactory, 
and m no case have most of the major component 
ammo-acids been detenmned m one sample of the 
protem Further, most of the analyses have been 
made on collagens which had been given an aUcalme 
or enzyme treatment, or both, 'to remove the 
keratms, elastic fi.bres and reticular tissue which 
occur m close association with it, and there is a risk 


that such -treatments ■wdl cause some modification 
of the coUagen 

For the present study, a sample of coUagen has 
been prepared -with the minimum of chemical treat 
ment, smee it was considered that the presence of 
smaU amounts of elastic fibres and reticular tissue 
would lead -to less error than the treatments neces 
sary to brmg about their removal Also, it seems 
doubtful whether it is possible to remove these 
proteins completely by any of the methods wluoh 
have been suggested On tins preparation Chibnall 
and his coUaborators (ChibnaU, 1946, Maepherson, 
1946, Rees, 1946, Tristram, 1946) have determmed 
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the basic and hydroxyamino acids, and the foUo-wmg 
neutral ammo acids alanme, leucme, laoleucme, 
vahne, phenylalanme and prohne, the present 
authors have detennmed total N, ammoN, armdeN, 
glutamic and £ispEuiii6 acids, and methionme 

The acid and basic ammo acid contents may also 
be deduced from the titration curve of a protem 
This procedure has an advantage over analysis for 
the mdividual ammo acids m that it gives infor- 
mation regardmg the reactive groups, mcludmg 
termmal groups, m the mtact protem, and com- 
parison of the results mth those ohtamed by direct 
analysis can give information regardmg the -way m 
■which the ammo acids are hnked m the protem 
molecule (ChibnaU, 194:2,Cannan,Eabnck&Pahner, 
1941, 1942) 

It must be observed, hoirever, that the titration 
curve of a fibrous protem only gives an exact m- 
dication of the titratable groups when it is deter- 
mmed m the presence of salts {Speakman & Hirst, 
1933, Jordan Lloyd & Bidder, 1934, Stemhardt & 
Hams, 1940) This effect of salt is due m the first 
place to its influence on the Dorman equihbnum 
The effective pH value for the equdibnum 
i?COO~ + H+^iJCOOH 

IS the pH value m the protem phase , m the absence 
of salte this pH value is higher than that m the 
external solution, except at very low pH values, and 
so the bmdmg of fiydrogen ions is less than that 
oorrespondmg to the external pH value It has also 
been suggested (Gilbert & Bideal, 1944) that 
stoicheiometric bmdmg of hydrogen ions by fibrous 
proteins only occurs when some amons are also 
bound m order to lessen the large potential ivhich 
would otherwise exist between fibre and solution 
The addition of salts, by mcreasmg the concentration 
of amons, will facihtate this bmdmg, and thus favour 
stoicheiometric bmdmg of hydrogen ions (see also 
Stemhardt &, Hams, 1 940) Similar arguments apply 
to titration wnth alkah The concentration of salt 
necessary for stoicheiometnc bmdmg depends on the 
protem , with collagen it has been shown to be 0 1 m 
or greater (Retterova, private commumcation) 

In the present mvestigation the titration curve 
has been determmed m the absence of salts, and also 
m tho presence of 0 6m sodium chloride 

IMETHODS 

Prcparalion of collagtn The back area of a freshly flayed 
ox hide was cut into pieces (e 18 x 12 in.), which -were 
washed in a revolving glass drum, first with water and then 
with 10% IsnCl for 30 mm Tho pieces were left stationary 
overnight in a fre^h XaO solution, drummed for 30 mm. 
in this solution, washed m several changes of distilled irater, 
and dchj drated with acetone The gram layer (contaimng 
the hair roots, and tho greater part of tho muscle and elastic 
fibres) and a thm layer from tho flesh side were spht off. 


and the remaining material cut into 1 cm cubes The cubes 
were degreased with three changes of light petroleum 
(b p 40-60°) at room temperature for 6 days, washed with 
successive changes of distilled water, and dehydrated with 
acetone The purified collagen contamed ash 0 03, moisture 
23 0 and grease <0 1 % 

Analyses Total N was detennmed hy the method of 
ChibnaU, Bees & Wflhams (1943), and amide N by the 
method of Bailey (1937) and Lugg (1938) The ammo N 
was determmed by the Van Slyke manometno procedure, 
TiBing an auxihaty reaction vessel as desenbed by Doherty & 
Ogg (1943) To ensure thorough wetting of the sample, the 
finely shaved coUagen (0 16—0 20 g ) ■was placed m the 
extraction ■vessel ■with 2 mL of -water, the vessel evacuated 
while shaking, and left under vacu-om overnight The vessel 
■was re e'vacuated immediately before the determmation. 

Dicarboxyho acids were determmed by the method of 
Gonsden, Gordon & Martm (1948), and methiomne by the - 
method of Baemstem (1932) 

TitreUton curves Collagen (0-76 g ) was placed m 76 mL 
of solutions containing measured volumes of HCl and NaOH 
in resistance glass vessels at 20° Bor the titration curve m 
the presence of salt, sufficient NaCl was added to give a 
final Cl~ concentration of 0 6m m the acid solutions, and 
a final Na'*' concentration of 0-6m in the alkalme solutions 
After 3 days, m which time eqmhbnum -was known to have 
been reached, samples were -withdra-wn for pH deter- 
minations, and for titration ■with acid or alkah u sin g 
bromocresol purple as mdicator When the final solution 
was too dilute for titration (between pH 3 and 11) the 
concentration of acid or alkah was obtained from the pH 
by the use of blank curves for water and for 0 5m NaCl, 
this avoided the necessity of choosing suitable aoti'vuty 
coefficients for the two systems In the more concentrated 
solutions, the amount of amd or base bound by the collagen 
is smaU compared ■with ■that remaining m solution, and 
larger samples of collagen (2 g m 100 mL) were used. 

pH values were determmed at 20° using a glass electrode 
assembly mounted m a thermostat (Coates, 1945) pH 
values above 0 0 were detemuned -with a glass electrode of 
low sodium error (Dole, 1941) 

In determining the amounts of alkah bound, precautions 
were taken to avoid contamination ■with CO, The collagen 
was placed m the vessel sho-wn m Fig lo, and the air 
displaced with CO, free air passed m by the tube B The 
solution of alkah was then added, the tube A closed -with 
a small rubber bung, and jB by a rubber cap Samples for 
titration were taken by inserting a pipette at A, carrymg 
a similar rubber bung, and forcing the solution mto this 
pipette by passing CO, free air mto the vessel at B The 
titration was earned out m a vessel through which a stream 
of CO, free air was contmnonsly blown. In the deter 
mmatiQuof pH, the solution was forced up iqtothe electrode 
vessel m a similar way (see Fig 16), or, m the case of the 
electrode system mounted m the thermostat, a sample 
■was transferred by means of a pipette 
The soluble N m some of the solutions below pH 2 0 and 
above pH 12 was determmed by micro Kjeldahl (Markham, 
1942) to give an mdication of the extent of decomposition, 
but no attempt was made to apply a correction, owmg to 
lack of information concerning the ongm of this N 
Esiimale of errors involved in the determination Errors 
may arise from the foUowmg causes (1) Difference in the 
pH -value between the solution rnside the collagen and the 
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external Bolution (2) Introduction of water with the 
collagen, thus inoroasing the total volume of solution 
(3) Binding of water by the collagen, thus decreasing the 
amount of water available for solution of the acid or 
alkali. (4) Decomposition of the collagen, or hberation of 
groups not ongmolly present in the native collagen 


0 03 mmol /g , and at pH 2 0, 0 003 mmol /g The foot' that 
the curves show well defined maxima m the acid and 
alkahno ranges confirms that the net error must be 
small ■■ 

The soluble N present in the solutions (see Toble 1) 
indicates that decomposition of the collagen was small oven 


Table 1 Soluble nitrogen derived from collagen 
after 3 days' contact with acid or alkali 

In the presence of 

In the absence of salt Ofiii-NaCl 


pH 

mg N/g 
collagen 

pH 

mg N/g 
collagen 

168 

0 14 

1 64 

0 95 

108 

012 

173 

0 86 

180 

016 

1 86 

0 77 

— 

— 

200 

0 69 

— 

— 

210 

0 70 

12 38 

164 

12 40 

104 

12 69 

172 

12 69 

1 28 

— 

— 

12 66 

121 

12 78 

1 96 

12 71 

108 

12 92 

2 22 

12 86 

1 44 

18 10 

3 86 

13 12 

3 08 


in the most acid and alkalme solutions The chief source of 
this N 18 probably NH, from hydrolysis of armde groups 
Under the conditions of the experiment the greater part 
of this NH3 will bo titrated with acid, thus compensatmg 
for the alkah bound by the fioed carboxyl groups, and 
hence such decomposition wdl not affect the calculation of 
the amount of alkah bound by the ongmal collagen 

RESULTS 

Amino-actd composition 

The collagen, prepared as described, may be con- 
sidered to be a reasonably pure sample Of the other 
protems and tissues present m the fi-esh skm, 
albumins and globuhns will be removed by treat 
ment m'sodium chloride solution (Kntzmger, 1948), 
and the greater part of the keratins, elastic fibres. 



Kg 1 


Apparatus used for the determination of titration curves 


The first of these errors will be appreciable m the absence 
of salt, and may m part be the cause of the difference m the 
shape of the curves obtamed with and without salt In the 
presence of 0 611 NaCS it is neghgible (Retterova, private 
commnmcation) Smee the second source of error partially 
compensates for the thud, no correction was made for it. 
As the volume of solution is large compared with the 
amount of collagen, the net error must always be smalL 
Assuming the collagen bmds 60% of water (Cheshire & 
Holmes, 1042), the error at pH 1 would be of the order of 


muscle fibres, sweat glands, fat cells, etc will be 
removed mth the gram layer (Dempsey, 1946) The 
remammg impurities are, therefore, a small amount 
of reticular tissue and some elastic fibres, the 
presence of which should not greatly affect the 
results obtamed 

The total H of the present collagen preparation 
IS rather iugher than the value generally quoted for 
skm collagen, ^but is the same as that obtamed by 
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Table 2 Analyses of collagen 


Total N , 

Nas% 
protem N 

g/lOOg 

coUagen 

18 6 

mmoL/g 

collagen 

Amide N 

36 

0 66 

0 47 

Ammo N 

26 

0 46 

0 33 

Methionme 

04 

08 

0 05 

Aspartic aoid 

36 

63 

0 47 

Glutamic aoid 

68 

113 

0 77 


Bergmann & Stem (1939) for ox hide tendon pre 
pared m a Biimlar manner Earher values for slcin 
collagen have been deterrmned on material which 
has had some treatment (alkabne or enzymio) hkely 
to lead to loss of mtrogen from anude or guamdmo 


The values for the dicarboxyhc acids are consider- 
ably higher than those obtamed by Dakm (1920) for 
gelatm, and Schneider (1940) for coUagen, and are 
of the same order as values recently obtamed for 
gelatm by microbiological methods (Hac & Snell, 
1946, Stokes & Gunness, 1946, Lewes & Olcott, 
1946, Hao, SneU & Wdhams, 1946, Hier, Graham, 
Enedes & Klem, 1946) Gale (1946), usmg a specific 
decarboxylase, found an average value of 10% 
glutamic acid for this and other similar samples of 
collagen prepared by the present authors This value 
IS likely to be low owmg to racemization of the 
glutarmc acid durmg hydrolysis (Gale, 1946) 

The methionme content of the present collagen is 
lower than that quoted by Baemstem (1932) for 



Fig 2 Titration curves of collagen with and without sodium chlonde 


groups The amide N is considerably higher than 
tallies quoted for gelatm Pakm, 1920, Chibnall, 
1942), presuraablj because gelatm is usually made 
under conditions of alkah treatment which favour 
the breakdown of tlio amide groups (Highberger & 
Steckor, 1941 , Ames, 1944) The ammo N is of the 
same order ns \ nlues obtamed by Rutherford, Hams 
A Smith (1937) and Knnagy & Hams (1935) for 
hide pou der 


gelatm, but is m good agreement with recent imcro- 
biological determmation on gelatm Horn, Jones & 
Blum (1946), 0 78 % , Lyman, Moseky, Butler, Wood 
& Halo (1946), 0 88 and 0 83 % 

Tttraiton curves 

As m previous titration curves of collagen and 
other fibrous proteins, the curve m the absence of 
salt shows a broad isoelectnc range m which no 



362 . 


J H BOWES A]SrD R H KENTEN 


combination with acid or alkab takes place, and the 
acid and alkalme portions of the curve are shifted 
to lower and higher pH values respectively (Fig 2) 
In the presence of sodium clilonde, however, there 
IS a defimte isoelectric pomt at pH 6 6-6 8, and the 
curve approaches that of a soluble protem The 
curve shows clearly defined acid and baae-bmding 
maxima of 0 90 and 0 36 mm ol /g of coUagen at 
pH 1 6 and 12 6 respectively 

In contrast to the findmgs of Theis & Jacoby 
(1941c, 19426), who used coUagen which had been 
given a prelunmary alkahne treatment, the acid- 
bmdmg maximum is greater m the presence of salt 
than m its absence, and there is little mdication that 
the two curves would meet if extended to lower pH 
values There is also an mdication that maximum 
base bmdmg is less m the absence of salt 

Previous titration curves of collagen, all of which 
were determined on coUagen which had received 
either an alkahne or enzjmuc treatment, show iso- 
electric pomts between 6 4 and 7 9 (Theis & Jacoby, 
1940, 1941 o, 6, c, 1942a, 6, 1943a, 6, Atkin, 1937), 
and m those curves where defimte maxima can be dis- 
tmguished (Theis & Jacoby, 1941c, 1942a, 1943a, 6), 
an acid-bmdmg capacity of 0 86-0 90 mmol /g , and 
a base bmdmg capacity of 0 38-0 46 mmol /g The 
curves of alkah-treated coUagen all show an ap 
preciable base bmdmg capacity m the pH range 
6-8, which is absent m the present curve , this is also 
characteristic of titration curves of gelatm, and may 
be attributed to mcrease m the number of carboxyl 
groups resultmg fi-om hydrolysis of amide groups 
The present curve can be divided mto three portions, 
-pH 1 6-4 9, 4 9-9 6, and 9 6-12 6, and from con- 
sideration of the probable pK’s of the groups 
mvolved, may be mterpreted as mdicated m 
Table 3 


1948 

It IS not possible to distmguish separate sections 
of the curve due to titration of the imidazole and 
a ammo groups, as these are j^resent m small 
amounts and do not differ greatly m pH (imidazole, 
pK 6 6-6 6 , a ammo, pK 7 6-8 6 (Ckihn & EdsaU, 
1943)) Smce coUagen contains a high proportion of 
prolme and hydroxyprolme, it is possible that there 
are some termmal unmo as weU as a-ammo groups, 
and these wUl titrate m a similar pH range (unmo of 
prolme, pK 9 7 , unmo of hydroxyprohne, pH 10 1 
(Cohn & EdsaU, 1943)) It was also not possible to 
assign any portion of the curve to titration of 
phenolic hydroxyl groups, and m view of the smaU 
amount of tyrosme m coUagen and the doubt con- 
cemmg the extent to which it titrates (Fruton cfc 
Lavm, 1939, Stemhardt, 1939, Neuberger, 1943) it 
has been omitted fipom the analysis of the curve 

There is no indication that the guanidino group is 
titratmg m the pH range covered, and the pK of this 
group m coUagen must be greater than 14 A similar 
observation has been made by Lichtenstem (1940) 
m connexion with the titration curve of gelatm 

DISCUSSION ' 

As far as is known to the present authors, the figures 
for total N, amide N and ammo N are the first to be 
reported on skm coUagen which has received no 
alkalme or enzymic treatment, and it is not sur- 
prismg, therefore, that the values for the first two are 
higher than those generaUy quoted for coUagen 

The free ammo N as determmed by the Van Slyke 
method and the number of e- and a ammo groups 
deduced from the titration curve (see Table 3) are 
m close agreement, but appreciably less than the 
value mdicated by determmation of the lysme and 
hydroxylysme m the basic ammo acid fraction of 


Groups titrating 


Table 3 Analysts of titration curve 


pK 

^ from 

Method of calculation curve 


Amount present 
(mmoL/g ) 

— A - 

f s 

From From 

curve analysis 


(o) Totalhasio groups 
(6) Irmdazole 
Immo 
a Ammo 
(c) £ Ammo* 


Titration from 1 6 to isoeleotno pomt 
Titration from 4 9 to 9 6 
Titration from 9 6 to 12 6 


76 

110 


(d) Free carboxyl 

(e) g Ammo+immo 
(/) Guamdmo 

(^) Armde 

(6) Dicarboxylic acids 


Titration from 1 6 to 4 9 

(6) - 0 06 mmol imidazole groups 

(o)-(6)-(c) 

From analysis 


36 

>14 


0 90 

0 07 

0 34 

0 87 
0 02 

0 49 

1 32 


0 94 
0 05 


0 39 
0 79 


0 33 
(Van 
Slyke) 


0 61 

0 47 

1 28 


* Including the side oham NH, group of hydroxylysme The pK of the ammo group not a to the i^bupd “ 

hydroxylysme is 9 60 as compart with 10 3 for the t groups of lysme under the same conditions (Van Slyke, 
MacFadyen, Hastmgs & Klemperer, 1940), and it may be assumed to titrate m approximately the same range as tne 
£ ammo groups of lysme 

t It is assumed that termmal carboxyl groups are eqmvalent to a ammo + imm o groups ' 
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the hydrolysate (Macpherson, 1946) It is possible 
that in ^lie mtactprotein some of the e ammo groups 
are bound mto the polypeptide cham or for some 
reason not avaUable for reaction, or alternatively 
the analytical figure may be too high The lysmo N 
was determmed by difference (total N of basic 
fraction mmus arginme, histidme and hydroxy 
lysme N), and hence is subject to a cumulative error 


oxyhc acids are bound, or ^hal there is any appre 
ciable number of termmal ammo or carboxyl 
groups ' 

The analytical results obtamed m this mvesti- 
gation, together with those previously obtamed 
(GhibnaU, 1946, Macpherson, 1946, Rees, 1946, 
Tnstram, 1946) on the same sample of collagen, are 
given m Table 4. 




Table 4 

Oompoattton of coUagen 



(7) 






Mimmuin 

(6) 

Apparent 




(3) 


moL "wt 

Assumed 

mmimum 

Ammo acid 

(1) 

N as % 
protem N 

(2) 

g/lMg 

Asg 
residnes/ 
100 g 

(4) 

As 

mmoL/g 

calc from 
data m 
(1) 

number 

of 

residues 

mol wt 
caic from 
(6) and (6) 

Total N 

— 

18 6 a 

— 

— 

— ' 



Amino N 

Glycme 

Alanme 

2 5(1 

26 3(5 
805 

0 46 

26 2 

96 

19 9 

76 

0 33 

3 60 
. 106 

286 

941 

136 

41 

38,880 

38,680 

Loueme ) 

3 2b 

68 

48 

042 

2,360 

17 

39,950 

Isoleucme) 

Vfllin6 

226 

3-4 

29 

0 29 

3,420 

11 

37,620 

Phenylalanme 

Tyrosme 

196 

066 

42 

14 

37 

13 

0 26 

0 08 

3,960 

12,640 

10 

3 

39,600 

37,620 

Tryptophan 

Serme 

OQd 

256 

00 

34 

0-0 

27 

000 

0 33 

3,010 

13 

39,130 

Threomne 

1 66 

24 

20 

0 20 

6,020 

8 

' 40,160 

Cystine 

Mothionme 

0 0« 

0 4a 

00 

08 

00 

07 

000 

0 06 

18,820 

2 

37,640 

Prolme 

996 

16 1 

12 7 

132 

760 

61 

38,760 

Hydroxyprohne 

Lysme 

80c 

476 

14 0 

46 

' 121 

40 

107 

0 31 

941 

3,200 

41 

12 

38,680 

38,400 

Hydroxylysme 

126 

13 

1 1 

0 08 

12,660 

3 

37,680 

Argmme 

15 36 

88 

79 

0 61 

1,969 

20 

39,380 

Histidme 

126 

08 

07 

0 05 

18,820 

2 

37,640 

Aspartic acid 

3 6a 

63 

, 66 

0 47 

2,092 

19 

39,760 

Glutamio aoid 

6 8o 

11 3 

10 0 

0 77 

1,297 

30 

38,910/ 

Amide N 

3 6a 

0 66 

— 

0 47 

2,167 

18 

38,740 

Total found 

99 8 

119 00* 

99 6* 

10 76* 

— 

419 

38,730 


(mean) 


♦ Excluding amide N 


(а) Dotemuned by present authors 

(б) Determined by Clubnall and coUabomtors on the same sample of coUagen. 

(c) Bergmann & Stein (1939) 

(d) Block Bolling (1946) 

(e) Baemstein (1930) 


i 


The values obtained by the present authors for 
the dicarboxyhc acids are 60% higher than the 
earlier values of Dakm (1920), and, although pro- 
bably still an underestimate, are the best values at 
present available for collagen (ConsdenetaJ (1948) 
report 91 and 90% recoveries of glutamic and 
aspartic acids, respectiv oly, from synthetic imxtures 
simulating wool ) Ifa correction based on the results 
of Consdon ct al (1948) on wool is applied, the total 
dicnrbov\hc acid content agrees well with that 
deduced from tho titration curve 

IVith tho exception of the c amino groups of 
h’sino, tho 1 nines deduced from the titration cum e 
are in agroemont with those obtamed by analj-sis, 
and there is no induction that anj of the other 
reactno side-chain groups of tho basic or dicarb 


From a survey of the hterature, it is evident that 
of the remammg ammo acids, tryptophan and 
cystme are absent, but that glycme and hydroxy- 
prohne are present m considerable amounts Values 
for these last two have been selected from the 
literature to complete the attempted survey of the 
ammo acid composition of collagen given below Of 
these, the figure for hydroxyprohne is most hkely 
to be m error, the method used is not entirely 
reliable and the determmation was made on gelatm 
VTien the composition of collagen was considered 
by Braybrookes (1939) and by Bowes (1943) the 
analysis was mcomplete The higher figures now 
obtamed for some of the ammo acids, notably 
phenylalanme and the dicarboxyhc acids, and the 
addition of vahne, threonine, serme, and hydroxy- 
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tysme to the hst of ammo acids present m appreciable 
amounts, have now made up the deficiency Using 
the values given m Table 4, it is now possible to 
account for o% er 99 % of the total N of collagen (see 
col 1), and the sum of the ammo acid residues 
(col 3) approaches 100 The analysis of collagen is, 
therefore, virtually complete Although the values 
of some of the ammo acids may be adjusted shghtly 
as a result of improved methods of analysis, it is 
unlikely that any great changes m the values will be 
made, or that other ammo acids wdl be found to be 
present m important amounts 

Calculation of the minimum molecular weight 
fi-om the data m cols 1, 6 and 6 gives a value of 
about 39,000 Earher calculations from the com- 
position of gelatm have given figures of 10,300 
(Jordan Lloyd, 1920), 10,000-12,700 (Cohn, Hendry 
& Prentiss, 1925), and 34,600 (Atkm, 1933) 

The mean residue weight calculated by summation 
from the data m Table 4 

' E wt of ammo acid residues/lOO g protem 
S g residues/ 100 g protem 

IS 92 6, and the same value is obtamed by calculation 
&om the N distribution (ChibnaU, 1942) Prom 
X-ray data and the density of dry gelatm Astbury 
( 1940) obtamed a value of 94 for the average residue 
weight m gelatm Takmg 39,000 as the mean mole 
cular weight and 92 6 as the average residue weight, 
the number of residues/moleoule is 421, of w^ch 
419 have been identified (col 6, Table 4) 

SUMMARY 

1 Collagen has been prepared from ox hide with 
the TniTiTrmTm of chermcal treatment The toted N 
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and anude N contents of the coUagen are higher than 
those previously reported The glutamic and aspartic 
acid contents are nearly double the values quoted by 
Dakin (1920) for gelatm 

2 The titration curve of this coUagen has been 
mterpreted m terms of the titratahle groups, and the 
values deduced are, m general, m agreement with 
those obtamed by direct analysis, and mdicate that 
the side cham groups of the basic and dicarboxyho 
acids are firee, and that the number of termmal 
groups 18 small 

3 It is now possible to account for over 
99% of the mtrogen m coUagen, and it is con- 
sidered that it IS unlikely that any further ammo- 
acids wdl be found to be present m important 
amounts 

4 The mimmum molecular weight calculated 
from the analytical figures is 39,000, and the average 
residue weight calculated both by summation and 
from the mtrogen distribution is 92 6 

In the course of this and other work the authors have had 
occasion to refer to the various determinations of the ammo 
aads in gelatm and collagen which have been made at 
different tunes, and it has been thought useful to put these 
on record Copies of this compilation may be obtamed from 
the Librarian, Bntish Leather Manufacturers’ Research 
Association 

The authors wish to thank the Council of the Bntish 
Leather Manufacturers’ Research Association for per 
mission to publish this paper, the Director of the Wool 
Industnes Research Association, m whoso laboratones the 
determination of the dicarboxyho acids was earned out, 
and Dr R Consden for advice and assistance m these 
determinations They also wish to thank Dr E F Gale for ' 
determinations of the glutamic acid content of vanous 
samples of collagen 
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The Effect of Alkalis on Collagen 

By JOANE H BOWES sJtm R H KENTEN 
The British Leather Manufacturers' Research Association, London, SJE 1 

(Received 17 February 1948) 


An essential process in the conversion of hides and 
skins to most types of leather is the removal of the 
hair or "wool by treatment in suspensions of hme and 
sodium sulphide, usually in the cold, for periods 
varying from a few hours to several weeks 

Although several workers have mvestigated the 
effect of mild alkahne treatment on collagen 
(Marriott, 1928, 1931, Kuntzel & Philhps, 1933, 
Kubelka & EmOedel, 1938, Highherger & Stocker, 
1941 , Ames, 1944), each has dealt only with one or 
two of the possible changes which may occur, and 
m only one instance (Marriott, 1931) has a collagen 
been used which has had no previous alkahne or 
enzymic treatment 

The present mveatigation has been carried out, 
therefore, on a collagen which has received no 
previous chemical treatment likely to cause chemical 
modification (see Bowes & Kenten, 1948), with the 
aim of obtaimng more precise information regarding 
possible changes occurrmg durmg mild alkaline 
treatment 


EXPERIMENTAL 

Alkali treatment of collagen CkiUagen prepared as pre 
vioualy described (Bowes & Kenten, 1948) was cut mto 
cubes about 1 cm square, and 100 g of this matenal, 
together with 310 mL of water, 1 66 g of Ca(OH)i, and 
90 ml of N NaOH were mcuhated in a sealed flask at 20° 
A prehininary experiment showed that these quantities 
gave an initial OH“ concentration of 136 m^equiv /I 
(pH 13 3 at 20°), and a final value of 68 m eqniv [L (pH 13 0 
at 20°) After 14 days the flask was cautiously opened to 
avoid loss of NHj, sufficient HCl added to bring the con 
tents to pH 4 6-5 0, the flask resealed and left at 20° for 
3 days Two batches of collagen (I and H) were treated in 
this way 

The collagen was filtered off, washed in running water for 
several hours, treated repeatedly with acetic aoid pH 3 
containing 16% NaCl, exhaustively washed with Water at 
pH 8, finally with water at pH 6, then dehydrated with 
acetone The pH of the last wash water was 6 6 (A httle 
toluene was added to aU wash waters to inhibit the growth 
of micro organisms ) 
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An appreciable amount of protem matter (solubilized 
collagen) was precipitated on neutralization. This material 
Tvas filtered off with the collagen and removed during the 
washing m running water 

The total N, ammo N, NHj and urea were detenmned m 
the solution m which the collagen had been treated It was 
assumed that the solution held by the collagen was of the 
same composition as the external solution, and that the 
total volume was equal to that of the solutions added plus 
the water held by the ongmal collagen, and the results 
were calculated accordingly The total N, a min o N, amide 
N, argmme, total hydroxy acids (serme +threomne + hydr- 
oxy lysme), and the titration and swe lling curves of the 
collagen, were also detenmned All results are expressed 
on moisture and ash free coUagen. Smoe the total N of the 
alkoh treated collagen is lower than that of the ongmal 
coUagen, the results expressed as a percentage of the total 
N may be misleadmg, and they have therefore been re 
corded also as mmoL/g protem 

Analysis Total N, amide N and ammo N were deter 
mmed as previously desonbed (Bowes & Kenten, 1948) 
Argmme was deter min er) by precipitation with flaviamo 
acid (Vickery, 1940) The value obtamed (8 3 %) was rather 
lower than that of 8 8 % found for the same coUagen 
sample by Macpherson (1946), who used a colonmetno 
method foUowmg the separation of the basic ammo acids 
by electrodialysis 

Hydroxyamino-acids The total hydroxyammo acids 
(serme +threonme+hydroxylysme) were detenmned by 
the penodate method as descnbed by Rees (1946), except 
that the penodate oxidation and subsequent distdlation of 
the NH, were earned out m a micro Kjeldahl apparatus 
The foUowmg solutions were successively added to the 
rmcro Kjeldahl apparatus, while preserving a hqmd seal at 
the ground glass stopper 6 ml of hydrolysate, 6 n NaOH 
to adjust the pH to 7, K HsS04 (sufficient to give a final pH 
of 7 0 after addition of other reagents), 1 6 mL of NaAsO, 
solution, 6 mL of phosphate buffer pH 7 2, 1 ml of 0 6 m- 
HIO4, 3 mL water The contents of the micro Kjeldahl fiosk 
were thoroughly mixed after each addition by warmmg the 
steam flask, and thereby causing a stream of air bubbles to 
pass through the solution. The NHj (preformed and peno 
date) was distdled off from 6 mL of borate buffer pH 12 0 
The preformed ITO3 was detenmned by a separate dis- 
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tiUation of 6 ml of hydrolysate at pH 7 0 from 6 ml of 
borate buffer 

Other determinations Ammoma m solution was deter 
mined by addition of excess KjCO, and aeratmg mto stan 
dard acid, urea by conversion to NH, by the action of 
urease foUowed hy the same procedure (Van Slyke & 
CuUen, 1914) The urea NH, was then calculated by 
difference It was necessary to use twice as much urease 
as that employed by Van Slyke & OuUen (1914) m order to 
obtam satisfactory results, this was probably due to m 
hibition of the urease by the high salt concentration of the 
solution (of Conway, 1947) The amount of urea was small 
compared with that of NH3, and tests showed that under 
the present experimental conditions the method gave an 
accuracy of ±10% 

Titration and swelling curves The titration curve of the 
alkah treated collagen (batch I) was detenmned m the 
presence of 0 6m NaCl as previously descnbed (Bowes & 
Kenten, 1948) For the swelling curves, 0 6 g samples of 
air dry collagen were placed m 100 ml of solution con- 
tairung varying amounts of HCl and NaOH at 20° After 
3 days, a sample of hqmd was withdrawn for pH deter- 
mination, and the pieces of collagen hghtly blotted and 
weighed The vessels used were the same as those employed 
for the titration curve, and the same precautions were taken 
to avoid contamination with COj The water content, 
expressed as a percentage of the moisture and ash free 
collagen, was plotted against the final pH value of the 
solution 

RESULTS 

Analytical 

There is good agreement between the results on the 
two separate batches of treated collagen, mdicatmg 
that the results obtamed are reproducible (see 
Table 1) 

Although the treatment given was comparatively 
drastic, the coUagen only decreased m weight by 
about 6 % , and was unchanged m appearance 
Approximately half the amide N was hberated 
durmg 14 days’ treatment, and a correspondmg 
amount of ammoma was found m the solution , there 


Table 1 Analyses of collagen, alkali treated coUagen and of coUagen dissolved hy alkaline solution 


CoUagen 



' 

Alkn.1i 

treated 

A 

Increase 
or decrease 

A _ 

Solution 

A 




Un- 

treated 

Batch 

I 

Batch 

n 

1 / 

Batoh 

I 

1 

Batch 

n 

/ 

Batoh 

I 

Batoh 

n 

Ash (%) 

0 03 

0 01 

010 

— 

— 

— 

— 

— 

Water (%) 

22 3 

23 7 

23 8 

— 

— 

— 

— 

— 

Total N (%) 

18 6 

18 2 , 

18 1 

-04 

-06 

Total N (mg /g ) 

9 0 

8 1 

Ammo N (as % TPN) 

248 

2 77 

2 94 

— 

— 

Ammo N (mg /g ) 

43 

43 

Ammo N (mmol /g ) 

Amide N (as % UTN) 

0 33 

0 36 

0 38 

+0 03 

+0 06 



— 

— — 

3 64 

1 69 

1 88 

— . 

— 

Ammonia N (mg /g ) 

3 46 

3 36 

Amide N (mmol /g ) 

0 47 

0 22 

024 

-0 26 

-0 23 

Ammoma N (mmoL/g ) 

0 25 

0 26 

Argmme N (as % TPN) 

14 46 

14 17 

14 24 

— 

— 

Urea N (mg /g ) 

Urea (mmoL/g ) 

0 45 

0 42 

0 016 

Aigmme N (mmoL/g ) 

048 

0 46 

046 

-0 02 

-0 02 

0 016 

Penodate NH, (as % TPN) 

4 64 

4 46 

— 

— 

— 

— 



Penodate NH, (mmoL/g ) 

0 60 

0 68 

TPN = 

-002 — 

total protem mtrogen 
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was no indication that an appreciable amount of 
ammonia was derived &om any other source The 
amount of ammoma formed was almost identical 
with the maximum value obtamed by Highberger & 
Stacker (194=1) Further treatment for 7 days under 
similar conditions, however, lowered the amide N 
by another 0 08 mmol to 0 16 mmol /g , with the 
production of 0 06 mmol of ammoma 

The small decrease m the argmme content is leas 
than that found by Theis & Jacoby (1041) m similar 
experiments, and the urea found m the solution was 
also less than that found by Highberger & Stecker 
(1941) under correspondmg conditions It appears 
probable that the urea arises from conversion of the 
argimne to omithme residues (cf Hellennann & 
Stock, 1938 ,Wamer, 1942a) , the decrease m argmme 


(this small mcrease could be accounted for by the 
conversion of nrgimne to ormthmo), and, even 
allowing for the faht that because of the high prolme 
and hydroxyprohne content of collagen one out of 
every four peptide links mvolves an immo and not 
an ammo group, the alkahne treatment has appa 
rently caused httle breakdown of the polypeptide 
chains of the remammg insoluble collagen 

Ttlrahon curves 

At pH values between 6 and 10, a longer time was 
required to reach equilibrium with alkah treated 
collagen than with the ongmal collagen There was 
rather more soluble mtrogen at lugh pH values, and 
rather less at low pH values than with the ongmal 
collagen (see Table 2) 


Table 2 Nitrogen in solution at different pH values after steeping for 3 days 
(Results expressed as mg N/g moisture and ash free collagen.) 


CoUagen 

^ , 

Soluble pH Soluble 

N (20°) N 

0 86 12 80 1 44 

0 77 12 71 1 08 

0 69 12 00 1 21 

0 70 12 59 1 28 

— 12-46 1 04 

content, however, is rather greater than can bo 
accoimted for as urea, mdicatmg some other type of 
breakdown The alkah treated collagen, when tested 
for the presence of citrulhno by the method of 
Fearon (1930), gave a very famt pink colour, the 
ongmal none at all 

Withm experimental error, the ammoma formed 
by the action of penodate on the untreated and 
alkah treated collagen is the same, mdicatmg a 
neghgible destruction of the hydroxyammo acids 
by the alkahne treatment The hydroxyammo 
acids of the collagen used m this mvestigation have 
also been determmed by Rees (1946), who obtamed 
a value of 4 67 % for the penodate NH, (expressed 
as a percentage of the total protem H), m good agree- 
ment with the present determination of 4 64 % 

The ammoma and urea m the solution account 
only for about half of the total N present The figure 
for the ammo H of the solution is likely to be too 
high owing to the presence of ammoma (25-30 % of 
which may be returned as ammo N (Warner, 19426, 
Frost iS. Heinsen, 1946)), but the results suggest that 
this soluble H must be present as ammo acids or 
small peptides It may be observed that the sum 
of the ammoma and urea N m solution is approxi- 
matelv equal to the decrease m the total N of the 
coUagen / 

The ammo N of the alkah treated collagen was 
onlj shghtly higher than that of the ongmal coUagen 


Alkah treated coUagen 


pH 

Soluble 

pH 

Soluble 

(20°) 

N 

(20°) 

N 

1 18 

048 

— 

— 


— 

12 77 

2 16 

142 

0 30 

12 09 

2 05 

182 

034 

12 64 

2 20 




12 39 

1 26 


— 

12 20 

1 45 


vThe titration curve of the alkah-treated coUagen 
differs m a number of respects from the curve of the 
ongmal coUagen, especially m the alkahne range 
(see Fig 1) The isoelectric pomt is shifted from 
pH 6 7 to 6, the acid bmdmg is slightly mcreased, 
and on the alkahne side of the isoelectnc pomt there 
is a large mcrease m the number of groups titratmg 
between pH 6 and 9, and a correspondmg mcrease 
m the base bmdmg capacity The large mcrease m 
the groups titratmg between pH 6 and 9 may be 
attributed to an mcrease m the number of carboxyl 
groups ansmg from hydrolysis of amide groups 

The curve was analyzed m a manner similar to 
that of the untreated coUagen (see Bowes & Kenten, 
1948) It can be divided mto four portions, from 
pH 1 6 to 6, from 6 to 7, from 7 to 9 6 and from 9 6 
to 12, and to these different portions are assigned the 
groups sho-wn m Table 3 Tmin n groups, due to 
breakdown of peptide links mvolvmg prolme or 
hydroxyprohne, are taken as mainly titratmg 
between pH 7 and 9 6 

Assummg that the imidazole groups are un- 
affected by alkahne treatment (Phmmer, 1916), and 
that they titrate m the same range as m the un- 
treated coUagen, it can be deduced that there are 
0 14 mmol uncharged carboxyl gronps/g , and 
0 13 mmol basic groups/g (a ammo, umdazole or 
immo), titratmg between the isoelectno pomt and 
pH 9 6 The assumption that the imidazole groups 


pH 
(20°) 
1 16 
1 32 
161 
164 
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are not affected may not be strictly true, smce there 
IS some evidence that gelatm contains less histidme 
than collagen (Chibnall, 1946) The difference, how- 
ever, IS small, and even if a correspondmg decrease 
m histidme does occur here, it would not materially 
affect the calculation The same conclusion is 


reached if the mcrease m aoid-bmdmg capacity is 
taken as due to mcrease m the number of a ammo 
and immo groups, agam assummg that these groups 
titrate between pH 6 and 9 6, and that the a-ammo 
and imidazole groups present m'the origmal collagen 
remam uhchanged 



Final pH 


Fig 1 


Titration onrves of ox hide coUagen before (ourolea) and after (tnangles) treatment with alkali 


Group 

(а) Charged carboxyl 

(б) Uncharged carboxyl + imidazole 

(c) Imidazole, a ammo +iimno 

(d) e Ammo 

(a) Uncharged carboxyl 

(/) Total carboxyl 
Ig) a. Amino +imino 

{h) Guamdmo 
(t) Amide 

(j) Dicarboxyho acids 


Table 3 Analyees of Utratxon curves 

(Besults expressed as mmol /g ) Ongmal 

Method of calculation collagen 

Titration from pH 1 6 to 6 0 87 

Titration from pH 6 to 7 0 031„f,,- 

Titration from pH 7 to 9 6 0 04) 

Titration firom pH 9 6 to 12 6 0 34 

(6) -0 03 mmoL imidazole groups 0 

titrating m this rang© 

(a) + («) 0 87 

(c) - 0 02 mmoL imidazole groups 0 02 

titratmg m this range 

(o)+(e)-(6)-(c)-(d) 0-49 

From anaJyais 0 47 

(/)+(>)-((?)• - 132 


127 


It IB assumed that termmal carboxyl groups are eqmvalent to the free a ammo and unmo groups 


Alkah treated 
collagen 

0 90 

0 lOf 
0 36 
0 14 

1 10 
0 08 

0 47 
022 
124 
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If these conclusions are correct, there is an 
apparent decrease m the dicnrboxyhc acids, which 
suggests that there may have been specific loss of 
these ammo acids m the fraction of the collagen 
rendered soluble by the alkalme treatment 
The decrease m arginme content calculated from 
the titration curve agrees well with that found by 
analysis (Table 1), and the small mcreose m groups 
titrating between pH 9 6 and 12 is m accordance 
with the hypothesis that the argmme is converted 
to omithme (pK 10 76) (Cohn & Edsall, 1943) 
There is no mdication of any decrease m the 
number of e ammo groups 

Su-dling curve 

The uptake of water by the collagen at different 
pH values before and after treatment with alkali 



Pig 2 The water uptake of oi hide collagen before 
(triangles) and after (circles) treatment with alkah 


18 shown m Fig 2 After exposure to the acid 
or alkalme solutions, the pieces of alkah-treated 
ooUagen h^ a roughened appearance especially at 


high or low pH values This was probably an m- 
dication of the begmrung of disintegration At all 
pH values the water uptake is appreciably mcreased 
by the alkahno treatment, and on the alkalme side 
of the isoelectnc pomt the shape of the curve is 
appreciably different from that of the ongmal 
collagen 

Analysis of samples of shm collagen after alkaline 
processing ('liming') 

The total N, ammo N and amide N were deter- 
mined in a number of skins which had been treated 
commercially with calcium hydroxide and sodium 
sulphide to remove the hair (‘lunoed’l^The titration 
curves and argmme contents of three samples were 
also determined 

Table 4 shows that, with the exception of the 
sheep skm eoUagens, the total H of all the samples 
was of the same order as that of the alkah treated 
ox-hide collagen The amide N values varied from 
0 26 to 0 47 mmol /g , the sheep skins on the whole 
having the lowest values These skms had been 
treated with a commercial preparation of trypsm 
(‘batmg’) and with sulphuric acid (approx 1%) 
and sodium chloride ( ‘ picklmg ’ ) , and this is probably 
the cause of the lower values in a number of cases, 
the ammo N of the commercially treated samples is 
lower than that of the ox hide collagen 

The titration curves of sheep skms 1, 2, 3 differ 
from one another and from the curves for ox -hide 
collagen, especially m the pH range 6-9 

The curves are more difficult to mterpret m terms 
of the teacUve greups than those of the ox hide 
collagen The vanous sections of the curve, egiecially 
those due to titration of umomzed carboxyl, imida- 
zole, a ammo and umno groups tend to merge mto 
one another Treatmg the curves similarly to that 
of the alkab-treated collagen, the analyses given m 
Table 5 were deduced 


Table 4 Total N, amide N and 


Source of collagen 

Ox hide collagen (no alkaline treatment) 

Sheep skins 1 
2 

3 

4 
6 

Calf skins 1 
2 
3 

Ox hide 1 
2 
3 
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Amide N Ammo N 

—A— A 


'(%) 

(mmol /g ) 

' {%) 

(mmol /g ) 

066 

0 47 

046 

0-33 

/ 

042 

030 

_ 


042 

030 

0 69 

042 

0 35 

0 25 

0 50 

0 36 

0 50 

0 36 

046 

0 32 

0 49 

035 

0 49 

0 35 

0 66 

040 



0 52 

0 37 




0 66 

0 39 

042 

0 30 

0 66 

0 47 

0 46 

0 33 

042 

0 30 

0 45 

0 32 

0 46 

0 33 

048 

034 

0 67 

0 41 

042 

030 


amino N of collagen of some commercially treated skins 

Total N 

(%) 

18 6 

17 3 
171 

nz 

17 4 

17 3 

18 2 
18 2 
18-0 

181 
181 
18 3 
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Fig 3 Titration ourvea of conunercially treated sheep skuiB 


Table 6 Analyses of Mratton curves of alkal%-treated sheep-shin collagens 


(c) 

(d) 

(e) 


(/) 

{9) 

{h) 

(•) 

(i) 


(Resnlts expressed as mmob/g ) 

Alkali treated 
sheep skill collagen 


Group 

Method of calculation 

^mple 1 

Sample 2 

Sample 3 

Charged carhoxyl 

Titration from pH 1 6 to isoelectno pomt 

0 89 

0 97 

088 

Uncharged carhoxyl +umdazole 

Titration from isoelectno pomt to f)H 7 

0 10 

0 08 

016 

Imidazole, a ammo +mimo 

Titration fifom pH 7 to 9 6 

014 

0 10 

0-13 

e-Ammo 

Titration from pH 9 6 to 12 6 

0 34 

0 32 

0 26 

Uncharged carhoxyl 

(b) - 0 03 mmol umdazole groups titrating 
m this range 

0 07 

0 03 

013 

Total carboxyl 

(a) + (e) 

0 96 

100 

101 

a Ammo +immo 

(c) - 0 02 mmoL umdazole groups titrating 
m this range 

012 

0 08 . 

0 11 

Guamdmo 

(tt)+(e)-{6)-{c)-{d) 

0 38 

0-62 

0 46 

Amide 

From analysis 

0 30 

0 30 

026 

Dicarboxyho acids 

(/)+(»)-(»)• 

1 14 

122 

1 16 


* It IB assumed that terminal carboxyl groups are equivalent to terminal a ammo and immo groups 
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DISCUSSION 

ConsiderrDg the comparative seventy of the alkahne 
treatment, the chemical modification of the collagen 
IS comparatively small Apart firom the solubili 
zation of about 6 % of the collagen, the only reaction 
taking place to any appreciable extent is the hydro- 
lysis of amide groups Smce the loss of amide groups 
mcreases vith tune, it appears probable that all the 
amide N would be hberated if the treatment were 
sufficiently prolonged 

The small decrease m arginme content and the 
presence of urea m solution mdicates a breakdown 
to ormthme, as postulated by Hellermann &. Stock 
(1938) and Warner (1942 o) A positive teat for 
citnilhne m the alkah treated collagen mdicates that 
the conversion of argmme to citrulhne and ammoma 
also takes place to a very small extent (see Warner, 
19426) Theamountofammoruaansmg&omarginme 
IS neghgible compared with that due to deamidation 
Nicolet, Shmn & Saidel (1942) have shown that 
treatment of silk fibres with boding 0 1 m alkah for 
1-2 hr causes partial destruction of serme and 
threomne, producmg an approximately equivalent 
number of amide groups There is no evidence that 
such a reaction occurs even to a hmited extent when 
collagen is treated with alkah m the cold for periods 
up to 14 days 

The ormthme produced by modification of the 
guamdmo groups could account for the small 
mcrease m the base bound between pH 9 6 and 12 6, 
and for the greater part of the mcrease m free ammo 
N On this basis, there can bo httle, if any, hydrolysis 
of peptide hnks mvolvmg ammo groups m the 
alkah treated collagen, and the mcrease m acid- 
bmdmg capacity (0 06 mmol /g ) must presumably 
,■ bo due to release of basic groups other than ammo 
groups It IS possible that these are unmo groups, 
derived from hydrolysis of peptide links mvolvmg 
prohne or hydroxyprohne Whilst this would sug 
gest that such peptide hnks are more alkah labile 
than those mvolvmg ammo groups, Gordon, Martm 
& Synge (1943), from a study of the partial acid 
hydrolysate of gelatm, inferred that they were 
resistant to acid hydrolysis at 37° 

Although there is only a small mcrease m the 
number of termmal groups m the alkah treated 
coUagen, an appreciable amount (6%) of the 
collagen was rendered soluble by the treatment 
Some of this was presumably m the form of large 
polypeptides, smce it was precipitated on neutrah- 
zation of the solution, peptides which did not 
precipitate probably account for mtrogen m the 
solution m excess of that due to ammoma and urea 
Tlie ammo N figure for the solution suggests that 
this fraction must be m the form of ammo acids or 
Small peptides Evidence deduced from the titration 
cur\''e suggests that this soluble fraction is rich m 


the dicarboxyhc acids Martin (1946) has recently 
demonstrated the presence of aspartylglutamic, 
glutamylglutamic, and glutamylaspartic acids m the 
partial hydrolysate of wool, and if these two di- 
carboxylio acids also occur together m collagen, 
breakdown could readily lead to their specific loss 
Consideration of the swellmg curves indicates that 
physical as well as chemical changes take place 
durmg the alkahne treatment, for the changes m the 
curve can only be partially accounted for by changes 
m the reactive groups Tlie water uptake m the 
isoelectric range is mcreased, the mcrease m water 
uptake m acid solutions is greater than corresponds 
to the mcrease m basic groups, and the increase 
between pH 7 and 9 can only partially be accounted 
for by the titration of uncharged carboxyl groups 
hberated by hydrolysis of aimde groups The cause 
of the shift m the pH at which water uptake m 
alkahne solutions reaches a maximum from 12 6 to 
9 5 is not clear 

Exammation of the commercially treated skins 
mdicates that similar changes have taken place , the 
total N and amide N of these were lower than those 
of the ongmal ox-hide collagen, but the ammo N 
was m some cases lower, instead of higher as might 
have been expected from the laboratory experiment 
It is possible that this may be due to bacterial 
deammation at some stage m the processmg of the 
skms (Stuart, 1946) The total N of the sheep skins 
was particularly low, and is not accounted for by 
the lower values of the amide N and argimne N as 
compared with the ongmal ox hide collagen, which 
suggests the possibfiity that the composition of 
sheep skm coUagen ma;^ difFer from that of ox hides 

SUMMARY 

1 Hydrolysisofamidegroupsisthemamreaction 
takmg place when coUagen is treated with alkah at 
pH 13 0 A smaU number of the guamdmo groups 
IS converted to ormthme and urea, and a stdl 
smaUer fraction to citrulhne and ammoma There 
18 a smaU mcrease m the total number of basic groups 
and m the number of free ammo groups , it is sug- 
gested that some peptide hnks mvolvmg prohne and 
hydroxyprohne are broken The hydroxyammo- 
acids, serme, threomne and hydroxylysme, are un- 
affected by the treatments Approximately fi%of 
the coUagen is solubilized 

2 Alkah treated coUagen swells more than the 
ongmal coUagen 

3 Skms treated commerciaUy with alkahne 
solutions undergo changes sunUar to those found m 
laboratory experiments 

Thanks are due to the Councal of the British Leather 
Manufacturers’ Research Association for permission to 
puhlish this paper 
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The Nutrition of the Larva of Aedes aegypti Linnaeus 
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{Received 17 February 1948) 


In a previous communication (Golberg,DeMeilIon& 
Lavoipierre, 1946) we showed that water -extracted 
yeast residue, supplemented hy a number of water- 
soluble vitamms, constitutes an adequate medium 
for the growth and metamorphosis of the larva of 
Aides aegypti Linnaeus From this startmg pomt our 
mvestigations were concerned with the part played 
by hpids m the nutrition of the mosquito larva' 
Considering the abihty of insects to transform 
carbohydrate and protem mto fat (evidence sum- 
marized by Wigglesworth, 1942), it is surpnsmg to 
find that many insects are mcapable of synthesizmg 
sterols, or at least of produemg them m sufficient 
quantities to cover their needs for growth and 
particularly for metamorphosis The need for pre 
formed sterol m the diet of many msects has been 
conclusively demonstrated Yet senons considera- 
tion does not appe€tr to have been given to the 
possibihty that non-steroid hpids may bo capable of 
f ulfillin g the same nutritive purpose For example, 
iocithm has been employed as a component of diets 
for Drosophila (Bacot & Harden, 1922, Guy6not, 
1917, Lafon, 1937), and frequent reference is made 
m the hterature to essential hpid factors present m 
wheat, wheat germ, cod-hver oil, butter fat, and 
ethanohe extract of yeast Intwo instances, m which 


attempts have been made to firactionate the fat and 
isolate the active agent, the conclusion was reached 
that cholesterol was the essential constituent 
(Hobson, 1936, van’t Hoog, 1936) Fraenkel & 
Blewett (1946) found that, m addition to cholesterol, 
insects of the genus Ephestia require Imoleic acid 
and vitamm E 

Gay (1938) and subsequent workers (Fraenkel, 
Reid & Blewett, 1941, Fraenkel & Blewett, 1943) 
employed yeast m the growth media used for 
studymg the sterol requirements of insects Although 
the proportion of yeast m the dietary sohds varied 
from 6 up to 96%, they, nevertheless, found it 
necessary to add a further quantity of cholesterol to 
the diet, the minimum bemg 1 mg Bterol/3 g diet 
(Fraenkel ei ai 1941) Dried yeast has a fat content 
of 7 % (Nevsrman& Anderson, 1933) of which approxi- 
mately one third consists of sterols (Smedley- 
MacLean & Thomas, 1920) It would appear that 
this level of sterols is madequate for insects normally 
feedmg on flour or other stored food, particularly 
when the yeast constitutes only 6 % of the artificial 
diet In the case of Aides larvae, however, when the 
whole of the sohd portion of the growth medium was 
composed of yeast, no added sterols or other lipids 
were needed 
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- BXPERBrENTAL 

A6dea aegypti L The strain of moaqmtoes used was the 
same as in our previous investigations (De MeiUon, Qolberg 
& Lavoipierre, 1945 , Gtolberg el ol 1945) 

Mtihod of obtaimng stank eggs and larvae of Aedes 
aegypti In order to ensure that the eggs used were not 
more than 24 hr old, the following procedure was employed 
gravid females from the insectary were confined, singly, in 
sterile test tubes, together with 2-3 ml stenie distilled 
water and moubated at 28° The tubes were examined every 
mommg and the females liberated from those tubes con 
tammg eggs The eggs and water were poured with aseptic 
precautions into a fresh sterile tube, and the water with 
drawn 

Tubes with stranded eggs were now half filled with 
White’s solution (White, 1931), left for 30 mm , the flmd 
removed and the eggs washed three tunes with stonle dis 
tilled water In the final washing a platinum loop was 
used to dislodge any eggs adhermg to the sides of the 
tube The sterilized eggs were transferred directly to 
tubes contammg an autoclaved solution of glucose (1%) 
and Tatum’s (1939) salt mixture (016%), previously 
adjusted to pH 6 6 Incubation at 28° was contmued for 
98 hr after the lagvae had hatched, and served to detect 
contammated batches Those found to be stenie were used 
forthwith 

Preparatton of media As a rule each experimental medium 
consisted of a hqmd and a solid component, prepared and 
sterilized separately as follows The liquid component was 
mvanably prepared fresh and sterilized on the same day by 
pressure filtration through a pad The sterile filtrate was 
collected m a special apparatus designed to fecUitate rapid 
distnbution of the hqmd mto tubes containing the stenie 
sohd fraction. In general 10 mb were measured mto each 
tube Where sodium casemate was used, it was autoclaved 
and added separately The solid component was sterilized 
by autoclaving for 30 mm. at 16 lb pressure A quantity 
of 20-50 mg per tube was adequate,„but observation of 
the larva was facihtated by adding an amount sufficient to 
fill the rounded portion of the tube Lapids were mtrodnced 
mto the sohd fraction of the medium by solution m a small 
volume of pure ether (or other smtable volatile solvent) 
and stirrmg with powdered cellulose or kaolm nntd the 
solvent had evaporated Such mixtures were autoclaved 
m the drj state 

Media were tested for stenhty m the usual manner 

Otsenudoas of development and methods of recording them 
The stage of development reached by each larva was re 
corded every morning and evening, and the time taken for 
the change fium one stage to the next was calculated to the 
nearest half day In considering the results of experiments, 
it was thus possible to compare the times taken for each 
stage ( growth rates’) and also the number of larvae 
reachmg that stage (‘survival rates’) It is realized that 
the growth rates recorded are subject to a maximum 
error of +0 6 day, but this does not affect the standard 
deviations or the significance of differences between 
groups 

In moat tables the results have been condensed, but all 
the data are available m the same detad as m Tables 
1 and 2 


Matenala and compoattion of media 

The basal medium [LM) contamed glucose (10 g /L), salt 
mixture (Tatum, 1039) (1 5 g /I ) and the following vitamms 
(m mg /I ) aneurm chlonde, 10 , nboflavm, 20 , pyndoxm 
hydrooblonde, 10, calcium n pantothenate, 10, nicotimo 
aoid, 10 The pH was adjusted to 6 3-6 6 

For use with sodium casemate the basal medium was 
prepared m double strength and 6 ml filtered medium 
added to 5 mh autoclaved sodium casemate 
Sodium caseinate was at first prepared from purified 
casein. Later, S MjL Co ‘ Vitamm test’ casem was used, 
and the pH adjusted to 6 6 Immediate autodavuig at 
18 lb for 46 mm was essential to prevent contamination 
Analysis showed the average concentration of sodium 
casemate in the final medium to be 0 96 % (w/v) 

Yeosl autolysate Difco ‘Baoto yeast extract’ was used 
m a concentration of 2% (w/v) 

Yeast residues were prepared from fresh brewer’s yeast 
which was dehydrated with ethanol, extracted at room 
temperature for 24 hr with ethanol, followed by a mixture 
of ethanol and hght petroleum (1 1) After five additional 
extractions with boding mixtures of ethanol and benzene 
(2 1) (Bdls, Massengale & Pnckett, 1030) it was dried in 
air, powdered and sieved 

Newman & Anderson (1933) showed that treatment with 
etbanohc hydrogen chlonde was necessary for the extraction 
of a small quantity of yeast fat which cannot bo removed by 
neutral solvents Accordingly, the yeast residue as pre- 
pared above was monbated for 2 days at 37° with 1 % (w/w) 
etbanohc hydrogen chlonde, after which it was washed and 
dried as before 

Yeast or yeast residue was freed from water soluble 
constituents by repeated extraction with boiling water and 
finally by contmnous extraction with boding water in a 
Boihlet apparatus for 48 hr 

Lipids Freshly prepared and purified egg yolk leoithin 
and beef bram cephahn were submitted to additioual 
purification as desonbed by Wed Malherbe & Diokens 
(1944) Careful testing faded to reveal the presence of 
sterols m the purified matenalB Sphingomyehn (beef bram) 
was purified by the procedure of Levene (1016) Kerasm 
was prepared from the fresh spleen of a case of Qaucher’s 
disease, snpphed by Hr J A, Murray of this Institute 
Steroids Many of the sterols and denvatives used were 
prepared by standard procedures The remamder, moluding 
sex hormones and related compounds, were obtamed from 
Urs F W Fox and J Qdlman, Prof. I M Hedbron and 
Br E B H, J ones, Mr F A. Robinson (Glaxo Laboratones 
Ltd.), Profs L Ruzicka and PI A Plattner, Dr E Sohwenk 
(Research Division, Schenng Corporation) and Dr H. A. 
Shapuo 

All steroids used were cheeked for punty and where 
necessary submitted to further purification. Only m the 
case of 7 dehydrooholesterol was the test matenal of 
doubtful punty 

Methyl Imoleate and lincdenate were obtamed from Prof 
T P Hdditch 

Folic aeid A concentrate of the ammomum salt of foho 
amd, of potency 6000, obtamed from Prof R J Wdhams, 
was used m a concentration of 20 mg /L of medium 
Pteroylglutamtc acid was made available to ns by Dr 
BLR Stokstad (Lederle Laboratones) It was used m a 
concentration of 25 mg /L 
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RESULTS 

The growth-promoting properties of fat free yeast 
and yeast lipids 

The basal mediiim (LM) contammg glucose, salts, 
aneurm, riboflavin, pyridoxin, mcotmic and panto- 
thenic acids, when combined witli firesh brener’s 
yeast, produced excellent grondli of the larvae 
Gradual removal of the fats from the yeast decreased 
the rate of growth and the number of pupae and 
adult mosqmtoes Fmally, after extraction of the 
yeast residue with ethanohe hydrogen chloride, there 
was complete fadure to emerge from the pupal stage 
(Table 1) Recombmation of the flnal yeast residue 
with the yeast hpids led to normal groivth and 
sunnval rates, provided that the hpid concen- 
tration did not exceed 4 % At 8 % hpid concen- 
tration the medium was very toxic 
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Further experiments were designed to supplement 
fat free yeast residue with yeast hpid fractions and 
with a variety of hpids from other sources The 
crude yeast fat was able to produce normal growth 
Its ether soluble fraction did the same Of the other 
fractions tested, that obtamed by steam-distflhng 
yeast fat was remarkably toxic In a concentration 
of 0 15 % on the sohd component of the medium 
it completely prevented growth of the larvae 
At higher concentrations it killed them withm 
24 hr 


Admixture of fat-free yeast residue with chole 
sterol, purified ovolecitlun or beef-bram kephalm m 
each case resulted m growth to the adult stage The 
best results were obtamed by the use of all three 
hpids m a total concentration of 2 6 % , resultmg m 
growdli and survival rates closely similar to those 
obsem^ed with yeast fat 


Table 1 Bates of growth and survival of mosquito larvae on media containing fat free yeast 


(Here and m subsequent tables No =number m stage of development mdicated The number of first-mstar larvae 
taken was approximately 20 per experiment Mean, s n =mean and standard deviation of tune (m days) taken to change 
from previous stage of development ) 

Larval instars Adults 



/ 

n 

k 


ni 

k 


\ 

rv 

A 


Pupae 

A 


- - 

Total time taken 

Medium 

No 

Mean, 

S D 

No 

Mean, 

8 D 

No 

Mean, 

S D 

No 

% 

Mean, 

S D 

No 

r — ■■ 

Bange 

Mean, 

S D 

LM, with additions as mdicated 

Fresh brewer’s yeast 63 1 9±0 36 

63 

11±0 19 

63 

1 1±0 29 

60 

2 6±0 50 

67 

7 5-116 

8 8±0 60 

Fat-free yeast residue 

48 

2 6±0 48 

48 

2 1±0 67 

48 

3 2±103 

17 

10 7±2 36 

0 

— 

— 

Fat-fiee yeast -t- yeast 

23 

2 2±0 29 

22 

13±0 41 

22 

10±0 38 

20 

3 0±0 62 

18 

86-96 

9 1+0 49 

hpids (2 5%) 

Water extracted fat-free 
yeast 

Water extracted fat-free 

7 

4 1±1 60 

7 

2 9±0 83 

0 

— 

— 

— 

— 

— 

— 

18 

19±0 99 

16 

1 9±0 76 

1 

30 

— 

— 

— 

— 



yeast -i-fohc acid 

Fat-free water extracted 
yeast 

Fat-free water-extracted 

22 

3 8±0 86 

20 

60±165 

11 

6 4±109 

0 

— 

— 

— 

— 

21 

19±0 63 

21 

16±0 84 

12 

3 8±3 61 

2 

68 

0 

— 

— 

yeast -t pteroylglutanuo 
acid 

Fat-free water-extracted 

17 

6 0±3 08 

16 

1 4±0 45 

14 

3 2±1 96 

1 

15 0 

0 

— 

— 

yeast - 1 - yeast autolysate 

Fat-free yeast + chole 

20 

2 7±0 92 

20 

1 4±0 54 

20 

17±0 66 

17 

3 9±0 62 

16 

9 6-15 6 

11 6±1 60 

sterol 

Fat free yeast -tlecithm 

19 

2 8±0 88 

19 

1 9±0 93 

17 

2 6±132 

16 

3 8±0 60 

16 

9 6-16 6 

12 6±2 10 

Fat-free yeast + kephalm 

22 

2 9±0i98 

20 

2 3±0 67 

20 

28±148 

14 

65±144 

12 

11 5-20 

16 1±2 73 

Fat-free yeast + chole 

19 

16±0 16 

19 

1 2±0 31 

19 

13±0 49 

19 

3 4±0 66 

19 

8 6-10 6 

9 7±0 80 

sterol, lecithin and 
kephalm (1 1 1 ) 


Exhaustive extraction of fat-free yeast wuth water 
rendered it mcapable of supportmg growth, even to 
the fourth larval instar The addition of fohe acid to 
the medium made no essential difference Reversal 
of the order of extraction, usmg water first and fat 
solvents , later, yielded a residue which promoted 
better growth and afforded clear evidence of the 
effect of hpid deficiency on growth and survival of 
mosqmto larvae (Table 1) v 


Growth on other fat free media 

A studywas made of the growth of larvae on fat free 
media not contammg sohd yeast Casern, as the 
source of protem, gave best results when present m 
solution as the sodium salt By mcorporatmg yeast 
autolysate m the medium it was found that the fat 
free yeast residue could be dispensed with (Table 2) 
In none of our experimental media could a need for 
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solid laatenal bo demonstrated However, it was 
convenient to use a sobd m finely divided form as 
a means of mtroducmg bpids mto the medium, and 
for this purpose cellulose, cellulose acetate or kaolm 
were equally effective 


Fatty acids and tnglycendes 

Smce a number of compounds seemed capable of 
bring ing about the hpid effect, it was deemed 
advisable to make sure that this property did not 


Table 2 Sate of growth and survival of mosquito larvae on media not containing fat free yeast residue* 




Larval mstais 

A 




Adults 

A 

' 

H 

HI 

IV ^ 

Pupae 


Total tune token 


Medium 


Mean, 8 n 

nT" 

ilean, s n 

No 

Mean, s u 

No 

A 

Mean, 8 n 

No 

Range 

Mean , s D 

AM + yeast autolysate, with additions as indicated 
nfl«,n 36 2 7 + 141 36 2 2±0 78 

16 

6 1±4 37 

0 




— 

— 

Sodium caseinate 

20 

31±0 33 

20 

14±0 39 

18 

2 4*142 

8 

6 0*1 19 

0 

— 

— ' 

Sodium casemate + ceUu 

21 

19±0 37 

20 

10±0 21 

16 

3 0±1 44 

3 

7 0 

1 


12 6 

lose 

Sodium caseinate + kaolin 

34 

1 8±0 63 

34 

19±0 48 

26 

3 2±1 86 

7 

6 6*0 76 

3 

12 6-15 

14 0 

]jM + yeast autolysate + Bodium. oaaeiiiate+lipidfl in 2 6% concentration on 
fThnlftflterol 17 2 0+0 51 17 1 3+0 24 17 18+0 25 

cellnloso 

13 3 8*0 76 

9 

9 5-12 6 

110*1 04 

Lecithm 

24 

1 8±0 38 

24 

1 4±0 3a 

24 

1 9*0 39 

22 

4 4*1 14 

16 

9 5-14 6 

11 9*1 49 

Kephalm 

26 

17±0 32 

26 

1 0±0 42 

24 

2 4*1 36 

8 

6 3*2 10 

1 

— 

10 0 

Cholesterol + lecithm + 

40 

21±0 67 

40 

1 6±0 42 

39 

19*0 61 

34 

3 4*0 66 

32 

9 6-13 

10 8*109 

.kephahn (1 2 1) 
Sphmgomyehn 

17 

2 4±0 78 

17 

1 2±0 60 

17 

1 7*0 69 

11 

3 9*0 63 

7 

9 5-11 

10 6*0 60 

Kerasm 

22 

2 3±0 89 

22 

13±0 42 

22 

1 8*0 38 

18 

3 8*0 66 

16 

10 6-13 

11 4*0 92 

P Carotene 

44 

3 3±0 76 

44 

2 0±0 60 

44 

2 8*148 

31 

6 2*210 

23 

11 -29 

16 9*2 81 

a. Tocopherol 

37 

2 3±0 39 

37 

2 2±0 61 

30 

3 4*0 81 

16 

8 3*2 48 

11 

13 -23 6 

16 8*2 11 

a Tocopheryl acetate 

16 

2 4±0 6Q 

16 

2 0i0 46 

16 

2 7*0 69 

12 

8 4*2 63 

8 

12 6-24 6 

17 6*3 08 


* For explanation of headings see Table 1 


Table 3 The effect of cholesteryl esters on growth and metamorphosis of mosquito larvae 
(Medium LM + sodium caseinate +yeast autolysate + cholesteryl ester (2 6 %) on cellulose ) 



No of second 

No of 

Total tune taken 


larval 

adult 

1 i 

Mean s » 

Cholesteryl ester tested 

mstars 

mosqmtoes 

Unestenfied 

22 

11 

11 8*0 97 

Acetate 

23 

14 

10 6*0 69 

Palmitate 

17 

12 

13 6*1 74 

Stearate 

20 

11 

13-4*2 92 

Oleate 

14 

6 

18 3*129 

Cerotate 

18 

6 

13 7*1 32 

Araohidate 

'17 

9 

16 9*4 36 

p Aminobenzoate 

17 

16 

18-0*190 

Nicotmate 

19 

16 

12 4*2 37 


A medium was thus available for testing the effects 
of various hpids Cholesterol and lecithm were 
capable of brmgmg about pupation of the larvae and 
emergence of adults, but cephahn was totally meffec 
tive On combining these hpids m pairs, or using 
all tliree m various proportions, the rates of growth 
were but httle affected, while the rates of survival 
varied considerably The highest proportion of adult 
mosquitoes (80 %) resulted from the use of lecithm, 
cholesterol andkephahn m the proportion of2 1 1 
Tins mixture was adopted as the standard source of 
hpids for subsequent ‘synthetic’ growth media 
Of the other hpids tested under the same con- 
ditions, only kerasm and, to a lesser extent, sphingo- 
myehn, ^ carotene and a tocopheryl acetate, were 
capable of replacmg cholesterol 


extend to the common fatty aoids and triglycerides 
None of the following could replace cholesterol 
palmitic, steanc and oleic acids, tnpahmtm, tn- 
stearm and tnolem Launo and mynstic acids were 
highly toxic , BO too was oleio acid, even m a concen 
tration of 0 6 % on kaohn More highly unsaturated 
fatty acids — hnoleic and hnolemc acids, even when 
used with a tocopherol (Fraenkel & Blewett, 1945) 
were inactive Furthermore, aU the above men- 
tioned compounds proved mcapable of supple - 
mentmg cholesterol m the way m which lecithm 
and kephahn had done Similarly, esterification 
of cholesterol with acetic, oleic, palmitic, stearic, 
cerotio and arachidic acids had no stnkmg 
beneficial effect on larval growth and survival 
(Table 3) 
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Lipids tn solution 

On testing the effect of presenting the hpids m 
solution, it was found that neither lecitlim nor 
cholesterol had any apparent effect Nor was lecithm 
m solution able to unprove tlie larval response to 
cholesterol present m the sohd state (Table 4) Patty 
acids m solution as the sodium salts were tested 
under the same conditions pahmtate and stearate 
had no effect and oleate displayed no toxicity The 
concentrations tested were of necessity rather low 
(0 26%) 
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results given m Table 6 mdicate considerable 
variation m this respect In fact, the prmcipal sterols 
of yeast, when provided m pure form, appear 
mcapable of utdization by the mosqmto larva How 
ever, under the conditions of these experiments no 
sterol — ^not even cholesterol — produced a whoUy 
satisfactory response, particularly with regard to the 
proportion of larvae reachmg the adult stage In 
order to render the medium more fully adequate for 
the promotion of optimal growth and survival, the 
powdered cellulose was replaced by a water extracted 
yeast residue from winch all hpids soluble m neutral 


Table 4 The effect of hpids tn solution on growth and metamorphosis of mosquito larvae 
(Medium iilf + sodium casemate +ycast autolysate ) 


Lipid m solution 

Concentration 

(eA) 

Lipid on cellulose 
(4% concentration) 

No of second 
larval 
ms tars 

No of 
adult 

mosqmtoes 

Total time taken 

A 

t s 

Mean s n 

None 

— 

None 

28 

2 

13 0 

Leoithm 

04 

None 

69 

6 

14 6 

Lecithm 

0 26 

None 

16 

2 

13 0 

Leoithm 

04 

Cholesterol 

23 

10 

10 9±0 87 

Lecithm 

026 

Cholesterol +kophalm (1 1) 

63 

38 

12 6±0 99 

Leoithm 

04 

Kephalm 

18 

1 

10 6 

None 

— 

Lecithin 

24 

16 

119±149 

Cholesterol 

0 06 

None 

23 

1 

18 6 


Table 6 The effects of various sterols on growth and metamorphosis of mosquito larvae 


(Medium LM + sodium casemate + yeast autolysate + sterol (2 6 %) on cellulose ) 


Sterol tested 
Cholesterol 

Cholesterol (purified through 
the dibromide) 

Coprosterol 
B Sitosterol 
Stigmasterol (acetate) 
Ergosterol 
Zymosterol 


No of second 

No of 

Total time taken 

ms tar 

adult 

f ^ \ 

larvae 

mosqmtoes 

Mean s n 

22 

11 

11 8±0 97 

39 

16 

116±163 

22 

10 

13 6rbl 87 

43 

32 

10 7±1 12 

23 

10 

10 6±0 69 

21 

7 

9 2±0 84 

21 

1 

10 0 


Table 6 


The ability of various sterols to replace cholesterol in a medium 
containing fat free water extracted yeast residue 


/ 


(Medium 


LM + sodium caseinate + yeast autolysate + sterol (2 5 %) on fat-ftee water extracted yeast ) 


Sterol tested 
Cholesterol 
Coprosterol 
B Sitosterol 
Stigmasterol (acetate) 
Ergosterol 
Zymosterol 
None 


No of second 

No of 

Total tune taken 

instar 

adult 

, ' V 

larvae 

mosqmtoes 

Mean s n 

20 

19 

9 4±0 96 

19 

19 

12 6±180 

16 

14 

9 6±1 30 

20 

20 

8 8±0 73 

18 

12 

9 4±0 84 

19 

16 

141±2 66 

17 

0 

— 


The ability of other sterols to replace cholesterol 
in the larval diet 

It 18 most unlikely that cholesterol is normally 
available to the mosqmto larva m its natural habitat 
Hence the question arises to what extent can other 
sterols replace cholesterol m the larval diet? The 


orgamc solvents had been removed This preparation 
still contamed a small amoimt of hpid extractable 
by mcubation with ethanohe hydrogen chloride The 
residual hpid did not prevent a complete failure to 
pupate m the absence of added sterol , yet it ensured 
that when cholesterol was added excellent growth 
and survival resulted (Table 6) Under these 
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conditions the plant stea-ols were fully eljual to 
cholesterol m then- effects' The mycosterols were 
defimtely inferior to the others, 2ymosterol pro 
ducmg a poor rate of growth, ergostecol a low 
proportion of adults 

Modifications of sterol structure 

These results made it desirable to mquire mto tiie 
effects of modifications m the sterol structure, and 
to mvestigate the relationship of the activity of such 
Sterol derivatives to other dietary factors For this 
purpose each compound was tested on three sohd 
components m the usual hquid medium The sohds 
used were cellulose, fat free water extracted yeast, 
and the yeast residue prior to extrection with 
ethanoho hydrogen chloride The conclusions to be 
drawn firom the results, some of which are given m 
Table 7, may be summarized thus (o) none of the 


pounds of the pregnane, androstane and oestrane 
senes A® pregnen 3 ol-20 one, dehydrotsoandro- 
sterone acetate, progesterone, deoxycorticosterone 
acetate, 17 etlunyl- and 17 methyl testosterone , 
testosterone itself anditspropionate. A* androstene 
3 17 dione, pregnane 3(a) 20a diol, cHopregnane 
3(a) 20a diol, androsterone , allopregnane 3 20- 
dione, oestrone and oestradiol benzoate, (d) among 
the maotive compounds were some which were 
markedly growth inhibitory (marked with an 
asterisk above) 

DISCUSSION 

In the expenments described above, the progress of 
each mdividual larva was recorded In consequence 
it was possible to demonstrate that a hpid-free 
medium supports larval growth, albeit at a somewhat 
reduced rate, to the fourth mstar The effect of hpid 
deficiency reveals itself most frequently m a failure 


Table 7 The growth promoting properties of sterol derivatives 

(Media iJlf + Bodium caseinate + yeast autolysate + test compound (2 6%) on A, cellulose, B, yeast extracted with 
neutral orgamo solvents and water, G, yeast B further extracted with ethanoho hydrogen ohlonde ) 


Sterol denvatives tested 

No of second 
mstar 
larvae 

No of fourth 
mstar 
larvae 

No of 
adult 

mosquitoes 

Total time taken 

^ 

Mean s n 

P Cholestanol on A 

22 

14 

6 

12 4±0 61 

B 

18 

17 

12 

12 8±104 

0 

17 

17 

12 

12 5±177 

Chblesterol dibromide on A 

19 

19 

9 

11 7±105 

B 

' 22 

22 

21 

13 0±2 86 

0 

20 

10 

19 

12 3±131 

3(^) Hydroxy 6 ketocholestane on A 

16 

12 

0 

— 

B 

18 

17 

9 

13 6±2 07 

0 

18 

16 

7 

14 9i:182 

A‘ 3(^) 6 Dihydroxyoholestene on A 

2l 

13 

0 

— 

B 

22 

22- 

20 

121±168 

C 

19 

17 

14 

12 8±193 

7 Dehydrocholesterol on A 

21 

18 

1 

12 0 

B 

17 

17 

14 

12 6±160 

0 

18 

18 

17 

11 8±1 27 


compounds tested showed any stnkmg degree of 
activity on cellulose , most were completely inactive , 
(6) m the presence of both types of yeast residue the 
foUowmg compounds displayed activity ^-ohole 
stanol, cholesterol dibroimde, A* 3(^) 6 dihydroxy- 
cholestene, 3(^) hydroxy 6 ketocholestane There 
was remarkable correspondence between the growth 
and survii al rates on the two types of yeast residue, 
(c) aU other compounds tested proved inactive These 
moluded the following cholesterol derivatives A^ 
cholestenone* and its enol acetate*, a-7 hydroxy- 
and 7 ketocholesterols, A*'» 3 ketocholestadiene*, 
A»'‘ 7 ketocholestadiene* 3(^8) 6 6 (;rans)tnhydro- 
xj cholestane*, CIS andirons A^ choleatene 3 4 diols 
and then diacetates, and methyl A^ 3 acetoxy- 
bisnorcholenate Calciferol was inactii e, as well as 
the followmg steroid hormones and related com- 


to undergo metamorphosis In those few instances 
m which pupation does occur, it takes place after 
a considerable delay, and only a small proportion of 
adults emerge 

Lipid deficiency can be corrected, but not com 
pletely, by cholesterol or lecithm, kerasm and, to a 
lesser degree, by other hpids In addition, the action 
of hpids can be supplementary, and a mixture of 
cholesterol, lecithm and kephalm gives better results 
than either cholesterol or lecithm alone (kephalm 
alone IS mactive) There are thus two aspects of hpid 
action to be considered, which may be referred to 
briefly as replacement and supplementation of 
cholesteroL 

The abdity of lecithm to replace cholesterol cannot 
be attributed to the presence m it of sterol as an 
impurity (see p 373) Also the activity of lecithm 
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does not appear to be due to component unsaturated 
fatty acids, smce such fatty acufe proved mcapable 
ofreplaomgorsupplementmgcholesterol This.taken 
m conjunction with the fact tliat relatively few 
steroid derivatives evmce this type of activity, leads 
to the conclusion that the specialized nutritive power 
IS a function of special types of molecules It is 
unpossible to state at this stage what these molecules 
have m common Theirs is not a physicochenucal 
influence on the external medium of the mosqmto 
larva smce, when present m solution m the medium, 
they are mactive On the other hand, there is a 
defimte parallelism between their effects on the 
mosqmto larva and their abdity to overcome the 
growth inhibition of Gram-positive bacteria mduced 
by Imoleic acid Tins effect Kodicek & Worden ( 1 946) 
have attributed to surface activity 

Supplementation of cholesterol is brought about 
most effectively by fat-free yeast residue However, 
attempts to isolate a specific supplementary factor 
firom the yeast residue have failed One is renunded 
of the animal dietary factor found necessary by 
l)or4e & Gardner (1938) and Rosenheim & Webster 
(1941 ) for the conversion of cholesterol to coprosterol 
and for analogous me tabohc changes It is suggestive 
too that some cholesterol derivatives which are 
mactive when tested alone evmce a measure of 
activity m the presence of the yeast factor 

'^'Iiile some sterols are capable of replacmg chole 
sterol m the diet of the mosqmto larva, on the whole 
httle modification of sterol structure is tolerated 
This statement is borne out by the findmgs of other 
workers who have studied the abffity of insects to 
utffize sterols and cholesterol derivatives (Fraenkel 
et al 1941, Fraenkel & Blewett, 1943, vem’t Hoog, 
1936) The paucity of the information available 
makes it all the more regrettable that Fraenkel & 
Blewett (1943) used impure cholesterol derivatives 
m their mvestigations The most exhaustive study 
of this type was made by CaiUeau (1937) on the 
abihty of sterols to act as growth factors for Tricho- 
monas columbac Although her results are not 
necessarily apph cable to insects, it is mterestmg that 
m most instances the abihty of the flagellate to 
utihze sterols, and particularly cholesterol deriva- 
tives, runs strictly parallel to that of the mosqmto 
larva The outstandmg differences he m coprosterol 
and stigmasterol, which Cailleau found to be m- 
aotive 

Fmally, it had been hoped by means of these 
studies to throw some light on the possible meta 
holism of cholesterol m the mosqmto larva A*-3 8- 
Dihydroxycholestene and 3 hydroxy-6 ketochole- 
stane are the only two cholesterol transformation 
products which are active for the mosqpnto larva. 
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and at the same tune may be regarded as hkely to 
occur m normal cells durmg life (Haslewood, 1944) 
Even these are active only m the presence of the 
yeast factor The conversion of cholesterdi to copro 
sterol takes place tlirough the mtermediate stage of 
A*-oholestenone (Schoenheuner, Rittenberg & Graff, 
1935, Anchel <L Schoenheuner, 1938, Marker, Witt- 
becker, Wagner & Turner, 1942) Turfitt (1944, 
1946) demonstrated the microbiological conversion 
of cholesterol to A^ oholestenone In the mosqmto 
larva A^-cholestenone is not only inactive but also 
strongly inhibitory, conversion to the enol acetate 
does not abolish the inhibitory effect In keepmg 
with these observations is the lack of activity 
of CIS A®-cholestene 3 4 diol, winch Rosenheun & 
Starlmg (1937) found to be readily dehydrated to 
cholestenone by mild acid treatment 

SUMMARY 

1 A study has been made of the part played by 
hpids m the nutrition of the mosqmto larva The 
hpids were mixed mtunately with an mert sohd 
such as cellulose or kaohn or with fat-free yeast 
residue and mtroduced mto a basal hqmd medium 

2 It was found that m a fat-free medium the rates 
of growth and survival of the mosqmto larva do not 
fall far short of normal There are, however, few 
pupae and very few adult mosqmtoes 

3 The larval need for hpid may be supphed by 
cholesterol or ovolecithm and, less successfully, by 
a number of other hpids Of all those tested, no 
smgle compound, and no cholesterol ester, was 
capable of producmg normal growth and survival 
unless fat free yeast residue was mcluded m the 
growth medium Mixtures of hpids were more 
effective 

4 The foUowmg compounds proved mactive 
saturated and unsaturated fatty acids , triglycerides , 
lecithin and cholesterol tn solution in the growth 
medium 

5 A number of steroids, moludmg cholesterol 
derivatives, were tested m the presence or absence of 
fat-free yeast residue All but four were mactiVe 

6 The need for special hpids appears to be 
common to many insects and lower orgamsms and to 
be capable of bemg satisfied only by a hmited 
number of compounds The possibihty exists that 
the effect exerted by these compounds is physico- 
chemical rather than nutritional 

We ■wiBk to acknowledge with gratitude the kmdneBS of 
all those, mentioned earher m this paper, who supphed us 
with materials employed in these mvesbgations Our 
thanks are due also to Misa M. Cume and Mr J M Thorp 
for teohmcal assistance 
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The Nutrition of the Larva of Aedes aegypti Linnaeus 

4 PROTEIN AND AMTMO AGED REQUIREMEOTS 

By L golberg aot> B DE MEILLON 
South African Institute for Medical Research, J oharinesburg 

(Received 17 February 1948) 


The state of confusion whicii exists m the hterature 
on the protein and ammo acid reqniremente of 
insects may be attributed to -two causes failure to 
mamtam strictly stenie conditions and failure to 
ensure adequacy of the medium with respect to all 
factors other tlian protem In tummg our attention 
to the mosquito larva’s needs for protem and ammo 
acids we have sought to avoid both pitfalls and can 
claim to have succeeded with regard to the first 
As regards the second, our efforts have not yet 
culminated m a medium composed of purified m- 
dmdual chemical substances winch could produce 
growth equal to that attamed with the original fiesh 
brewer’s yeast medium (De Meillon, Golberg & 
Lavoipierre, 1946) Until that stage is reached, a 
final answer to some of the questions raised m this 
paper cannot be given Meanwlnle, it should bo 
emphasized that growtli on the media used fell short 
of what had been produced m the presence of yeast 
residue N ot only were the growth and survival rates 
somouhat poorer, but it was obvious that the 
spontaneity and uniformity which had characterized 
the response to whole j east was lacking 


EXPERIMENTAL 

Methods The methods used were the same as m our 
prenons investigations (Golberg & De Medlon, 1947) The 
microbiological estimation of n-vahne was earned out by 
the method of McMahan & SneU (1944) 

Media The basal medium (CM) consisted of two com 
ponents (i) o solid component made up of 0 26 g of a hpid 
mixture (lecithin, cholesterol andkephahn in the proportions 
2 1 I) intimately mixed withlOg of finely powdered cellulose, 
aadstenlizedbyautoolavingforSOmm atl6Ib pressure, and 
(u) o liquid component made np of two halves one half, which 
was sterilized by filtration through a pad, contamed glucose 
(10 g /L), yeast autolysate (20 g /L), Tatum’s (1941) salt 
mixture (1 6 g /I ) and Yitanuns (aneurm ohlonde, 10 mg jl , 
nboflavin, 20 mg /I , pyndonn hydrochlonde, 10 mg/L, 
calcium D pantothenate, 10 mg /] , and mcotimo acid, 
10 mg fl ) The other half of the liquid component, which 
was sterilized by autoclaving for 45 min at 18 lb pressure, 
contamed the protem m solution. 

Ami7io.act(i mixtures were added to the first half of the 
hqmd component pnor to filtration. In aU mstances stenli 
zation of the medium followed its preparation with the 
shortest possible mterval for it was found that even slight 
coatanimation mcidental to keepmg a protem or ammo acid 
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Table 1 AmiJio-aculs of media 
(g/1) 


Ammo acid mixtures 



X 

r 

B 

a 

D 

I 

N 

0 

P 

n 

Glycme 

— 

— 

14 

14 

1 4 

20 

14 

20 

20 

20 

DL- Alanine 

— 

— 

06 

06 

06 

02 

06 

06 

— 

— 

DL-Valme 

04 

08 

03 

08 

08 

08 

08 

08 

10 

— 

L-Leucme 

— 

08 

02 

08 

08 

08 

08 

10 

10 

1-0 

DL Isoleucme 

08 

08 

04 

08 

08 

08 

04 

06 

10 

10 

DL-Prolme 

— 

— 

00 

06 

06 

02 

— 

— 

— 

— 

L Hydroxyprolme 

— 

— 

02 

02 

02 

02 

— 

— 

— 

— 

DU-Phenyialanme 

— 

00 

02 

06 

06 

06 

06 

06 

06 

— 

nn-Glutamic acid 

— 

— 

03 

04 

— 

— 

— 

— 

— 

— 

DL Aspartic acid 

— 

— 

02 

04 

— 

— 

— 

— 

— 

— 

DL Senne 

— 

— 

02 

02 

02 

02 

— 

— 

— 

— 

L Tyrosme 

04 

08 

02 

08 

08 

04 

08 

08 

08 

08 

nffistidine HCl (hydrate) 

— 

04 

02 

04 

04 

08 

04 

04 

08 

08 

I.- Arginine HCl 

— 

— 

06 

015 

06 

08 

06 

06 

08 

10 

L-Lysme HCl 

— 

04 

04 

04 

04 

08 

04 

08 

08 

08 

ir-Tiyptophan 

04 

04 

02 

04 

04 

08 

04 

06 

08 

08 

nn-Threonme 

04 

0 0 

02 

06 

0 6 

08 

04 

06 

10 

1 0 

DL-Methiomne 

— 

06 

04 

06 

0 6* 

08 

06 

06 

06 

1 0 

X. Cystme 

04 

0 02 

02 

0 02 

0 02 

0 02 

0 02 

0 06 

0 04 

0 02 

Total concentration of ammo 
acids (%) 

0 28 

0 62 0 67 1 06 0 98 

* Later mcreased to 1 0 g /L 

1 10 

0 82 

101 

1 12 

102 


solution might result in extraneous growth stimulatmg 
effects on the larvae 

The compositions of ammo acid mixtures are shown m 
Table 1 

MattnaU Sodium casemate was prepared from SAIA- 
Co ‘Vitamm test’ casein. Gelatm was Eastman Kodak 
purified calf akin gelatm Other matenals used were pre 
pared and purified by standard procedures 

L 3 6 Duodotyrosine was provided by Prof. C R Hanng- 
ton and Tteroylglutarmo acid by Dr E L R' Stokstad, 
Lederle Laboratories 

RESULTS 

Protein requirements of the mosquito larva 

In media lackmg protem or ammo-acids, but com- 
plete m other respects, the mosquito larva is m- 
capable of reachmg even the second instar Ac 
cordmgly, its growth response to added protem or 
ammo acid mixtur es is a sensitive mdex of the extent 
to which its exactmg nutritional needs have been 
met m any particular medium The provision of 


proteins m the sohd state is comphcated by the fact 
that often they cannot be mamtamed m finely 
divided form In consequence the study of protem 
requirements was carried out with protems m 
solution 

In order to determme the optimum concentration 
of protem for the mosqmto larva, soluble casern was 
tested at various levels, with best results between 
0 6 and 1 % Withm this range the omission of 
glucose from the medium had, if anything, a bene- 
ficial effect Lower concentrations of casern were 
inadequate to Bustam growth (Table 2) The turbidity 
of soluble casern solutions after autoclavmg, m- 
oreasmg as it did durmg the course of the experiment, 
made observation of the larvae difficult We had 
recourse to sodium casemate, which gave sparkhngly 
clear media and at 1% concentration produced 
satisfactory growth and survival rates (Table 3) 

Usmg these results as a standard of comparison, 
a number of other proteins and related substances 
were tested and it was clear that protems known to 


Table 2 The optimum level of protein in the larval medium 
(Medium CM, with changes as mdicated ) 


Concentration of 
soluble casern 

Concentration of 
glucose 

No of second 

No of adult 

Total time taken i 

A 

(%) 

(%) 

larval mstars 

mosquitoes 

Mean s d 

0 

2 

0 

— 

— 

0 1 

2 

0 

— 

— 

02 

0 

19 

0 


0 2 

2 

21 

2 

11 0 

0 6 

0 

17 

11 

116±114 

0 6 

2 

11 

7 

13 4±121 

1 0 

2 

33 

20 

110±140 

26 

2 

37 

14 

10 8±132 
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Table 3 The growth-promoixng powers of various proteins 


(No =number m stage of development mdioated The number of firgt-mstar larvae taken was approximately 20 per 
experiment Mean, a n =mean and standard deviation of time (m days) taken to change from previous stage of develop 


ment ) 

Protem tested 
(m solution 
in growth 
medium CM) 

Concen 

tration 

of 

protein 

(%) 



Larval mstars 






Adults 

A 

r 

n 


m 

K 


IV 

A 


Pupae 

A 


Total tune taken 

1 

nT 

* ^ 

Mean, s n 


V 

Mean, s n 

N^ 

\ 

Mean, a n 

N^ 

\ 

Mean, S D 

No 

t 

Range 

Mean, s D 

Sodium casemate 1 0 

40 

2 1±0 67 

40 

1 6±0 42 

39 

19±0 61 

34 

3 4±0 66 

32 

9 6-13 0 

10 8±109 

Ovalbumm 

06 

31 

2 8±0 67 

31 

2 3±0 87 

31 

2 0±0 66 

24 

6 9±193 

21 

11 0-18 0 

14 6d:211 

Gelatm 

06 

10 

16 6±7 71 

8 

10 2±0 83 

4 

60 

3 

87 

2 

20 0-29 0 

246 

Gelatm 

1 0 

19 

8 4±6 96 

17 

7 4±2 66 

10 

60±1 20 

3 

78 

3 

23 6-28 6 

26 2 

Edestm 

10 

20 

2 6±0 69 

20 

2 1±0 46 

20 

2 4±1 09 

18 

64±171 

17 

10 6-20 6 

14 3±1 93 

Ovomucoid 

10 

21 

46±143 

20 

6-3±2 62 

18 

6 9±3 60 

10 

8 8±219 

7 

18 0-33 0 

22 8±4 64 

Yeast nuoleo 
protem 

Senom (soluble) 

10 

14 

3 3±148 

12 

1 6±0 32 

12 

19±0 30 

10 

41±0 62 

10 

11 0-16 6 

13 1±1 72 

06 

0 

No growth 



— 

— 

— 

— 

— 

— 

— 

— 

Beef peptone 

1-2 

0 

No growth 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Tiyptio digest 
of oaaem 

10 

22 

41±1 70 

22 

2 8±0 78 

22 

2 8±0 69 

20 

41±0 77 

20 

13 6-18 6 

16 6±1 41 


be of inferior nutritive value for animals were equally 
unsatisfactory for the moaqmto larva Such nutri- 
tive madequacy was revealed by decreased rates of 
growth and of survival (Table 3) 

Gasetn digests and hydrolysates With the exception 
of tryptic digest of casern which, as can be seen from 
Table 3, produced a good response, other casern 
digests and hydrolysates proved disappomtmg 
Papam casern digest gave some stimulus to growth 
but acid hydrolysates were toxic, even after removal 
of chlondes and supplementation with ammo acids 
In spite of all efforts to free the hydrolysates from 
hiunm and other possible toxic mgredients, they 
produced no growth 

Amino-acid mixtures Pre limina ry studies were 
earned out with ammo acid mixtures used to supple 
ment ovalbumm and gelatm Details of the com- 
position of these mixtures have been given m 
Table 1 Eleven ammo acids, m conjunction with 
I % gelatm solution, produced a striking growth 
response (Table 4) With media contammg ammo 


acids but no protem, one of the mixtures tested was 
B, consistmg of 19 ammo acids m a concentration of 
0 67 % Here growth was greatly delayed and 
survival poor When the proportions were changed 
and the total concentration raised to 1 06 % (mixture 
0) the results were more encouragmg Because of 
their possible toxic effects, aspartic and glutamic 
acids were next omitted and the amino acid mixture 
£> provided for excellent growth and survival 
Mixture J, conswtmg of the same ammo acids m 
different proportions (more emphasis on essential 
ammo acids) was feu less effective 

Tlie next step was to omit ammo acids which, 
by anedogy with requirements of higher organisms, 
might be expected to prove dispensable The senes 
of mixtures N, O, P and R, contammg 14, 14, 13 and 
11 ammo acids respectively m concentrations of 
0 8-1 1 % all gave results decidedly inferior to those 
obtamed with mixture D Mixtures O and D were 
also tested at one half of then previous concen 
trations Although both media still contamed 


Table 4 


Growth of mosquito larvae on media containing mixtures of atnino-acids 


Protem 

Ammo acid mixture 

No of 
amino 

acids 11 
mixtur 

0\albumm (0 6%) 

X 

Q 

Gelatm (1 0%) 

X 

0 

Gelatm (10%) 

Y 

11 

Gelatin (1 0%) 

Y without tyrosme 

10 


S 

19 


a 

19 


D 

17 


I 

17 


N 

14 


0 

14 


P 

13 


P 

11 


0 (half strength) 

19 


D (half strength) 

17 


No of 
second 
larval 
mstars 

No of 
adult 

mosqmtoes 

Total tune taken (days) 

K 

Range 

\ 

Mean s n 

20 

6 

12 6-28 

19 1 

19 

12 

16 6-23 

18 6±1 62 

21 

21 

10 6-16 6 

12 6±1 05 

23 

19 

10 6-16 6 

12 3±1 31 

21 

10 

18 -33 

22 6±4 20 

20 

14 

10 6-16 6 

13 4±1 66 

19 

17 

9 6-16 

12 6±2 20 

22 

13 

16 6-26 

22 7±2 83 

21 

16 

12 -26 

16 6±3 16 

34 

16 

17 -29 

23 3±3 67 

24 

20 

17 -23 6 

19 3±2 56 

24 

13 

8 6-39 6 

23 0±6 91 

23 

13 

16 -29 6 

19 1±418 

18 

14 

14 -28 

21 3±4-10 
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approximately 0 6 % of ammo acids, groiyth and 
survival were adversely affected 

Attempts to eliminate yeast autolysate from media 
In order to study the ammo acid requirements of the 
larva it was desirable that the basal medium should 
be free from such ammo acids as might be mtro- 
duced by the 5^ast autolysate Efforts were made to 
replace the autolysate by pteroylglutamic acid and 
the lactone of 4-pyndoxic acid which, as reported by 
us (Golberg & De MeiUon, 1947) are capable of pro 
ducing good growth m sodium casemate media 
Replacement of sodium casemate by ammo acid 
mixtures such as D failed to produce growth, 
although there was no evidence of toxicity 

Attempts to concentrate the active prmciples 
from yeast autolysate by methods previously used 
for urme (Golberg, De MerUon & Murray, 1947) were 
successful only as long as casemate was used m the 
larval medium, and only m the mitial stages of the 
concentration process 

One further possibdity was a reduction m the 
concentration of yeast autolj^ate, from what might 
appear to be the unduly high level of 2 % Smee 
each experiment often lasted for well over a month. 


the deterioration of the medium m the course of 
prolonged mcubation made it necessary to have an 
mitially high level of the unstable growth factors 

Amino-actd requirements 

With ammo-acid mixture D as the startmg pomt, 
each component ammo-acid was omitted m turn 
For convemence the results have been recorded 
separately in Tables 6 and 6, accordmgas the ammo 
acids omitted proved to be ‘dispensable’ or ‘m 
dispensable ’ The larval response was by no means 
as clear cut as this division would suggest In every 
case the survival rate was smaller and the rate of 
growth to a greater or lesser extent delayed In 
some cases the tests were also earned out usmg as 
the basal medium mixture 1, which contamed much 
smaller proportions of ‘dispensable’ ammo acids 
This tune the omission of mdividual ‘dispensable’ 
ammo-acids made httle difference to the lanml 
response 

In contrast to the somewhat ambiguous results 
with ‘dispensable’ ammo acids, it was qmte clear 
that the followmg were qmte mdispensable glycme, 
L leueme, nn-isoleucme, n-histidme, n-arginme, l- 


Table 6 The effects on growth of mosquito larvae of the omission of a single ammo acid 




No of second 

Ammo acid 


larval 

mixture 

Ammo acid omitted 

instars 

D 

nii-Alanine 

23 

I 

nn-Alamne 

19 

D 

DL-Valme 

21 

I 

un-Falme 

21 

D 

Dii Prolme 

17 

I 

Di,-Prolme 

18 

D 

n-Hydroxyprolme 

17 

1 

n-Hydroxyprohne 

22 

D 

DL-^rmo 

21 

I 

DL-Serme 

20 

D 

n Cystme 

34 

D 

li-Tjrosme 

20 

D 

Dii-Phehylalanme 

20 

N 

Dii-Phenylalamne 

20 


No of 
adult 

mosqmtoes 

Total time taken (days) 

K 

t 

Range 


Mean s n 

13 

16 6-27 6 


19 6±3 61 

9 

19 6-315 


26 6±3 42 

9 

13 6-26 


18 7±3 0 

16 

16 -26 


19 6±2 34 

12 

14 -21 


16 6±1 89 

10 

18 -28 6 


24 6±2 07 

7 

11 -22 


13 9±3 62 

14 

19 -30 6 


26 7±3 13 

9 

16 -18 


16 7±126 

12 

18 6-31 


26 0±3 39 

16 

14 -27 6 


19 7±3 03 

11 

16 6-24 6 


20 6±2 74 

10 

11 -19 6 


13 6±2 62 

17 

12 5-28 6 


19 8±4 06 


Ammo 

acid 

mixture 

used 

O 

D 

0 

D 

O 

O 

O 

D 

O 

D 

D 


Table 6 The effects on growth of mosquito larvae of the omission of amino acids* 


Ammo aoids ormtted 

Glycme 

Glycme 

n-Leueme 

DL-Isoleucme 

n-Histidme 

L Argmme 

n-Lysme 

L Tiyptophan 

m.-Tlueomne 

nu-PIieiiylalaiime and L-tyrosme 
DL Methiomne 


Larval instara 


' 

n 


m 

A 


IV 

_A ^ 

Pupae 

A 

No 

/V ^ 

Mean, s n 

No 

Mean, s u 

No 

Mean, s n 

No 

Mean 

2 

60 

0 



— 

— 

— 

— 

22 

7 3±1 67 

22 

10 6±2 12 

6 

7 6±1 94 

0 

— 

16 

91±2 74 

3 

10 3 

0 

— 

— 



19 

4 4±1 17 

18 

4 0±0 91 

6 

71±102 

0 

' 

0 



— 



— 

— 



0 

18 

9 8±3 07 

12 

8 7±1 89 

0 


— 

— 

14 

7 0±2 77 

14 

8 0±3 41 

4 

7 6±166 

1 

11 0 

17 

8 6±2 91 

6 

6 1±2 20 

0 

— 



0 

- 

— 





— 

— 


3 

11 3 

0 

— 

— 

— 

■ — ■ 



• For explanation of headings see Table 3 
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Ijrsine, L tryptophan, dl tlireomne, nii-inethionme 
The case of di. phenylalanine and L-tyrosme mil he 
considered helow 

The sulphur -contawing amino -acids In the experi- 
ments just described a curious phenomenon "was 
observed m media from vrhich cystme was omitted 
Despite the presence of large amoimts of dl methio- 
nine m each medium, the great majority of the 
adults formed from the pupae were found dead m 
the medium, mth only the upper half of the body 
projectmg from the pupal case Exammation of the 
adults faded to reveal any obvious malformations 
In addition, the growth and survival rates were 
reduced and could not be improved by the addition 
of extra amounts of methionme or DL-homocystme 
or glutathione However, m the case of glutathione 
all the adults emerged, apparently quite normally 
(Table 7) _ 

Glycine and arginine Attempts to replace glycme 
by other compounds were partially successful m the 
case of glutathione but not when dl serme or 
creatme were used Similarly, L arginme could be 
replaced to some extent by dl citrulhne, to a shght 


extent by l ormthme, but not at all by creatme 
(Table 8) 

Phenylalanine and tyrosine In the experiments 
TecordedmTable6,neitherL-fyrosmenorDL phenyl- 

alarune alone could be shown to be essential, 
although the omission of both prevented all growth 
(Table 6) 

Effects on cuticular pigmentation 

The mosquito larva possesses chitmous plates on 
the head, siphon and saddle, which become more 
extensive as the larva approaches pupation It is 
these cucmnscnbed areas which are darkly pig- 
mented from the second to the fourth mstar, m 
contrast to the more diffuse pigmentation of the 
fiupa In most media the shade of pigmentation of 
the larvae varied from deep brown to jet black, but 
on one occasion it was noted that larvae grown on 
a'papam hver digest medium were extraordinarily 
pale (Golberg, De Meillon & Lavoipierre, 1945) At 
the tune this observation could not be repeated 

In the present senes of experiments pale, unpig- 
mented larvae were first observed m media con- 


Table 7 Effects of sulphur -containing amino-acids on the growth of mosquito larvae 


(Ammo aoid mixture » used m basal medium.) 



No of 




second 

No of 

Total time taken (days) 


larval 

adult 

A 

Additions to medium 

mstars 

mosqmtoes 

Range Mean s d 


(a) Methionme omitted from amino acid mixtirre D 


None " 3 

L-Cystme (0 4 g /L) 13 

L-Ck^e (0 4 g /L) - 1 - cholme (0 8 g /L) 14 

DL-Homocystme (0 6 g /] ) + cholme (1 g /L) '' 20 

DL-Honlooystme (H) g /I ) + cholme (1 g /L) 8 

DLHoinocystinB(l-Og/l)+cholme(lg/L) 0 


0 — 

2 17-22 

1 — 

2 — 

0 — 


19 G 

19 

24 


None 

DL-Methionme (0 4 g /L) 

DL Homooystme (0 08 g /I ) 
Glutathione (0 2 g /h) 


(6) Cystme omitted from ammo acid mixtm'e D 


34 

16* 

14 -27 6 

16 

4t 

17 6-24 

21 

12t 

16 6-33 6 

18 

0 

17 -26 6 


Numbers of adult mosquitoes which died while emerging * “11, ■|‘=4, J = 10 


19 7±3-03 
20-0±2 47 
21 6±6 11 
21 2±3 16 


Table 8 Effect of arginine and glycine on the growth of mosquito larvae 


Compound added 


CitmUme (0 6 g /] ) 
Ormthme (0 6 g yh) 
Creatine (0 8 g /I.) 


No of 
second 
larval 
mstars 
(u) L- Arginine 


No of Total tune taken (days) 

adult ! — — * ^ 

mosqmtoes Range Mean s d 

omitted from ammo-acid mixture O — 


0 _ 

21 H 

22 1 

0 _ 


15-30 6 


21 4±4 67 
296 


Senne (0 2 g /I ) 
Creatme (1 Og /I ) 
Glutathione (1 4 g /L) 


( 6 ) 


Glycme omitted from ammo acid mixture 


2 

11 

4 

17 


0 

0 

0 


17-26 


O 


23 7i3 62 
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tarning gelatin as the sole source of protem The 
ghost-hke appearance of the larvae ■was due to lack 
of pigment m the chitmous areas described Supple- 
mentation with ammo acids, mcludmg phenyl- 
alamne and/or tyrosme restored the pigment An 
mterestmg feature of these experiments was the fact 
that the pale larvae gave rise to pupae which were 
partially pigmented and, as far as could be ascer- 
tamed, the adults possessed their full characteristic 
pigmentation It was also noted that lack of pig- 
mentation had httle, if any, defimtely adverse effect 
on gro'wth or survival (Table 6) 

In the case of ammo acid mixture D the omission 
of tyrosme produced pale larvae and almost com- 
pletely unpigmented pupae, but the omission of 
phenylalamne appeared not to affect pigmentation 
This apparent paradox was resolved by mcreasmg 
the level of phenylalamne m the tyrosme free 
medium At a level of 1 0 g nn phenylalanme/1 of 
medium the larvae were pale up to the third mstar, 
but the fourth mstar larvae were dark and the pupae 
appeared normal At a level of 1 4 g of dl phenyl- 
alanme pigmentation was normal throughout 

Intermediate degrees of pigmentation Observation 
of fourth-stage larval pelts or, where these were not 
available, of early mstar larvae, mdicated the exist- 
ence of the following mtermediate degrees of pig- 
mentation between the colourless larva and the dark 
normal shade 

a 

0 White, -with no pigment visible 

1 Siphon and saddle clear yellow , no darkening 

2 Siphon and saddle bright yellow , no darkenmg 

3 Shght darkening of siphon and saddle 

4 Siphon defimtely darkened, saddle "with a 

large, clearly marked area dorsaUy 

It was thus a matter of mterest to us to assess the 
shades of pigmentation resultmg from the use of 
various possible precursors of melanm m a basal 
medium capable of producing colourless larvae but 
fairly good gro-wth and survival Some of the com- 
poimds tested were too toxic to permit growth to the 
fourth mstar, but the remamder gave rise to varymg 
degrees of pigmentation (Table 9) 


DISCUSSION 

Insects offer a strikmg contrast to higher anunalB m 
that many can dispense ■with dietary mtrogen during 
adult hfe (Uvarov, 1928) The protems utfiized 
durmg this tune must be drawn from reserves 
accumulated durmg larval life An additional factor 
to be taken mto consideration m many instances is 
the rapid rate of gro'wth These factors operating 
together ensure that the mosqmto larva is highly 
exactmg •with regard to its protem reqmremente 
Faduro to obtam protem prevents gro'wth even to 
the second mstar Failure •to obtam protem of 
adequate quahty may have the same effect or may 
prolong the tune of development far beyond its 
normal span 

For optimum growth m our media the mosqmto 
larva requires a level of protem as high as 1 % and, 
apparently, equally high concentrations of total 
ammo acids In earher experiments (Golberg et al 
1946) we had found that a very hght autoclaved 
suspension of nncro organisms sufficed for excellent 
gro'wth of the larvae In fact, it was frequently 
observed m contammated media that before the 
presence of the contammants was -visible to the 
naked eye it was betrayed by a distmct acceleration 
of larval gro'wth The high level of protem and of 
ammo acids found necessary m our experiments may 
be a consequence of the nature of the media em- 
ployed or of the fact that the mosqmto larva is 
equipped physiologically to deal -with discrete 
particles rather than solutions 

In this connexion attention should be dra-wn to 
the remarkably high levels of ammo acid mtrogen 
observed m the blood of msect larvae and chrysahds 
(Bishop, Briggs & Ronzom, 1926, Courtois, 1928, 
Duval, Fortier & Ckmrtois, 1928) Values as high 
as 4 g ammo mtrogen/1 have been reported, corre 
spondmg 'to well over 20 g of ammo acids/1 of 
haemolymph Such a consequence of histolytic 
changes probably obtains m the mosqmto larva and ' 
would explam the necessity for the high level of 
dissolved protem or ammo acids 


Table 9 Pigmentation induced in mosquito larvae by various compounds 

(Medium contamed 0 6% gelatm and ammo aoid mixture Y mth 'tyrosme and phenylalamne omitted All compounds 
tested at a concentration of 0 4 g /I ) -r, r 


Compound tested 
DL-Phenylalamne 
n-Tyrosme 

Tyramme hydroohlonde 
l- 3 Ammotyrosme 
L-S 4-Dihydroxyphenylalamne 
Dl>a Ammophenylacetio acid 
p Ammophenylacetio aoid 
L-S 5 Duodotyrosme 
Adrenahne 


Speounens exammed 

Fourth stage pelts 
Fourth stage pelts 
Fourth stage pelts 
Fourth stage pelts 
Third stage larvae 
Fourth stage pelts 
Fourth stage pelts 
Third stage larvae 
Second stage larvae 


Degree of 
pigmentation* 

1 

4 

- 1 
2 
0 
1 

2-3 

0 

0 


The significance of the numbers used is explamed m the text, p 384 
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The mosqmto larva is exacting m its requirement 
for ‘ complete ’ proteins In this respect it resembles 
Drosophila (Lafon, 1938), Blatella (McCay, 1933) and 
Pyrausta (Bottger, 1942) Lafon & Teissier (1939) 
have drawn attention to the smtabdity of yeast 
protems for the nutrition of Tenebno, and their 
remarks apply to many other msects, mcluding the 
mosqmto larva 

Our mabihty to uSe casern hydrolysates for the 
mosqmto larva recalls a similar experience reported 
by van’t Hoog (1936) with Drosophila Lafon (1938) 
and Tatum (1941)mettheprotemneeds of Drosophila 
by means of casern hydrolysates supplemented by 
C 3 ^stme and/or tryptophan On the other hand, 
Kozhanchikov (1944), Lafon (1938) and Buddmgton 
(1941) met with httle or no success m their efforts to 
replace proteins by ammo acids m insect diets Our 
results with mixtures of ammo acids show clearly 
that it IB not only the quahtative but algo the quan- 
titative composition of an ammo acid mixliure which 
determines its growth stimulating abdity By de- 
monstratmg the improvement m the rates of growth 
and survival which is brou^t about by the presence 
of non-essential ammo acids m adequate pro- 
portions these expenmente lay emphasis on the 
antagonistic and toxic effects of ammo acids (Glad- 
stone, 1939 , Hutchmgs & Peterson, 1943 , Pelczar & 
Porter, 1943, Porter & Meyers, 1946) 

The suggestion, that strepogemn (WooUey, 1946 
and earher references) is required by the mosqmtq 
larva would serve to explam the fact that growth 
on ammo acid mixtures is m general inferior to that 
which results from the use of casern, and that 
pteroylglutamic acid and the lactone of 4 pyndoxic 
acid can produce growth with sodium casemate but 
not with ammo acids However, protems such as 
egg albumm and gelatm, known to contam httle 
strepogemn (Sprmce & Woolley, 1946), produced 
slow groTvth , and when supplemented with ammo- 
acid mixture T, gelatm led to growth not greatly 
inferior to that obtamed with casern 

Essential amino-acids In connexion with larval 
requirements of ammo acids the concept of ‘ essen- 
tiahty’ has a special significance, smce provision 
must be made not only for growth but at the same 
time for maintenance of the adult It is mterestmg 
to observe, howei er, how closely the requirements 
of the larv'n resemble those of higher animals, m 
particular those of the chick Thus glycmo and 
argmino are mdispensable ammo acids for the chick 
(KIobo, Stokstad &. Almqmst, 1938, Almquist & 
Mecchi, 1940, Hegsted, Hier, Ehehjem cL Hart, 
1941), thoj are also indispensable for the mosqmto 
larva Tlio chick can utilize citrullme but not 
onntlnne in place of argimne (Klose Almquist, 
1940 , KIoso ct al 1938) Tlie mosqmto larvn is able 
_ to grow and metamorphose when gi\ en citrullme, it 
docs utilize omitluno to a small extent, smce there 
Biocliem 1918, 43 


was delayed growth to the fourth instar (The 
Tna-yrrmim times recorded were to the second stage, 
18 6 days, to the thud, 20 days, to the fourth, 
15 days, to the pupa, 12 days Many larvae were 
still ahve when the experiment was discontmued ) 
There is a stnkmg sunilanty between these obser- 
vations and the growth of Streptococcus haemolyticus 
on a medium m which argunne was replaced by 
ormthme Gale (1946) reported that with ormthme 
growrth was only one quarter of that with argimne 
and was also irregular Although isotope experi- 
ments have demonstrated the conversion of L serme 
mto glycme m the rat and gmnea pig (Shemm, 1946), 
Ahnquist & Grau (1944) found that the omission or 
inclusion of serme m chick diets had no effect on 
their need for glycme Similarly, the mosqmto larva 
was unable to utahze serme m place of glycme With 
glutathione its response was defimte but delayed and 
incomplete In contrast to its effectiveness m the 
chick (Almquist, Mecchi & Kratzer, 1941 , Hegsted 
et al 1941,) creatme proved mcapable of replacmg 
glycme m the larval diet 

Little IS known concerning the role of glycme m 
mvertebrates Kutscher & Ackermann (1933) noted 
the surprising fact that glycme betame has not been 
found m insects, although it defimtely occurs m 
Crustacea They attributed this observation to the 
rapidity of mseot metabolism, which prevents the 
accumulation of glycme m appreciable quantity and 
hence the formation of betame 

Valine Microbiological assay of vahne using 
Lactobamllus arabinosus revealed a concentration of 
29 mg vahne per g of yeast autolysate It is doubt- 
ful whether m such a case the entire response of the 
test organism was due to vahne, but the result 
accounts for the findmg that growth of the mosqmto 
larva is not seriously affected by lack of added vahne 
m the medium A final decision on the essentiahty 
of vahne for the mosqmto larva well have to be 
deferred until the existing diflSculties m devismg a 
smtable test medium have been overcome 

Sulphur-containing amino acids q?hat cystme is 
a dispensable ammo acid is generally accepted So 
much so, that most mvestigators of recent years have 
made no effort to ascertam whether m fact cystme 
is replaceable m all its functions by methionme 
Hegsted (1944) acknowledged this omission m 
studies on the ammo acid requirements of chicks 
There exists considerable evidence, especially among 
micro organisms, that cystme plays an mdispensable 
part m nutrition m certam circumstanoes vSuch 
observations give added pomt to the effect of cystme 
lack on the mosqmto larv^a The failure of a large 
proportion of adults to emerge successfully suggests 
that a deficiency of cystme is possible, despite the 
high lev el of methionme m the medium IMoreover, 
while cystme and homocystme are both capable of 
replacmg methionme to some extent, only gluta- 
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I 


386 

tluon© could replace cystme m its abihty to promote 
normal emergence of adults 

Phenylalanine and tyrosine Mosqmto larvae seem 
equally capable of utilizmg either pbenylalanme or 
tyrosme, a fact which might be explamed by the 
presence of a small quantity of phenylalanme m the 
yeast autolysate used Tlus suggestion fails to 
accoimt for the fact that growth is delayed in the 
absence of tyrosme but remains imaffected when 
phenylalanme is omitted from the medium 

The production of unpigmented larvae on media 
lackmg tyrosme or phenylalanme is, to our know- 
ledge, the first demonstration that the absence of 
these ammo acids from the diet can affect pigmen- 
tation It IS instructive to consider the quantitative 
aspect of these experiments Smce all media con- 
tamed equal amounts of yeast autolysate, this factor 
remamed constant From the values given by 
Hodson & Krueger (1946), a 1 % solution of sodium 
casemate would contam 0 48 g L phenylalanme and 
0 63 g L tyrosme/1 Tlus medium produces full pig 
mentation In an ammo acid medium, dl phenyl- 
alanme, m a concentration of 1 4 g /I , also produces 
darkly pigmented larvae, but a level of 1 0 g /I 
allows pigmentation of the fourth stage larva but 
not of the earlier mstars , 0 6 g /I produced no visible 
pigmentation In 0 6 % gelatm the amount of 
phenylalanme present would be 0 13 g /I (calculated 
from the analysis of Block, Jervis, BoUmg & Webb, 
1940) An additional 0 4 g /I of l tyrosme is suffi- 
cient for the dark pigmentation of fourth mstar 
larvae, but the same amount of dl phenylalanme 
produces pale yellow pigmentation Thus both with 
ammo acid mixture D and with gelatm it is clear 
that L tyrosme is greatly superior to dl phenyl 
alanme m its abihty to promote the formation of 
melanm It may be that d phenylalanme is not 
utfiizable for melanm formation — in vivo only l 3 4- 
dihydroxyphenylalanme is acted upon by dopa 
oxidase (Sumner & Somers, 1943) Takmg mto 
account the strong melanm forming powers of p- 
ammophenylacetic acid (Table 9) it seems more 
probable that dl phenylalanme is utilized for the 
most part for other, more essential, purposes 

The activity of p ammophenylacetic acid, and 
even to a small extent of a-ammophenylacetio acid, 
mdicates that compounds of various types must bo 
taken mto consideration as precursors of melanm 
in VIVO The findin gs of Pryor, Russell & Todd (1946) 
that the phenohc substance responsible for the 
hardemng of the cockroach ootheca is protocatechmc 
acid, m addition to the results of earher workers, 
suggests that a wide range of compounds may 
possibly play a part m the darkening of the msect 
cuticle 

Berra (1946) has shown that melanms extracted 
from hairs of different hues contam varymg pro- 
portions of melanoid pigment and protem Ae- 
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cordmg to his analyses, a combmation of 60% 
melanoid pigment and 40 % protem leads to a hlack 
melanoprotem, but 30 % pigment and 70 % protem 
constitutes a yellow melanoprotem The ' colours 
observed m the head, siphon and saddle of the 
mosqmto larva are therefore mdicative of the 
relative proportions of melanoid pigment formed 
imder the experunental conditions employed From 
our results it becomes clear that the production of 
melanm is a process dependmg directly on the level 
of dietary phenylalanme and tyrosme — or, more 
correctly, on the excess over the quantities required 
for growth and protem synthesis In consequence of 
tlus fact, varymg degrees of melamc pigmentation 
can be produced at will and absence of pigmentation 
durmg the early mstars, when all avadable phenyl 
alanme is presumably required for pr,otem syntliesis, 
can be followed by the production of sojn© melanm 
when the larva is full-grown 

Our observation that m the mosqmto larva pig- 
mentation has httle connexion with growth under- 
Imes the statement made by Wigglesworth (1942) 
that ‘the pigmented constituents of insects, m some 
cases are, perhaps, substances of physiological 
importance, but the majority seem to be merely 
by-products of metabolism’ Smce tannmg by 
means of a melanm precursor plays an essential part 
m the hardenmg of the insect cuticle (Pryor, 1940, 
Trim, 1941, BLurst, 1940, 1946) it is possible that m 
unpigmented larvae the cuticle remains soft The 
physiological imphcations cannot be discussed here 
There is obviously a wide scope for the use of the 
nutritional approach to the study of melanm for 
mation in vivo for the elucidation of the many 
problems as yet unsolved m this field 

SUMAIARY 

1 In a medium complete m other respects, but 
lackmg protem the mosqmto larva does not grow 
to the second mstar 

2 After yeast, casern is the most smtable protem, 
but mcomplete protems, on supplementation with 
ammo acids, prove adequate for growth and survival 
to the adult stage 

3 Good rates of growth and survival could be 
produced by usmg mixtures of ammo acids, but 
vanation m then relative proportions or reduc- 
tion m the number of ammo acids had adverse 
effects 

4 By ormttmg smgle ammo acids from a mixture, 
it was possible to establish that the foUowmg are 
essential for the mosqmto larva glycme, l leucme, 
DL isoleucme, L-histidme, l arginme, L-lysme, l- 
tryptophan, DL-threomne, dl phenylalanme and 
DL methionme The status of dl valme could not be 
determmed while usmg yeast autolysate m the 
medium 
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g There was evidence that the omission of l- 
cystme resulted a high proportion of adult 
mosqmtoes fadmg to emerge 

6 Accordmg to the level of phenylalanme or 
tyrosme in the medium vexious shades of pigmen- 
tation could be produced m the mosqmto larvae The 
adults emergmg even from wholly unpigmented 
larvae were normally pigmented and there appeared 


to be httle relation between pigmentation and 
growth or survival A number of compounds were 
found capable of producmg mtermediate degrees of 
pigmentation m the mosqmto larva 

We wish to thank Prof C B Haruigton and Dr E L E 
Stokstad for matenala used m these investigations It is 
a pleasure to acknowledge the assistance of Miss M. Curne 
and Mr J M. Thorp 
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In recent jears evidence has been presented by 
so\ oral groups of w orkers that cbondroitm sulphate 
exists in tissues such as cartilage m a very highly 
pohTnerized condition The earlj workers m the 
field regarded chondroitm sulphate as au ohgo 
saccharide of quite low molecular weight, and 
T^\ono (1926) formulated the substance as a non- 
roduemg tetrasacchande composed of two residues 
of glucuronic acid and two residues of a sulphate of 


N acetylglucosamme Perhaps the mam reason for 
the failure of the early workers to recognize the 
highly polymerized character of the pol 5 'sacchande 
lay m the fact that strongly alkalme reagents were 
invanahly used to effect the initial extraction from 
the tissue, and it has smee been shown that the 
polysaccharide is rapidly degraded m the pre 
sence of strong alkah, particularly at temperatures 
aboie 0° 
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The quantitative extraction of chdndroitin sulphate from 
cartilage remams a matter of considerable difBculty, and 
dilute NaOH is still frequently employed This method was 
mvestigated by Jorpes (1029), who showed that a concen 
tration of NaOH as high as 0 6 K was necessary to extract the 
acid polysaccharide from cartilage at 0° Meyer & Smyth 
(1937) suggested the use of strong solutions of calcium, 
strontium or bannm chlondes, and obtained good yields 
of chondroitin sulphate by the extraction of dried car- 
tilage powder with 10% (w/v) CaClj solution at neutral 
reaction. 

Bhx & SneUman (1946) used CaCl. extraction and were 
careful to avoid acids or alkalis durmg the subsequent 
separation of the polysacchande firom the protem moiety 
of the extracted mucoid Prepared under careful conditions, 
the chondroitm sulphate was shown to have a molecular 
weight of the order of 260,000 and a long oham structure was 
suggested In dilute alkah, the molecule was depolymenzed 
at room temperature to a rather defimte pomt, at which the 
products formed were stdl of colloidal size, although giving 
httle double refraction of flow The molecular weight of 
chondroitm sulphate extracted from cartilage by dilute 
alkah was estimated to he of the order of 40,000-50,000 

Meyer & Odier (1946|^ prepared chondroitm sulphate by 
extraction of hog nasal cartilage m 0 6 K-NaOH at 6° Their 
preparation was probably similar to the alkah degraded 
polysacchande of Bhx & SneUman (1945), and from viscosity 
measurements calculated on the basis of an nnbranched 
cham its molecular weight was estimated at 10,000-16,000 
The reducing power of the polysacchande towards NalO 
at pH 10 6 and towards H10< at pH 4 2-4 4 was mvestigated, 
and from the results ohtamed it was concluded that the 
residues of gluouromo acid and N acetylglucosamme 6 sul 
phate are arranged to form an unbranched cham molecule 
This conclusion is m opposition to the earher view of Bray, 
Gregory & Stacey (1944) who methylated a degraded chon 
droitm that had been ohtamed by acid hydrolysis of a 
chondroitm sulphate prepared with klkah Prom isolation 
of the products of hydrolysis of the methylated ohgosao 
chande it was concluded that chondroitm sulphate pos 
sesses a structure of the branched cham type 

The chondroitm sulphate of hyahne cartilage is associated 
with the semi transparent, apparently structureless, ground 
substance that constitutes the bulk of the tissue and gives 
the cartilage its charaotenstio physical properties The 
cartilage cells occupy cavities m this ground substance and 
appear to be isolated from one another In spite of its 
apparent homogeneity, histological studies show that the 
mtercellular ground substance is not amorphous smce after 
digestion with trypsm or by use of the various silver im 
pregnation methods, collagenous fibnls are discermble which 
form a dense felt-work r unnin g m all directions or gathered 
together m oriented bundles From its histochemical 
reactions the collagen of the ground substance of cartilage 
is considered to be similar to that occurring m loose con- 
nective tissue When cartilage is extracted with alkalis or 
with solutions of morgamc salts, part of the material passes 
mto solution and constitutes the so called ‘ chondromucoid ’ , 
the residue is mainly collagen but retains more or less 
mucoid according to the efBoiency of the agent used for 
extraction The chondromucoid contains protem and gives 
precipitates on addition of acetic aad which usually take 
the form of dear firm gels 

The nature of the protem moiety of chondromucoid and 
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its relation to the chondroitm sulphate and the collagen 
structures of the tissue itself have received relatively httle 
attention Bungenberg do Jong & Dekker (1936) studied the 
interaction of chondroitm sulphate with proteins and showed 
the presence of complexes which were regarded as ‘ coacer 
vates’ Meyer, Palmer & Smyth (1937), on the other hand, 
looked upon the interaction as a salt formation and showed 
that m the presence of acetic acid true salts are formed in 
stoicheiometno proportions by the umon of the basic groups 
of the protem with the acid groups of the polysacchande 
It was shown that m the presence of 2% (w/v) acetic acid, 
the amount of chondroitm sulphate combmed by a protem 
corresponded to the amount of basic ammo acids contamed 
in the protem, and further, the chondroitm sulphate bmdmg 
power of the protem was m agreement with the acid ’bmdmg 
power found by studies of dye protem complexes In the 
salts studied the chondroitm sulphate was found to react 
with the protem as a dibasic acid , both the sulphunc acid 
group and the carboxyl group of the uromc acid residue take 
part m salt formation Meyer et al (1937) were of the 
opmion that chondroitm sulphate occurs m nature m salt- 
like complexes which are present as structurally organized 
elements of sheet or fibre form, and pomted out that analysis 
of ground cartolage showed the ratio of hexosamlne N to 
total N to be 0 048, a figure that compares well with the 
correspondmg ratio 0 056 for the gelatm salt of chondroitm 
sulphate This close correlation led to the view that the 
major portion of the cartilage is a protem salt of chondroitm 
sulphate 

This suggestion is not home out by the experiments of 
Bhx (1940), who submitted an aqueous extract of cartilage 
(nasal septum of ox) to electrophoresis m the apparatus of 
Tisehus (1937) at hydrogen ion concentrations withm the 
physiological range Two components only appeared, the 
faster being almost pure chondroitm sulphate while the 
slower was a protem containing only 0 02% hexosamme 
No evidence of combination at a higher pH than the iso 
electric pomt of the protem was reported, and the result 
appears to support the earher view of M6mer (1889) that m 
cartilage the acid polysacohande is at least partly prese'nt as 
alkali salt and is, therefore, not fully combmed with protem 
It should be pomted out, however, that only a very small 
proportion of the chondroitm sulphate is extractable from 
fresh cartilage by water under the conditions used by Bhx, 
and the extracted mucoid may not be m the same form as 
the material remaimng m the tissue 

The mtention of the work described here was to 
make a prehimnary study of the oheroical structure 
of the mtaot tissue, and m embarking on this pro 
blemitwas considered thatapossiblehneof approach 
would he m the apphcation of a process of successive 
mild degradation of one or other of the components 
of the tissue, followed by an exammation of the 
breakdown products that resulted The process of 
degradation of collagen fibres as they occur m 
tendon or hide has already received much attention, 
particularly by workers mterested m the mechamcal 
properties of leather, and for this reason the first 
approach has been a study of the hberation of chon- 
dromucoid under conditions that would be expected 
to give rise to thermal degradation of the collagen 
structures present m the tissue 
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The -work of Lloyd & Garrod (1946) has shown that 
collagen fibres of tendons (from the tails of rats) 
rapidly contract to about one third of their original 
length when heated in water to 60—7 0°, and that in 
the contracted state the fibres show a new property 
of rubber like elastic extension Lloyd and her 
colleagues found that formanude, strong solutions 
of the phenols and anhydrous formie acid are very 
effective m reducing the temperature at which 
tliennal contraction takes place Strongly acid 
(pH 2) or alkahne (pH 12) solutions and concentrated 
solutions of salts are also effective Among the salts 
the effect of the lyotropic senes is evident and, m 
addition, is stated to be particularly effective m 

causmg shortening m length at low temperatures 

Smce published data on the thermal contraction 
of collagen fibres were insufflcient to afford a direct 
comparison with the methods devised for the ex 
traction of cartdage, a number of experiments were 
carried out during the course of this work to deter- 
mme the effect on rat tciil tendon of the temperature 
and concentration conditions used m the extraction 
experiments, and these are reported m the experi- 
mental section 

It IS probable that the ohondroitm sulphate 
hberated under the rather mild conditions that give 
rise to thermal shnnkmg of collagen fibres remains m 
a condition closely approachmg its state m the tissue 
itself and, with this m mind, it was considered that 
a study of the physical and chemical properties of the 
extracted mucoid would bo of value Evidence of 
complex formation between the undegreided poly 
saccharide and the protem of the mucoid under con- 
ditions of pH and salt concentration m the physio- 
logical range is of particular mterest, and for this 
reason a prehmmary electrophoretic study of the 
material extracted by the new method has been 
undertaken 

EXPERIMENTAL 
AnalyiKal methods 

A modification (Lugg, 1938) of the peroxide fusion method 
was used for the estimation of total S Ester bound S was 
detonmned os SO* S after hydrolysis with 6 n HCl for 20 hr 
at 100°, u s in g the gravimetno procedure described by Lugg 
(1938) The micro Kjeldahl method was used for the deter- 
mination of N Moisture was deter min ed by drying to 
constant weight over PjOj at 80° under reduced pressure, 
and m all cases ash was weighed as sulphate 

All analj ses quoted m the text aro corrected for ash and 
n atcr unless it is otherwise stated. 

Preparation of the cartilage powder 

rixsh cartdage from septum nasi of cattle was freed from 
adhering connective tissue and finely chopped with a scalpel. 
Tiio pieces were mtroduced at once mto acetone, and after 
standing for some time m two or three changes of solvent 
thci were dned in air at 70° and ground m a hammer mill 
througli a sieve inth arcular apertures 0 56 mm m dmmeter 


Extraction of carriage powder with water at 
room temperature 

Although httle mucoid could be extracted from 
fresh cartilage by water at room temperature, even 
after the tissue had been finely mmced, a consider- 
able proportion of the mucoid became extractable 
after the tissue had been dehydrated m acetone and 
ground to a powder Portions of the powdered 
cartilage (N, 12 4, ester S, 1 2, P, 0 06, ash, 6 6, 
moisture, 6 6%) were extracted with distilled water 
by shakmg gently for 2-3 hr at room temperature 
One extraction was sufficient to remove the bulk of 
the extractable material, but m order to exhaust the 
residue, two further similar treatments were given 
The chondromucoid was precipitated from the 
aqueous solution by £iddition of ethanol (3 vol ) after 
addmgafewml ofsaturatedsodiumacetatesolution 
to brmg the concentration of the salt to about 0 6 % 
(w/v) The precipitate was washed first with 80 % 
(v/v) ethanol and then thoroughly dehydrated with 
anhydrous ethanol before drymg Prepared rh this 
way the mucoid wm a fine white powder havmg 
N, 9 2-11 6, ester S, 3 2-3 3, P, 0 04%, and dis- 
solved m water to give a clear viscous solution 
Results obtamed from a number of experiments 
showed that 30-36% of the aoid-hydrolyzable S 
present m the ongmal tissue was extractable by 
diHtiUed water at 18-23° 

Effect of a short heat treatment on the extraction 
of cartilage powder 

Cartilage powder that had been thoroughly ex- 
tracted with water at room temperature yielded a 
further amount of chondromucoid after a short heat 
treatment m water at 60-80° Portions of the water- 
extracted powder (1 66 g ) yielded 0 273 g of chon- 
dromucoid after heatmg with distilled water at 80° 
for 10 min , followed by shakmg gently for 2 hr at 
room temperature In a subsequent senes of expen- 
ments it was found that a preparation of cartdage 
powder that had already yielded 36 % of its content 
of ester S by extraction with cold water yielded a 
further 30-36 % of the ester S ongmally present m 
the tissue, on treatment with distdled water at 60° 
for 30 mm The chondromucoid extracted after heat 
treatment was similar m composition to that ex- 
tracted by cold water havmg IST, 10 7-12 4, ester S, 
3 1—3 7 % The material rema inin g insoluble still 
contamed 33-36 % of its ongmal content of ester S, 
havmg N, 14 7-16 0, ester S, 0 6-0 63 % 

Extraction with calcium chloride solution 

Extraction with a 10 % (w/v) aqueous solution of 
CaCl. was found to be more effective after an mitial 
short period of gentle heatmg A sample of cartilage 
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powder that had alreEidy been exhaustively ex- 
tracted with cold water was warmed to 45° for 
30 mm with 10 % (w/v) CaCL solution (pH 7 49), 
followed by coohng to room temperature and 
shakmg for 3 hr The extracted ohondromucoid had 
N, 8 2, ester S, 3 8 % and represented 28 % of the 
ester S origmaUy present m the fresh cartilage The 
substance after recovery from the CaCh solution was 
not entirely soluble m distilled water or m dilute 
salt solutions, and gave a small amount of gelatmous 
residue After removal of insoluble material by 
centrifugation, the aqueous solution was clear and 
viscous Smce extraction with neutral CaClo solution 
under these conditions was mcomplete, the ex 
traction was repeated with a solution of CaCh (10 % 
w/v) that had been adjusted to pH 1 1 by addition of 
Ca(OH)2 followed by filtration The mixture was 
heated to 37° for 30 min , and m this case a total 
extraction of 90 % of the ester S was obtamed, but 
the product (N, 11 7, ester S, 3 6%) did not give 
highly viscous aqueous solutions and appeared to bo 
more readily soluble m water than the mucoid 
extracted at neutrahty The residue from the 
cartilage after a further extraction with the alkalme 
CaClj reagent had N, 16 5, ester S, 0 16, total S, 
0 66%, and smce aU but a small residue (63%) was 
converted to gelatm on heatmg with water at 120°, 
the substance was considered to be almost wholly 
collagen 


Extraclion with aqueous solutions o/Jormamide 

Preshly prepared solutions of anhydrous forma 
nude (m p — 2°) were used for these experiments 
Neither 10 % (v/v) nor 30 % (v/v) solutions were 
effective m extractmg further mucoid from water 
extracted cartdage powder at temperatures up to 
37° However, on wamung to 46° for 30 mm a 
further 30 % of the ester S ongmally present m the 
tissue was extracted by 30% (v/v) formamide 
solution, and the product after recovery by pre 
cipitation with ethanol (N, 10 0, ester S, 3 3 %) was 
similar m analytical composition to the product of 
extraction with hot water or calcium chloride 
solutions The mucoid extracted with 30% (v/v) 
formamide, redissolved m water to give clear viscous 
solutions 

Thermal contraction of tendons from the tail of the rat 

The procedure adopted was a modification of that 
of Lloyd & Garrod (1946) The tendons were carefully 
extracted from rat tails that had been stored for 
2 weeks at 0°, and any tendon that had been 
stretched or damaged m the process of removing it 
from the tad was rejected To both ends of each 
tendon a small lead shot was attached by msertmg 
the end of the tendon mto a deep cut m the shot, 
made by a razor blade, and then gently closmg the 
cleft by means of a pair of forceps 


Table 1 Thermal contraction of rat tail tendon 


(The length of the tendon at the tune indicated is eipresaed as percentage of the uutisl length ) 


Temp 

2 min 

5 mm 10 mm 

Solvent distilled water 

20 min 

60 mm 

65° 

100 

100 

100 

100 

100 

60 

49 

64 

96 

97 

100 

66 

47 

93 

100 

103 

110 

70 

33 

104 108 

Solvent 10% (w/v) CaCL (pH 6 05) 

112 

116 

37° 

100 

100 

100 

98 

92 

46 

60 

63 

90 

120 

60 

43 

68 88 

Solvent 10% (w/v) CaClj (pH 11 2) 

100 

106 

40° 


86 

27 

30 

116 

46 



27 

27 

44 

111 

60 

23 

23 38 

Solvent anhydroufl fonnamide 

84 

118 

35° 



95 

67 

67 

96 

40 


67 

69 

100 

102 

46 

— 

61 100 

Solvent 30% (v/v) aqueous formamide 

110 

112 

30° 

100 

100 

100 

97 

36 

40 

67 

76 

96 

102 

106 

45 

67 

67 66 

Solvent 10 % (v/v) aqueous formamide 

74 

77 

40° 


87 

27 

30 

110 

45 

w— 

27 

27 

44 

87 

60 

23 

23 

36 

84 

118 
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The tendon weis suspended m a narrow graduated 
cylinder which contamed the solvent, the upper lead 
sliot being gripped in a ohp while the lower one hung 
free The weight of the lower shot was chosen to be 
just sufficient to smk the tendon and hold it at full 
length Tlie graduations on the cylinder were used 
as an arbitrary unit for measuring the clianges m 
length of the tendon, and for temperature control 
the cyhnder was placed in a water bath fitted with 
a stirrer 

The results of a number of experiments are given 
m Table 1, which shows the changes m length with 
time at various temperatures and m various solvents 
In aU experiments, little change m length occurred 
below a certam hmitmg temperature, above this 
temperature, however, rapid contraction took place 
and this was followed by a slow mcrease m length 
so that the final length of the tendon was often 
greater than the untial value At tins stage the 
tendon had lost much of its tensile strength and had 
become partially gelatmous In the table, only those 
experiments earned out near the limitmg tem- 
perature are reported It should be noted that there 
was some variation m the behaviour of mdl^’ldual 
tendons, even among those extracted from the same 
rat’s tad, but the values recorded are typical of the 
results obtamed from many experiments 

Correlation of the conditions resulting in extraction of 

chondromucoid with those giving nse to thermal con 

traction in collagen fibres 

In Table 2 the results of a number of extraction 
experiments are given The sample of cartdage 
powder used had not been previously extracted with 
water at room temperature so that the yields given 
(expressed as percentage ester S extracted from the 
onginal tissue) are total yields It seems clear that 
a short period of heatmg materially assists the 
release of chondromucoid from the remammg con 


stituents of the tissue, either m aqueous solution or 
m solutions of formarmde or salts Further, the 
action of CaClj or formamide solutions is not duo 
entuely to an enhanced solubihty of the chondro- 
mucoid m these reagents, smee the substance is 
readily soluble m cold water, and can m foot be 
extracted m good yield by distilled water alone after 
a short heat treatment Solutions of the active 
reagents have, however, a marked effect in reduemg 
the temperature of the heat treatment necessary 
to effect extraction C!omparison of Table 2 with 
Table 1 shows the marked correlation between the 
reaction conditions necessary to extract chondro 
mucoid m good yield with those givmg nse to 
thermal contraction of free collagen fibres It should 
be pomted out, however, that, except in the expen 
ments with CaClj solution at pH 11, complete ex- 
traction was not obtamed, and m this one case there 
IS reason to suppose that the mucoid itself suffered 
degradation smee the product gave solutions that 
were considerably less viscous than those obtamed 
from chondromucoid extracted with less alkahne 
media Although there were considerable variations 
in the N and S contents of the extracted mucoids m 
mdividual experiments, the figures given m Table 2, 
which sliow the range obtamed over a number of 
dupheate experiments, mdicate httle systematic 
variation and show that the product extracted 
under the varymg conditions had substantially the 
same analytical composition 

Isolation of the 'protein component 
Investigations on mucopolysaccharides of bac 
tenal ongm have shown that the solubihty of the 
polysocohande moiety of the complexes m strong 
solutions of phenol is m some cases less than that of 
theprotem (cf Morgan & Partridge, 1 Oil ) In the case 
of chondromucoid it was found that at 37° consider- 
able amounts of protem may be extracted from the 


Table 2 Effect of heat treatment on the extraction of cartilage powder in various solvents 



Ester S 

Chondtomnooid 

_ Jk- 

Treatment 

Water at 20° 

Water at 60°, 30 mm 

extracted 

(%) 

30-36 

68 

Ester S 
(%) 

3 16-3 3 

31 

N 

(%) 

9 2-116 

12 4 

Water at 80°, 10 mm 

CaOl, (pH 7 6) 

46°, 30 mm 

86-70 

60 

36-37 

36-38 

10 7-1 1 0 
8 2-9 7 

CaClj (pH 7 6) 

66°, 30jnm 

65 

35-36 

93 

CaCl, (pH 11) 

37°, 30 mm. 

95-98 

36-38 

117 

Formamide 30% (v/v) 

37°, 30 mm. 

44 

— 

— 

Formamide 30% (v/v) 

46°, 30 mm 

63 

33 

10-0 
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dry powder by 90% (w/w) aqueous phenol Tlie 
mucoid (2 g , N, 9 41, ester S, 2 33, ash, 9 3, 
moisture, 6 6 %) was allowed to stand at 37° with 
90 % (w/w) phenol solution (160 ml ) for 24 hr , the 
mixture bemg occasionally stirred The residue was 
removed by centrifugation and the clear solution 
treated with ethanol (3 vol ) The heavy precipitate, 
after coUectmg and washmg with etheinol m the 
centrifuge, was dissolved m water at 60° and agam 
precipitated with ethanol After washmg with 
ethanol and ether the substance was dried at room 
temperature over PjOb 

Prepared m this way, the substance had N, 17 63, 
ester S, 0 13 , total S, 0 44 % and was thus essentially 
protem m character The residue from phenol ex- 
traction had N, 7 96% (uncorrected for ash and 
water) and was extracted with further quantities of 
90 % phenol solution The yield of protein from the 
first extract was 0 2 g , but from successive extracts 
the amount of protem yielded dimmished rapidly 
and after four extractions the N content of the 
residue remamed constant at 7 26 % (uncorrected) 
It was clear, therefore, that although part of the 
protem contamed m the ‘undegraded’ mucoid was 
freely extracted by phenol solution, a further part 
of it was not available for extraction, and m sub- 
sequent experiments it was not found possible to 
reduce the N content of the mucoid below about 7 % 
by repeated extraction with phenol The protem was 
not soluble m cold water or cold dilute alkalis or 
acids, but dissolved readily m water at 60-60° giving 
clear viscous solutions On coolmg, the solutions set 
to a firm gel 

Viscosity of the extracts 

The dry preparations of chondromucoid were 
usually not completely soluble m water or buffer 
solutions, and solubihty slowly decreased on storage 
m the dry stdte Solutions of the chondromucoid, 
on the other hand, were fairly stable, but it was 
observed from time to time that the viscous solutions 
slowly became more opalescent on standmg at 0 
and sometimes gave rise to a fine precipitate 

These effects caused difficulty m makmg up 
solutions of the mucoid for nscosity determmations 
or for electrophoresis experiments and for this 
reason fractionation with ethanol was ehmmated 
and the extracts obtamed m solutions of electrolytes 
were first dialyzed against distilled water for 48 br 
followed by dialysis against the appropriate buffer 
solution Concentration was then measured re- 
fractometncaUy by makmg use of a value for the 
refractive mcrement of the mucoid m the buffer 
solution Smce the composition of the mucoid was 
rather variable, particularly as regards ash and N 
content, there was some uncertamty about the value 
of the refractive mcrement to be adopted, but from 
a number of experimental determmations on mucoid 
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extracted from the cartilage powder m phosphate 
NaCl buffer of pH 6 90 at 60° an average value of 
1 60 X 10"^ (1 % (w/v) at 26 2°) was adopted for aU 
the refractometnc estimations 
Viscosity determmations were earned out at 26 4° 
m an Ostwald viscosimeter havmg a capillary length 
of about 9 cm and a flow tune for water of 31 2 sec 
As would be expected the relative viscosity (tj,) of 
the mucoid m salt solution was much lower than that 
given by the same preparation m distilled water , for 
instance, mucoid that had been extracted by dis 
tilled water at 60° gave (after dialysis against changes 
of distilled water) a value for ly, m water of 3 16 for 



Fig 1 Log -Qr for extracts of cartilage, viacosity deter- 
mmatioiis earned out m phosphate NaCU buffer of 
pH 6 90, fi, phosphate, 0 02, p, NaCI, 0 20 I, HjO at 
70°, n, CaCl, (pH 7-4) at 66°, HI, Phosphate NaCl at 
60°, IF, CaClj (pH 11 0) at 37° 

a 0 26 % solution, while after dialysis against phos- 
phate-NaCl buffer of pH 6 97 (p, phosphate, 0 02, 
fi, NaCl, 0 18) the solution had p, 1 63 at the same 
concentration The viscosity of the mucoid, both m 
water and salt solutions, showed variations from 
preparation to preparation even under carefuUy 
controlled conditions of extraction, but the values 
for the viscosity of mdividual preparations at 
different concentrations lay on smooth curves The 
values for log for different dilutions of most of the 
preparations could he fltted by straight Imes, and 
Tig 1 shows log pr plotted against concentration for 
a number of the preparations 

If the equation of the log p, concentration curve 
is taken as 

logprpAc, 
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where JI is a constaat and c is the concentration of continuous faU m viscosity which foUowed the ^t 
the solute, then, at infinite dilution (provided dramatic change may have been due to the de 
natural lo^ are used), i. = the ‘mtnnsio viscosity’ gradation of this protem (cf Ames, 1947) 

[■>?]> where Electrophoresis experiments 


(Kraemer & Lansmg, 1936) 

According to Staudmgec (IDiO) the value of 
mtnnsic viscosity is proportional to particle weight 
even m the case of heteropolar substances, provided 
that the particles are huear mactomolecules and 
charge effects are suppressed by carrymg out the 
viscosity determinations m solutions containmg a 
sufficieht concentration of electrolyte However, the 
solutions of mucoid contam more than one mole 
oular species and, as will appear later, m dilute 
solutions containing electrolytes chondromucoid 
may be looked upon as a complex m equihbrium 
wilh ite dissociation products Xlnder these con- 
ditions it 18 probable that the significance of [ij] as 
a measure of particle length is quahtative only, hut 
smoe [17] for the extracts made under alkahne con- 
ditions IS of a lower order compared with the values 
given by the mucoid extracted at neutral reaction, it 
IS clear that m the former case considerable de 
gradation has occurred 

It is imphoit m the theory of Staudmger that the 
effect of molecular association on viscosity depends 
upon the relative position of the molecules asso 
ciatmg together If compact bundles are formed, the 
viscosity is supposed not to be affected, while, of two 
Similar molecules associate end to end, the value for 
[tj] is twice as great as m the absence of association 
The hneanty of the log 77, curves is therefore of 
especial mterest smce it mdicates that, m the 
presence of electrolytes, the degree of end to end 
association is not significantly moreased with m- 
creasmg concentration 

Effect of heat treatment on the viscosity 
of chondromucoid 

An extract of chondromucoid was prepared m 
phosphate NaCl buffer of pH 6 9(71, phosphate,0 02, 
ft, NaCl, 0 18) and was dialyzed agamst several 
changes of the same buffer Samples of the solution 
(10 ml , c 0 481 % (w/v)) were sealed m glass tubes 
and heated for varymg periods of time, one series 
bemg heated at 100° and another at 80° At both 
temperatures the viscosity of the solutions fell very 
rapidly m the first 6 mm of heatmg, the mitial rapid 
fall bemg followed by a further slow reduction m 
viscosity over a period of some hours The initial 
viscosity of the solution was 77, 3 12 at 26 4° and after 
heatmg 6 mm at 80° the value fell to 77, 1 69. after 
wluch, on heatmg a further 10 hr at 80°, the value 
ohtamed was 77, 1 36 Smce, as will appear later, the 
solution of mucoid contamed firee gelatm, the slow 


The experiments were corned out at 3 2° m the 
apparatus ofTisehufl (1937) usmgtheoptical arrange- 
ment of Philpot ns modified by Svensson (1930, 
1946) In order to suppress boundary anomalies and 
to reduce the effects of viscosity the experiments 
were corned out with solutions containmg high con- 
centrations of salt and low concentrations of colloid 
Phosphate-NaCI, glycme NaCl and acetate NaCl 
buffers were used, the solutions havmg lomc strength 
0 02 with respect to the buffer ions and lomo strength 
0 18 with respect to NaCl The preparations of 
mucoid and protem were dialyzed against the appro- 
priate buffer for 3—4 days until eqmhbrium was 
reached, the concentration of the coUoid was then 
measured refractometncally and the solutions were 
adjusted to 0 25-0 6 % (w/v) by dilution with the 
buffer The conductivities of the buffer and mucoid 
solution were measured at 0° and the mean of the 
two values was used m conjunction with the rmlh- 
ampere readmgs m order to dete rmin e a mean value 
for the potential gradient at the boundaries Smce 
conductivity was measured at 0° the values for 
mobihty given m the tables refer to 0° rather than 
to the temperature at which the experiment was 
earned out The pH of the buffer solutions was 
measured by means of a hydrogen electrode at 0° 
Electrophoresis of mucoid solutions The results of 
a senes of electrophoresis experiments earned out on 
the same batch of cartilage extract are given m 
Table 3 The extract was made at 60° m phosphate 
NaCl buffer of pH 6 9 foUowmg the procedure 
already^ given, and, for the mdividual mobihty 
determinations, samples of the extract were dialyzed 
agamst buffers of the desured pH 

Pig 2 (o) shows the electrophoretic pattern 
obtamed at pH 8 6m phosphate NaCl buffer (p, 
phosphate, 0 02 , /i, NaCl, 0 18) Over a range of pH 
values from 6 9 to 9 0 the patterns given were 
essentially similar In the positive limb of the cell 
three boundanes were mvanably present, and these 
were denoted A, OP and B m the order of their 
mobihties In the negative hmb, however, two 
boundanes only were visible, the mobdities corre- 
spondmg to fractions A and B The A peaks were 
sharp m both limbs, and companson of the mobihties 
given for A m Table 3 with those found by Bhx 
(1940) showed the A component to be chondroitm 
sulphate This conclusion was afterwards confirmed 
by isolation of the component usmg the large 
apparatus ofTisehus (1938) The peaks due to sub 
stance B were sharp m the negative hmb, but rather 
diffuse m the positive hmb, and owmg to the (hfifi- 
culty m measurmg the position of the diffuse peak 
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the observed average values of mobility for B "were 
subject to some variation The observed values, 
however, were near to those recorded for the purified 



Fig 2 a Electrophoresis pattern of chondromucoid in 
phosphate NaCl httSer at pH 8 5 The preparation was 
obtained by extracting cartilage powder with phosphate- 
NaCl solution {pH 6 9) at 60“ Left, negative, 
descending, nght, positive, ascending 



Fig 2 6 Electrophoresis pattern of chondromucoid after 
heating at 100° for 30 mun m phosphate NaCl solution 
of pH 6 88 Left, negative, descending, nght, positive, 
ascending 

protom component of the mucoid (given m Table 4), 
and for this reason the peaks B were identified with 
the protem The component CP gave a very sharp 
peak m the positive limb, but withm the pH range 
mdicated m Table 3 the boundary was absent m the 
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negative limb Although the sharpness of the peak 
facihtated mobihty reachngs, its position varied 
rather considerably m different preparations and the 
mobihty values recorded m Table 3 show soma 
scatter At pH 6 26 the peak CP showed m both 
limbs At this acid reaction the prejmrations were 
usually rather opalescent and it was observed that 
after the current had been passed for some tune 
opalescence was largely confced between the two 
OP boundaries 

The reduction of viscosity on heatmg the cartilage 
extracts has already been reported, and Fig 2 (6) 
shows the electrophoresis pattern obtamed with a 
phosphate NaCl extract (pH 6 88) of cartilage that 
had been heated at 100° for 30 mm m the same buffer 
m which the extract was made In heated pre 
parations the CP peak was mvariably absent, and 
tbe two components A and B appeared with sym- 
metrical peaks m both limbs Table 3 shows the 
values for mobihty of the two components m phos 
phate-NaCl buffers of pH 6 88 and 6 33 The tune 
and temperature of heat treatment required to 
ehmmate the component OP was found m all cases 
to be sufficient to complete the first rapid stage m the 
reaction leadmg to reduction of viscosity of the 
extracts, whether the heat treatment was carried out 
m phosphate -NaCl buffers of varymg pH or m 
aqueous acetic acid solution It thus appears pro 
bable that the component OP contributes signifi- 
cantly to the viscosity of the unheated solution This 
conclusion is borne out by the extreme sharpness of 
the CP peak and also by the opalescent appearance 
associated with the complex, both of which obser- 
vations mdicate a particle of considerably greater 
size than either of the other two components m the 
system * 


Table 3 EUctrophoretio pattern of cartilage extract 

Mobilities (average from both limbs, « x 10“) 


Exp 


pH 

Chondroitm 

CP 

Protem 

no 

Buffer 

(0°) 

sulphate 

component 



Unheated extract 


-106 

25 

Phosphate {(i, 0 02) 

+ NaCl (p,0 18) 

6 25 

-10-64 

-664 

21 

Phosphate (/i, 0 02) 

6 89 

-10 90 

-6 8* 

-194 


+Naa (;i,018) 





22 

Phosphate (fi, 0 02) 

6 93 

-11 36 

-2 34* 

-136 


+Naa (;i,018) 





19 

Phosphate (p, 0 02) 

7 88 

-1168 

-4 32* 

-131 


-i-Naa (fi.018) 





26 

Glycme (ft, 0 02) 

9 01 

-11 76 

-4 04* 

-148 


-t-NaCl {/i, 0 18) 






Extract heated at 100'=' for 30 nnn m phosphate NaCl (pH 6 88) before dialysis against appropriate buffer 


35 

Phosphate {n, 0 02) 

4- NaCl {/i, 018) 

6 88 

-12 36 



-1 12 

36 

Phosphate (;i, 0 02) 

4- NaCl (/i,0 1S) 

6 33 

^ -124 


-122 


* The boundary appeared m the positive limb of the cell, but 'Wtls absent from the negative limb 
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Eleclrophorests of the protein component The pro- 
tein component isolated hy extraction of the dry 
mucoid -mth 90% (w/w) phenol solution was 
electrophoreticaUy homogeneous over a pH range 
3 6-7 0 The mobihty readmgs m a series of buffers 
of total lomc strength 0 20 are recorded m Table 4 
The boundaries m both limbs of the cell were sharp 
and symmetrical and the pH mobihty curve 
obtamed by plottmg the data m Table 4 was 


The work described m the experimental section 
shows that the mtercellular matter of hyahne 
cartdage of beef septum nasi is composed almost 
exclusively of chondroitm sulphate and proteins of 
the collagen group, the relationship between these 
substances havmg been examined by degradation of 
the tissue material m a senes of controlled steps 


Table 4 Mobility of the protein isolated from chondromucoid 


Exp 

no 

Buffer 

pH 

28 

Glyoine (p, 0 02) 
+NaCl (g, 018) 

3 68 

30 

Acetate (p, 0 02) 
+NaCl (p, 0 18) 

429 

31 

Acetate (p, 0 02) 

+ NaCI (ft, 018) 

6 11 

32 

Acetate (ft, 0 02) 

+ Naa (ft, 0 18) 

6 63 

29 

Phosphate (ft, 0 02) 
+NaCl (ft, 0 18) 

6 95 


generally of the shape found for gelatm (Moyer & 
Moyer, 1940) The isoelectnc pomt of the protem m 
acetate NaCl buffer {p, acetate, 0 02, p, NaCl, 0 18) 
was 4 86 This is close to the value (4 9) found by 
Moyer & Moyer for the isoelectric pomt of electro- 
dialyzed commercial gelatm adsorbed on quartz or 
collodion particles, and smee the solubihty pro- 
perties, gel formation and analytical composition of 
the protem were similar to those of authentic gelatm, 
the protem must be regarded as havmg origmated 
from coUagen 

Electrophoresis of gelatin prepared from the coUa- 
genous residue remaining after extraction of the carti 
lage vnth alkaline CaClj solution The gel formmg 
protem prepared by heatmg the coUagenous residue 
m an autoclave was similar m analytical com 
position to authentic gelatm, and showed a single 
sharp boundary m the electrophoresis apparatus 
The mobihty readmgs given by the protem fitted 
the mobihty pH curve obtamed with the samples of 
gelatm isolated from the chondromucoid (Table 4) 
It thus appears that, apart from a small insoluble 
residue (compnsmg less than 6% of the mtact 
tissue), tlie ground substance of cartdage is a 
structure bmlt up from no more than two clearly 
recognizable chemical mdividuals, chondroitm sul- 
phate and coUagen, the process of successive de 
gradation described m this work may therefore be 
looked upon as leadmg to the destruction of a 
collagen chondroitm sulphate complex, and ulti- 
mately to the complete degradation of the collagen 
structure to gelatm and the hberation of chondroitm 
sulphate m a degraded form 


Mobdities (u x 10®) 



e 

U +V6 

+2 29 

M -ve 

+ 2 69 

Average 
+2 44 

+ 1 19 

+ 1 10 

+ 1 19 

-0 31 

-0 31 

-031 

-0 68 

-0 47 

-0 63 

— 0 85 

-0 76 

-0 80 


The extreme sensitivity of coUagen to mcrease 
m temperature led to the view that the coUagen 
structure of cartdage would suffer modification at 
lower temperatures than does the chondroitm sul- 
phate, and experiment showed that if the tem- 
perature of an aqueous suspension of powdered 
Cartdage was raised to a pomt at which thermal con- 
traction of the coUagen would be expected to take 
place (60-70°) the treatment resulted m the release 
of a highly viscous, water soluble mucoid conta inin g 
Chondroitm sulphate m a yield representmg some 
60 % of the amount ongmaUy present m the 
tissue The use of salt solutions, particularly 
those of the divalent alkahne earths, had the 
expected effect m reducing both thp temperature 
of contraction of the coUagen of rat tad tendons 
and the temperature required to release chondro- 
mucoid from cartdage to approximately the same 
degree 

The analytical composition of the mucoid ex 
tracted from cartdage remamed remarkably con- 
stant over a senes of extraction experiments m 
which a number of solvents and salt solutions were 
used, provided the lowest effective temperature was 
employed, but the yield of chondroitm sulphate 
obtamed was usuaUy no more than 60-70 % of that 
present m the tissue If higher temperatures were 
used, the mucoid had a lower viscosity and con tamed 
an excess of protem Extraction with 10 % calcium 
ohlondo solution at pH 11 gave yields of 90-96 % of 
the ester bound sulphur ongmaUy present m the 
tissue, but here agam, the viscosity of the extracted 
mucoid was low 
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The “water soluble mucoid was examined m the 
electrophoresis apparatus of Tisehus over a con- 
siderable pH range and, m addition to the boundaries 
due to the protein and the acid polysaccharide, a 
third boundary, due to a complex between the two, 
was observed over the whole range covered by the 
experiments Prom pH 9 0 to 5 8 Hie third boundary 
(designated GP) appeared m the positive limb only, 
but at pH 6 3 it showed its presence m both hmbs 
and at this acid reaction the solution had a distmct 
opalescence which appeared to he cortSned between 
the two OP boundaries The substance responsiblo 
for the CP boundary was heat labile and a further 
stage m the process of degradation was earned out 
by heatmg the mucoid at 80-100° for 10-30 tmn 
when it no longer showed the presence of the third 
boundary m the electrophoresis apparatus and the 
protem and polysacohande components migrated 
mdependently The disappearance of the OP boun- 
dary on heatmg the mucoid was comcident with a 
considerable fall m the viscosity of the solution, and 
smee the sharpness of the GP boundary mdicated a 
particle of considerable length, it seems probable 
that the complex contributed significantly to the 
viscosity of the unheated solution The fafiure of the 
component to appear as a distmct boundary m the 
negative hmb at hydrogen-ion concentrations near 
neutrahty may be due to the mstabihty of the com- 
plex except m the presence of an excess of chon- 
droitm sulphate Such mass action effects are 
common m antigen antibody reactions and reveal 
their presence m zonmg phenomena 

A suruleir position has been revealed by the work 
of Chargaff, Ziff & Moore (1941), who exammed the 
electrophoretic behaviour of heparm when mixed 
with serum albumm or dialyzed plasma A third 
component was observed (designated by these 
authors the G component), which had a mobdity 
mtermediate between that of serum albumin and 
the acid polysaccharide In this case, however, the 
O component was more clearly discermble on the 
descendmg side than on the ascendmg side, which 
usually showed only a broadenmg of the albumm 
peak Some preparations of heparm failed to pro 
duce the G component, hut m this case the heparm 
peak appearmg on the descendmg side was many 
tunes larger than on the ascendmg side Chargaff 
and his colleagues also exammed the effect of chon- 
droitm sulphate on human plasma protems, hut no 
evidence of complex formation was obtamed How- 
ever, a highly purified specimen of chondroitm sul- 
phate was used and it may have been somewhat 
degraded m the process of purification 

Smee the complex formation of heparm with 
serum albumm is of considerable importance m the 
anticoagulant activity of the former it was con- 
sidered of mterest to assay the activity of ‘unde- 
graded’ chondroitm sulphate as an anticoagulant 
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However, it was found that both the mucoid itself 
and a preparation of chondroitm sulphate obtained 
from the mucoid by separation m the large apparatus 
of Tisehus (1938) had less than 2 % of the activity of 
a commercial preparation of heparm 

Complex formations between protems and chon 
droitm sulphate at reactions more acid than the 
isoelectric pomt of the protem have been studied m 
some detail by Meyer et al (1937), who show that 
the mucins produced are m fact true salts, and are 
formed m stoicheiometric proportions The present 
demonstration of reversible complex formation at 
alkahne reactions, however, mdicates association of 
a different type wherem the protem and the poly 
saccharide are both negatively charged The 
character of the bonds mvolved m a umon of the 
latter type is unknown, but provided the particle 
Sjze of the components is sufficiently great, polar 
association is not excluded smee, except under very 
strongly alkahne conditions, the more strongly basic 
centres of the protem molecule are stfil charged 
positively I 

It IS known that native collagen suffers a loss of 
ammoma on conversion mto gelatm, and there is 
evidence that m its untreated condition collagen has 
an isoelectric pomt higher than that of gelatm pre- 
pared from It (cf Ames, 1944) It is, therefore, 
probable that conditions m the mtact tissue are 
different from those obtainmg m the extracted 
mucoid. However, smee complex formation occurs 
between chondroitm sulphate and protem m the 
mucoid at hydrogen-ion concentrations withm the 
physiological range, it seems reasonable to presume 
that it also occurs m the mtact tissue This assump- 
tion provides an answer to a pomt that has frequently 
been debated The early workers, m particular 
M6mer (1889), held that chondroitm sulphate oc- 
curred m the tissue as an alkah metal salt, while 
Meyer et al (1937) were of the view that the tissue 
contains a salt between chondroitm sulphate and 
protem It now appears that the position hes be- 
tween the two extremes, and that the strongly acid 
sulphate groups are most probably held m com- 
bmation with some of the basic residues of the pro- 
tem, the net charge of the complex bemg adjusted 
mainly by a competition between alkah metal 10 ns 
and hydrogen 10 ns for carhoxyhc acid residues m 
both protem and polysaccharide 

It has not proved possible to secure the hberatioh 
of mucoid from the tissue by any treatment suffi- 
ciently mild to avoid modifymg coUagen, and it is 
therefore clear that the mucoid, particularly as 
regards its protem moiety, should be looked upon 
as an artifact However, the circumstance that 
chondroitm sulphate retains its capacity of complex 
formation m the water soluble system resultmg from 
degradation of the tissue affords some msight mto 
the structure of the tissue itself If our knowledge 
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of the chemical behaviour of the polysaccharide is 
comhmed "with the results of histological investi- 
gations the structure may he visualized as a network 
of collagen fibrils, m some places orgamzed mto 
parallel bimdles to form nucroscopic fibres and 
m others relatively disorgamzed and heavily cross- 
hhked by association with chondroitm sulphate 
The extraction experiments also suggest that the 
protem of the mucoid sprmgs from the ‘ disordered’ 
collagen of the cementmg substance rather than 
from the ordered fibres 

This view of the structure of the tissue is supported 
ty the recent observations of Cohen (1942), who 
showed that many proteins of plant ongm havmg a 
molecular weight greater than 10' were precipitated 
by heparm, chondroitm sulphate and hyaluromo 
acid, and m some cases gave rise to extremely long 
particles often of paracrystalhne form Large con- 
centrations of the colloidal amon were required to 
effect the precipitation, but only small quantities 
of the polysacchandes were earned down by the 
orystaUme precipitates 

These facte mvite speculation as to the part 
played by chondroitm sulphate m the onentation 
ofeoUagenm developing connective tissue In tissue 
cultures and healing wounds the fibres arise from 
fibroblasts which migrate mto the medium or the 
exudate from the wound, the fibres afterwards be- 
oommg onented mto fibre bundles, finally adoptmg 
the charactenstio form of true collagenous tissue 
It may be that the typical structure of collagen m 
cartilage and connective tissue generally is the result 
of a process similar m character to the production of 
the paracrystals observed by Cohen (1942) m which 
chondroitm sulphate, actmg as a multivalent amon, 
cements together the protem molecules to form 
fibrous macromoleoules and eventually fibre bundles 
It IS noteworthy that even the most regular white 
connective tissue, that m tendon, alwa 5 rB contains 
appreciable amounts of mucoid 


STOEMARY 

1 The mtercellular substance of bovme nasal 
cartilage is composed almost exclusively of two 
major components — collagen and chondroitm sul- 
phate 

2 A soluble mucoid may bo extracted from dried 
cartilage powder after a short heat treatment with 
■water at 60-70® 

3 The 'tempera'ture required to hberate mucoid is 
reduced m the presence of morgamc salts, alkalis 
and formamide, and the conditions necessary to 
secure extraction m good yield are generally those 
which give rise to thermal contraction of collagen 

4 The mucoid contains chondroitm sulphate and 
a protem derived from the degradation of collagen 
prepared under the lowest effective temperature 
conditions, the mucoid behaves m the electro- 
phoresis apparatus of Tisehus as an oquihbnum 
mixture of chondroitm sulphate, protem and a com- 
plex formed between the two 

6 The association of chondroitm sulphate ■with 
protem m the mucoid occurs over the range pH 6-9 
■withm which both the protem and the acid poly- 
saccharide are negatively charged The complex 
formation is of a different type from the salt 
formation kno^wn to occur below pH 4 86 

6 On further heatmg, the mucoid loses its 
capacity to form complexes at pH 6-9 and suffers 
a rapid reduction m viscosity 

7 The part played by such complex formation m 
the mtact tissue is discussed and it is suggested that 
chondroitm sulphate has an important role m the 
organization of collagen m developmg connective 
tissue 

> 

The experimental ■work deaonbed above was earned out 
by Mr H F Da^vis, and formed part of the programme of 
the Food Investigation Board of the Department of Scientrfio 
and Indnstnal Research 
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The Influence of Bactericidal Agents and of the Absence of L-Ascorbic 
Acid on the Accumulation of Hydroxyphenyl Compounds in the Large 
Intestme of Guinea Pigs after theConsumption of HighDoses of L-Tyrosme 

By H a painter aOT) S S ZILVA {Member of the Scientific Staff, Medical Research OouncU), 

Lister Institute, London 

{Received 11 February 1948) 


In a previous communication (Pamtor & Zilva, 
1947) it was shown that very much larger quantities 
of hydroxyphenyl compounds* were found m the 
large mtestme, mainly m the caecum, 3 or 5 hr after 
the mgestion of high doses of L tjrrosme when gumea 
pigs were depleted of l ascorbic acid, than when they 
received cabbage ad lib with the basal diet It was 
further observed that a similar accumulation m the 
large mtestme could be found when sulphaguamdme 
was administered to gumea pigs subsistmg on the 
basal diet with cabbage ad lib In this paper experi- 
mental evidence is given which affords an explana 
tion of this phenomenon, and observations have 
been made which are of fundamental theoretical 
mterest and have poasibihties of therapeutic apph- 
cation 

EXPERIMENTAL 

Technique For details of expenmental animals and diet, 
see Penney & Zdva (1946) For methods of coUeotion of 
nnne, preparation of tissues for analysis, determmation of 
total hydroxyphenyl compounds (‘tyrosme’). and l- 
tyrosme, see Pamter & Zilva (1947) 

The samples of sulphaguamdme, succmylsulphathiazole 
andphthalylsulphathiazole used were commercial medicinal 
products 

Administration of the bactericidal agents In the most 
mtensive experiments of long duration (8-16 days), the 
compounds were administered as aqueous suspensions m 
quantities varymg from 0 1 to 0 3 g , the doses being adjusted 
from day to day so as to prevent a loss m weight of the 
vammals In the case of the experiments of shorter duration 
(3 days) dady graded doses of 0 05, 0 1, 0 2 and 0 3 g of 
snlphagnamdme were administered to the reqieotive groups 
Experiments have proved that gumea pigs on a diet con 
taming cabbage ad lib , even after dosage with sulpha 
guamdme for 8 days. Were fully saturated m respect of 
L ascorbic acid 


* Hydroxyphenyl compounds are usually determmed by 
methods which are based on Ihllon’s reaction. A negative 
reaction is then taken to mdicate rupture of the benzene 
ring, although m reahty it only mdicates the disappear- 
ance of the phenohc group For the sake of greater 
acouracy we abstam m this commumcation from referring 
to the rupture of the benzene ring m cases m which the 
Mdlon’s reaction is absent 


RESULTS 

The 'tyrosine' content of the large intestine of guinea 
pigs after the administration of l tyrosine under 
different dietetic conditions 

Table 1 summarizes the results with sixteen groups, 
each of 12 gumea pigs All the animals were kdled 
3 liT after the administration of 0 6 g of L-tyrosme 
and the contents of the large mtestme, comprismg 
the caecum, colon and rectum, were immediately 
analyzed for hydroxyphenyl compounds by Fohn & 
Ciocalteu’s method ( 1927) The xmlues thus obtamed 
are calculated as ‘tyrosme’ No significant quan- 
tities of these compounds were fovmd m the faeces 
passed durmg the 3 hr between the admmistration 
of the L tyrosme and slaughter References m the 
text to animals depleted for a certam time signify 
the tune which elapsed smce the removal of the 
cabbage, previously administered ad Itb , from the 
basal scorbutic diet The statistical treatment of the 
data was carried out as described by Snedecor (1937) 
for the determmation of the t value 

The mean value for ‘ tyrosme ’ obtamed with the 
animals receivmg cabbage ad lib m addition to the 
basal scorbutic diet durmg the pre-expenmental 
period (group 1) was very low compared with that 
obtamed with the arumals which were depleted for 
14 days (group 6) Group 1 also has a wide variation 
of the mdividual values No other group, with the 
possible exception of group 16, showed this char- 
acteristic This IS particularly evident when the high 
ratio of the standard deviation to the mean is com- 
pared with similar ratios m the other groups This 
observation is m accordance with expectation, if it 
be assumed that the quantity of ‘tyrosme ’ found m 
the large mtestme is controlled by the quantity of 
cabbage present there when the administered n 
tyrosme reaches the large mtestme m considerable 
quantities The amount of the cabbage present would 
m such a case depend on the quantity eaten and on 
the tune when it was consumed and this'would vary 
with the mdividual animal In all the other groups 
the conditions were more under the control of the 
experimenter and thus the fluctuations were not so 
marked 
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rp w 1 rphp 'twosine' content of the large tntestine of guinea pigs 3 hr after the administration 

^ h of; Talipre^Lly *««« W«,«™ 


Group Addition to 

no basal diet 

1 Cabbage ad hb m the 

pre experimental 
period 

2 Nil 

3 Nil 

4 Nil 

5 Nil 

0 Nil 

7 26 mg L-ascorbio acid 

dady 

8 Nd 

9 Nd 

10 Nd 

11 Nil 

12 Nd 

13 Nd 

14* Nd 

16 Nd 

» 

10 Nd 


Days 

0 

1 

3 

6 

8 

14 

0 


14 


14 

14 


14 


14 


14 


Treatment on day of 
L-tyiosvne dosmg 


25 mg n-ascorbio acid mth 
the i^tyrosine 

100 mg L-ascorbio acid 
with the L-tyrosine 
100 mg L-ascotbio aoid 

with the ir-tyrosine 
100 mg t-ascorbio acid 

with the i^tyrosme 

26 mg i^-ascorbio acid with 
the ix-tyrosme 

100 mg I. ascorbic acid 

1 hr before, with, and 
1 hr after the L-tyrosme 

Cabbage ad hb imme 
diately after the li-tyrosine 

100 mg L-ascorbio acid 

with the L-tyrosme and 
cabbage ad hb name 
diately after 

Cabbage adhb 2 hr before 
the L-tyrosme, 100 mg 
L-asoorbio acid with the 
L-tyroame and cabbage ad 


Mean 
‘tyrosine’ 
content 
(expressed 
as mg 
ij-lJytosme) 

24 


94 

134 

104 

106 

169 

65 

86 

68 

88 

85 

108 

76 

92 

98 

29 


6 D 

29 

39 

61 

49 

30 
46 
32 

41 

31 

46 
39 
63 

47 

36 

24 

26 


xlOO 


3 D 
Mean 
121 

42 

38 

47 
28 
29 
49 

48 
63 
62 
46 

49 
62 

38 

26 

90 


Tliat the disappearance of the ‘tyrosine’ from the 
large intestme depends on the constant presence of 
cabbage is seen from the fact that after the removal 
of the cabbage from the diet for 24 hr (group 2), the 
quantitj of ‘ tyrosme ’ present m the large intestme 
became significantly higher than m group 1 ({= 4 98), 
but it still remained significantly lower than that 
found after 14 days’ depletion (group 6, t=3 73) 
TJnfortunately, an attempt to find out how soon after 
the removal of the cabbage from the diet the 
mavunum mtestmal content of ‘tyrosme’ imght be 
reached was not completely successful as experi- 
ments earned out 3, 6 and 8 dajm after the re- 
moi al of the cabbage from the diet (groups 3—5) 
yielded i allies which were not alwaj'S significantly 
different among themselves, and sometimes not even 


80 when compared with the mean obtamed after 

14 days’ depletion (of groups 3 and 6, t = 1 26) 10118 

15 possibly due to the great mdividual variation 
m the tune durmg which the imadtered cabbage 
remains m the lower reaches of the mtestmal 
tract 

The first attempt to ascertam whether the de- 
gradation of the phenohe group of the L tyrosme m 
the large mtestme was connected with the vitamm C 
content of the cabbage was made by administermg 
dady 25 mg of synthetic x. ascorbic acid m solution 
for 6 days to gumea pigs mamtamed on the basal 
scorbutic diet, the last dose of the vitamm bemg 
given with the x tyrosme It was found (group 7) 
that the mean of the contents of this group was of the 
same order as that of group 2 (animals depleted for 
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24 hr ), but was, nevertheless, significantly higher 
than that of group 1 which received cabbage ad hb 
[t=3 29) The essential pomt, however, is that the 
means of groups 3-6 which were depleted for 
3, 6, 8 and 14 days resjiectively {« = 3 97, 2 31, 3 24 
and 6 81 respectively) were markedly higher In 
other words, the presence of £-ascorbic acid per ae 
IS capable of producmg a qieedier disappearance of 
the phenohc group of the ‘ tyrosme ’ m the mtestme 
It is of mterest to note that after 1 day’s depletion 
the ‘tyrosme’ values could not be lowered by the 
a dminis tration of 26 or 100 mg of L-ascorbic acid 
with the L tyrosme dose {vide groups 8 and 9) Yet 
after 6 or 14 days’ depletion the ‘tyrosme’ values 
could be lowered to that obtamed after 1 day’s 
depletion by the administration with the L-tyro- 
sme of 26, 100 and 300 mg (m three successive 
doses of 100 mg ) of l ascorbic acid {vide groups 
10-13) 

Various attempts to attam the low ‘tyrosme’ 
values observed m the case of gumea pigs on a diet 
contammg cabbage ad lib were made This was 
' accomplished only when cabbage was offered ad kb 
to gumea pigs 2 hr before the administration of 
0 6 g of L-tyrosme with 100 mg of l ascorbic acid 
and subsequent cabbage ad kb (group 16) On the 
other hand, the administration to gumea pigs de- 
pleted for 14 days of (a) three successive doses of 
100 mg of L ascorbic acid, one before, one with and 
one after the dose of l tyrosme (group 13), (6) of 
cabbage ad kb with the L-tyrosme (group 14) and 
(c)oflOOmg ofL ascorbic acid m addition to cabbage 
ad kb with the dose of l tyrosme (group 16), only 
lowered the large mtestme ‘ tyrosme ’ values to values 
approximatmg that of the mean of the group of 
animals depleted for 1 day (group 2) It wiU be 
noted that m group 16 the mdividual values are as 
widely distributed as m group 1, probably for the 
same reason 

The evidence m this senes of experiments de- 
fimtely supports the view that the consumption of 
vitamm C favours the disappearance of the phenohc 
group of L tyrosme or of the hydroxyphenyl de- 
gradation products of this compound from the 
mtestme The higher efficiency of cabbage as an 
agent m this process of degradation as compared 
with L-ascorbic acid m solution cannot be fully 
explamed at present Two possible explanations are 
worth considermg One is that durmg the transit of 
the cabbage m the alkahne section of the mtestme 
the vitamm is more protected, and that m the large 
mtestme there is a gradual release of the l ascorbic 
acid In consequence, the total quantity of the 
vitamm is more efficiently utilized m the reaction m 
question than when the l ascorbic acid is m solution, 
and is more accessible for destruction through other 
agencies Alternatively, the cabbage, apart from 
its physical condition, may contam another sub- 
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stance which conduces to the breakdown of l 
tyrosme m the mtestme We mchne to the former 
view 

The injluence of bactericidal agents on the degradation 
of L tyrosine in the intestines of guinea pigs 

The results of the above experiments strongly 
mdicated the possibility that the accumulation of 
‘tyrosme’ m the large mtestme of the depleted 
gumea pigs was the consequence either of a change 
m the mtestmal flora which was caused by the 
absence of L ascorbic acid or of a change m the 
capacity of some of these organisms to metabolize 
the phenohc group of l tyrosme and its degradation 
products The obvious approach to the elucidation 
of the problem was, therefore, to study the influence 
of bactericidal agents known to modify the bacterial 
fl.ora of the mtestme The action of sulphaguamdme, 
succmylsulphathiazole and phthalylsulphathiazole 
was sccordmgly mvestigated with this pomt m view 
In each case it was found that these agents when 
administered per os to animals receivmg cabbage ad 
kb produced, as m the case of the depleted animals, 
an accumulation of ‘tyrosme ’ m the large mtestme, 
mainly m the caecum A detailed and comparative 
study of gumea pigs receivmg cabbage ad hb and 
sulphaguamdme as the bactericidal agent on the one 
hand, and depleted gumea pigs on the other, has, 
however, revealed some differences between the 
changes brought about by the presence of the bacteri- 
cidal agent and the absence of L-ascorbic acid from 
the diet These differences, as will be seen later, did 
not, however, imhtate against the hypothesis that 
the absence of 1 ascorbic acid and the presence of the 
bactericidal agent were capable of modifymg t|ie 
mtestmal flora of the gumea pig so as to mterfere 
•with theu degradation of the l tyrosme present 
there 

The results of this group of experiments are sum- 
marized m Tables 2 and 3 The outstandmg fact 
which emerges from Table 2 is that 3 hr after the 
administration of L tyrosme 'there is a great accumu- 
lation of ‘tyrosme’ m the large mtestme of the 
depleted gumea pigs and of the animals which 
received cabbage ad kb and sulphaguamdme, when 
compared -with the content found m the case of the 
animals recei'vmg only cabbage ad hb Even a daily 
dose of 0 1 g of sulphaguamdme given for 3 days 
pre-vious to the administration of l tyrosme already 
produced this effect The data m Table 2 disclose a 
further pomt which, apart from its general mterest, 
has a bearmg on the present problem It -wlII he 
seen that the concentration and contents of the 
hydroxyphenyl compounds m the tissues of the 
entire mtestmal tract m the groups of the depleted 
animals and of the animals receinng cabbage ad hb 
were much higher than m the case of the groups 
which were dosed ■with sulphaguamdme In the 
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latter animals, althougli the size of the dose and the 
tune durmg which it was administered did not 
influence the content of ‘tjrrosme’ m the large 
mtestme to an appreciable extent, it did, neverthe- 
less, influence the content and concentration of the 
hydroxyphenyl compounds m the walla of the m- 
testmal tract In the animals dosed mtensively 
(0 1-0 3 g sulphaguamdme for 12-16 days) only 
traces of ‘tyrosme ’ could be found m the mtestmal 
tissues, but low concentrations, bearmg a roughly 
mverse proportion to the dose, could be observed m 
the animals treated less drastically with the bacteri- 
cidal agent (0 1, 0 2 and 0 3 g siilphaguamdine for 
3 days) The latter ‘tyrosme’ values were, however, 
considerably lower than those found m the case of 
the anunals receivmg no sulphaguamdme The 
difference m the ‘tyrosme’ content and concen- 
tration between the animals dosed with the sulpha- 
guamdme and the other gumea pigs is even more 
marked m the case of the blood, hver, kidney and 
muscle All these differences could be explamed by 
an unpaired passage of the ‘tyrosme ’ mto the blood 
stream brought about by the consumption of the 
bactericidal agent 

This view was strengthened by further evidence 
In Table 3 are given the ‘ tyrosme ’ contents of (a) the 
mtestmal tract and faeces, (i>) the tissues, and (c) 
the urme of all the animals 3 hr (summarized from 
Table 2) and 24 hr after the administration of the 
dose of L-tyrosme It is seen that while the greater 
part of the ‘ tyrosme ’ m the tissues and large mtestme 
found 3 hr after the administration of the L tyrosme 
to the depleted gumea pigs was ehmmated by the 
kidney durmg the foUowmg 21 hr (169 out of 
219 mg ), only about one eighth was accounted for 
m the urme of the sulphaguamdme treated gumea 
pigs This fact taken m conjunction with the obser- 
vation that the tissues of these anunals, as men- 
tioned above, contamed httle or no ‘tyrosme ’ when 
compared with the tissues of the gumea pigs which 
did not receive sulphaguamdme, supports the view 
that the consumption of sulphaguamdme greatly 
impaired the passage of the ‘ tyrosme ’ mto the blood 
stream That some of these compounds did peiss mto 
the circulation is seen from the fact that the metm 
of the ‘tyrosme’ content of the urme values of the 
animals receivmg sulphaguamdme for 12—16 days 
was 24 7 + 16 6 mg (Table 3) This value was 
significantly higher than the mean we have pre- 
viously obtamed from a control group of 12 gumea 
pigs not receivmg L-tyrosme (6 3 + 4 Img ,t=3 96) 
Ikirthermore, we have found that, by the prolonged 
administration of l tyrosme to gumea pigs receivmg 
sulphaguamdme, ‘tyrosme ’ values reaohmg 60 mg / 
day could be attamed Therefore, although some of 
the ‘tyrosme* did enter the sjrstem, the best part of 
it seems to have disappeared from the gut, but at a 
very much slower rate than m the case of gumea 
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pigs receivmg cabbage ad Itb without sulphaguam- 
dme In the case of these animals only 67 9 mg of 
‘tyrosme’ out of the 600 mg of L-tyrosme received 
was present m the large mtestme and m the tissues 
3 hr after the administration of L tyrosme against 
1 64 mg present, entuely m the large mtestme, m the 
case of gumea pigs which received 100-300 mg of 
sulphaguamdme daily for 12-16 days After a 
further 21 hr not a trace was found m the mtestmea 
and tissues m the former group of animals, whilst m 
the latter 213 mg ‘ tyrosme ’ was stiU present m the 
mtestmal contents and m the faeces The evidence 
mdicates that the bactericidal agent had signifi- 
cantly diminis hed the mtestmal bacterial population 
which IS capable of attackmg the phenohc group m 
L tyrosme, and m consequence the phenohc group 
of the L-tyrosme or of the hydroxyphenyl degrada- 
tion products was destroyed to a smaUer extent 
durmg the first few hours than m the case of the 
animals on the same diet which did not receive 
sulphaguamdme 

DISCUSSION 

The evidence of this mvestigation leaves httle doubt 
that the accumulation of ^tyrosme’ m the largo 
mtestme 3 hr after the administration of l tyrosme 
m gumea pigs on a diet not contammg cabbage is due 
to the absence of l ascorbic acid per se and that the 
accumulation of ‘ tyrosme ’ m the gut of the depleted 
animals is pnmanly responsible for the mcomplete 
breakdown of the phenohc group m some of the 
animals receivmg a massive dose of L-tyrosme The 
reason why the administration of cabbage is more 
effective than l ascorbic acid m obviatmg the 
accumulation of ‘tyrosme’ m the large mtestme is 
not qmte clear, but m all probabfiity it is due to the 
greater protection of the L-asoorbic acid when the 
cabbage is passmg through the alkahne region of the 
small mtestme and to the gradual release of the vit^ 
min from the plant tissue It was further seen that 
a similar accumulation of ‘tyrosme’, but without 
the appearance m the urme of an excess of 
hydroxyphenyl compoimds, can be produced by the 
administration to gumea pigs of bactericidal agents 
such as sulphaguamdme, succmylsulphathiazole and 
phthalylsulphathiazole even when the animals con- 
sume cabbage adlib In order to obtam a clear under- 
standmg of the problem it is necessary to correlate 
the present results with those described by us m 
a previous commumcation (Pamter & Zilva, 1947) 
Tn the first mvestigation we demonstrated that 
when a high enough dose of l tyrosme was mjected 
m depleted gumea pigs mtrapentoneally as glycyl- 
L-tyrosme, 1 e when the concentration of L tyrosme 
mthebloodwasraisedto acertam cnticallevel, there 
was an mcrease m the amount of the total hydroxy- 
phenyl compounds ehrnmated by tlie kidney and 
p hyiroxyphenylpyruvic acid was excreted m the 
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urine at the same tune * The phenoho group m a part 
of the Jj tyrosine "vras, therefore, not broken doTOi m 
the system Very much higher doses of glycyl i.- 
tyrosme had to he mjeoted mto animals receivmg 
cabbage to bring about this mcomplete degradation 
of the L tjrrosme, evidently because of the much 
higher concentration of n ascorbic acid m the blood 
of these animals Itvrae, therefore, notimwarranted 
to assume that a critical concentration of ‘tyrosme’ 
m the blood, similar to that obtamed by mjection 
of high doses of glycyl L-tyrosme, could also be 
attained by permeation 6om the large intestme of 
depleted ginnea pigs The accumulation m the lower 
reaches of the mtestmal tract caused hy the absence 
of L ascorbic acid from the diet of these animals 
must, therefore, be considered prunanly responsible 
for the partial degradation of the phenohc group m 
the large dose of i, tyrosme The fate of the ‘tyro 
sme’ accumulated m the large mtestme of the 
gumea pigs which received cabbage and sulpha- 
guamdme was different It wQl ho recalled that the 
mtestmal tissues, blood, hver, kidney atnd muscle 
did not contam any appreciable quantities of ‘tyro- 
sme ’ , and that only about one eighth of the accumu- 
lated ‘tyrosme ’ was accounted for m the urme This 
strongly suggested that httle of these hydroxy- 
phenyl compounds entered the blood stream and 
that the highest concentration thus reached was 
below the critical concentration necessary to pro- 
duce an abnormal degrtidation of the compounds m 
question attamed m the depleted gumea pigs Con- 
sequently, no p hydroxyphenylpyruvio acid was 
formed under these conditions, not even when t- 
tyrosme was administered on several successive days 
Smce, however, the greater part of the accumulated 
‘tyrosme’ disappeared wuthm the next 21 hr (mde 
Table 3) it may be assumed that these compounds 
have been slowly destroyed m the mtestme, as com- 
pared with the animals which received cabbage with- 
out sulphaguanidme, especially as some ‘t^osme’ 
was, imder these circumstances, still present m the 
mtestmal contents and m the faeces We are, there- 
fore, faced with the following outetandmg facts 
(o) A qmok destruction of ‘tyrosme’ m the case of 
the gumea pigs receiving i. ascorbic acid, smce the 
amount present m the large mtestme after 3 hr was 
small, and although this entered freely mto the 
blood stream contammg ‘saturated values ’ of l- 
ascorhic acid it could not reach the critical concen- 

* In our description of the method of detenninataon of 
p hydroiyphenylpyrrmc aoid fPamter & ZilvB, 1947) we 
stated inadvertently that the solution of the compound m 
2 5% motaphosphono acid naed for the calibration curves 
was allowed to remam 30 mm. after being adjusted to 
pH 9 0 This should have read that the solution of p. 
hydroxyphenylpyruvio aad was adjusted to pH 9 0 
aUowed to remam for 30 mm., after which metaphosphorio 
acid was added so that the final concentration was 2 6% 
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tration above which the system was mcapable of 
metabohzang these compounds normally Only 3 % 
of the 0 6 g of L tyrosme was accounted for after 
24 hr , the remamder having been destroyed (b) A 
much slower destruction of the ‘tyrosme’ with a 
resultant accumulation m the large mtestme after 
3 hr m the case ofthe gumea pigs receiving cabbage 

and sulphaguamdme The bulk of this wbs slowly 
destroyed m the lower reaches of the intestme during 
the foUowmg 21 hr In this case 4-9 % of the con- 
sumed I, tyrosme was accounted for (Table 3), most 
of it being destroyed m the mtestme (c) A slow 
destruction of the ‘ tyrosme ’ m the depleted animals 
with an accumulation m the large mtestme In this 
case, however, the hydroxyphenyl compounds enter 
the circulation freely, and the concentration m the 
blood 18 such that m the presence of httle ascorbic 
acid the phenohc group cannot be degraded m all the 
‘tyrosme’, and at the same tune some phenohc 
compounds are produced which are evidently mter- 
mediate m the degradation of the L-tyrosme After 
24hr 41 %oftheL-tyro9mewasaccountedformthe 
urme as hydroxyphenyl compoimds (Table 3) 

If the possibility of a very rapid passage mto the 
blood stream is excluded, the evidence appears to 
justify the assumption that the L-tyrosme m the 
mtestoe of the gumea pig is normally qmokly 
destroyed by intestinal orgauisiDS and that the rate 
of this destruction can be slowed down to a considea'- 
able extent either by admmistermg bactericidal 
agents or by withholding l ascorbic aoiji from the 
diet In the former case the explanation is fairly 
clear, the bactericidal agent dimmishea the popu- 
lation of the mtestmal organisms including those 
destroying L tyrosme In the latter case other 
possibihtiesmayhavetobeconsidered Thepresence 
of L ascorbic acid may favour organisms, capable of 
attacking the phenoho group, which are suppressed 
m the absence of the vitamm The vitamm may even 
act as a necessary link m a cham of reactions con- 
cerned m this degradation The hteratore on the 
subject does not throw much hght on the problem 
The action of various organisms on L-ascorhio acid 
has been mvestigated hy several workers (Stepp & 
SohrSder, 1936, Kendall & Chum, 1938, Esselen & 
Fuller, 1939, Young & James, 1942, Young & 
Rettger, 1943) Certam strains of these organisms 
under the requisite conditions can oxidize L ascorbic 
acid, mostly beyond the reversible stage, but some, 
such as Escherichia colt, which is actually capahlfe of 
reducmg dehydro L ascorbic acid, can act m a pro- 
tective capacity Fortunately, aocordmg to Crece"- 
hus & Rettger (1943), the normal flora of the gmnea 
pig mtestme is relatively simple, consistmg mainly 
(about 80 %) of a non sporulating rod form of 
LactobaciUus The remamder of tbe flora is composed 
of yeasts and of soil and air bacteria The mvesti- 
gation of the action of these organisms on phenohc 

26-2 
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ammo acids m the presence and m the absence of 
L'ascorbic acid may supply information not only of 
fundamental theoretical mterest but also lead to 
therapeutic appbcations The observation that some 
bactericidal agents are capable of modiiymg under 
these abnormal conditions the passage of ‘tyrosme’ 
mto the blood stream is also of fundamental 
theoretical and practical mterest As was seen, this 
impairment of the passage was only partial, smce 
some of the hydroxyphenyl compounds have been 
shown to enter the blood stream It may also bo 
noted that the gumea pigs receivmg the bactericidal 
agent were found to be saturated m respect of n- 
ascorbic acid This problem requires further m- 
vesfigation 

SUMMARY 

1 Three hours after the administration of 0 6 g of 
L-tyrosme more hydroxyphenyl compounds were 
found m the large mtestme, particularly m the 
caecum, of gumea pigs which were depleted of L- 
ascorbio acid and m that of gumea pigs receivmg 
sulphaguemidme, succmylsulphathiazole or phthalyl- 
sulphathiazolo with cabbage ad hb than m gumea 
pigs receivmg vitamm C m the form of cabbage or 
L ascorbic acid m solution without the bactericidal 
agents 

2 A number of experiments are described m 
which the influence of the mode of administration 
and of the quantity of the added l Mcorbic acid was 
mvestigated, and it is concluded that L ascorbic acid 
as present m cabbage is more effective than as the 
synthetic compound m solution 

3 A great part of the hydroxyphenyl compounds 
present m the large mtestme of the depleted gumea 
pigs 3 hr after the a dminis tration of the l tyrosme 


1948 

was found m the urme of the ammals 21 hr later 
Only a small portion of these accumulated com- 
pounds was present m the urme of the gumea pigs 
receivmg cabbage ad hb and sulphaguamdme 

4 The concentrations of hydroxyphenyl com 
pounds m the waUs of the mtestme, the blood, the 
hver, the kidney and the muscle were much higher 
m the depleted animals and m the animals receivmg 
cabbage ad hb without sulphaguamdme than m 
the correspondmg tissues of ammals receivmg the 
bactericidal agent 

6 Excludmg a very rapid passage mto the blood 
stream, it may be assumed that the lower content of 
hydroxyphenyl compounds m the large mtestme of 
the animals receivmg cabbage ad hb or synthetic 
n ascorbic acid m solution without sulphaguamdme 
is due to the influence of the mtestmal bcictenal flora 
which IS modified by either the absence of n-ascorbic 
acid from or the presence of bactericidal agents m 
the diet of the gumea pigs In the first case, owmg to 
the free passage mto the circulation, the concen- 
tration m the blood reaches levels which are too high 
for these hydroxyphenyl compounds to he meta- 
bolized normally In the second case the unpaired 
passage mto the blood stream brought about by the 
conshmption of the bactericidal agents prevented 
the production of such a critical concentration of 
hydroxyphenyl compoimds m the circulation, and 
the greater part of these compounds was destroyed 
slowly durmg passage along the large mtestme 

6 The fundamental and practical potentiahties 
of these observations are stressed 

One of us (H.AP ) is indebted to the Medical Eesearch 
Council for a whole time grant Our thanks are due to Eoche 
Products, Ltd for n-ascorbic acid 
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Pipette for Use with the Van Slyke -Neill Manometric Apparatus 

By J C EATON, Biockemistry Depa^kment of the Royal Infirmary, and the 
Royal Infirmary Institute of Pathology, University of Glasgow 

{Received 23 February 1948) 


In the use of the Van Slyke Neill manometno 
apparatus, the accurate measurement of reagents 
mamtamed free from dissolved air is much facih- 
tated by use of the special pipette lUustrated (Eig-1 ) 
This pipette allows 60 ml reagent to be kept out 
of contact with air for an mdefhute period and for 
any required quantity to be accurately measured 
mto the apparatus without any possibihty of co mmg 
into contact with air 




Fig I Pipetto for use with the Van Slyke NeiU 
manometno apparatus 

Construction 

Tlie pipette is built round two 3 way stopcocks X 
and r, with branches at 120° and with an angle of 
120° in the boro so that any two branches may be 
connected Stopcock Y should have capillary bore 
connevions Bulb E and cup A. should have about 
60 ml capacity B is a calibrated tube, for most 
purposes a capacity of 2 ml x ^ is convement smce 
it IS unusual to measure greater volumes Of reagent 
into the chamber of the V an Slvke apparatus, but, 
if roquireil, the capacity of this tube may be greater 
The bottom of cup A should be approximately level 


with the zero mark on B and the top of E should be 
approximately level with the lowest graduation 
on B Tubes D, F and C should be of capillary 
bore throughout In those models of Van Slyke’s 
apparatus with a standard ground socket at the top 
of the reaction chamber, F should be fitted with a 
correspondmg standard cone , otherwise the tip of F 
is fitted with a piece of rubber as usual m the use of 
Ostwaid pipettes The pipette should be built as 
compactly as possible, otherwise the weight of 
mercury m A and E will be hable to fracture the^ 
tubmg If it is so built the apparatus is reasonably - 
sturdy, but a stand with three chps to support the - 
pipette when not m use is an advantage, especially 
if several pipettes are required 

y 

Operation 

Filling pipette (a) Filling with mercury To fill the 
pipette open X to connect AioE, and Y to connect 
O to F Pour mercury m through A until E is full 
and mercury flows from F Close X and Y and add 
about 16 ml more mercury to A Open X to connect 
A to B untd mercury reaches the zero mark m B, 
then close X Pour mercury mto D, open Y to 
connect D to F imtil mercury flo-ws from F 

(b) Introduclwrvof reagent Eree the reagent from 
air m the Van Slyke apparatus m the usual manner 
Place a small quantity of mercury m the cup above 
chamber O, insert the tip of F Raise the levelhng 
bulb of tbe Van Slyke apparatus to the upper rmg, 
open X to connect Oto F, open Y to connect F to O 
and X to connect EtoA The solution will flow mto 
E displacmg mercury mto A When aU'the reagent 
IS m the pipetto or the mercury is almost entirely 
driven from E, close X, Y and Z, remove the 
pipette, open Y to connect D to F bo that mercury 
fills the boro of F 

Addition of measured amount of reagent to the Van 
Slyke apparatus Place the tip of B m the cup above 
chamber O of the Van Slyke apparatus (the cup 
should contam a few drops of mercury) Open X to 
connect B to B and Y to connect O to F Turn Z 
slowly until the mercury m B mdicates that the 
required volume of reagent has entered chamber O 
Close X, open Y to connect D to F untd mercury 
flows mto Q, close Y and Z 



/ 


406 


J 0 EATON 


1948 


To Bet the pipette for use again, open X to connect 
A and B and allow mercury to rise to the zero mark 
m B 

It IS not usually necessary to empty the pipette 
If a different reagent is to be put mto it, the aqueous 
contents may be removed by placmg the pipette on 
the Van Slyke apparatus, opening X to connect A to 
B and T to connect O to F and drawmg them down 
mto 0 The flmd is then expelled from O to waste, 
and O refilled with water which is passed up mto 
the pipette, this process bemg repeated until the 
pipette IS clean Should it become necessary to 


empty mercury out of the pipette this is most 
convemently done by holdmg the pipette face 
downwards over a smtable wide contamer and 
withdrawmg the plug of cock X 

SUMMABY 


A special pipette is described for use with the 
Van Slyke manometnc apparatus It allows storage 
of reagents out of contact with air for mdefimte 
periods and measurement of any required quantity 


of reagent mto the manometnc apparatus without its 
commg mto contact with air 


Synthesis of Glutamic Acid m Animal Tissues * 

By H a BBEBS, L V EGGLESTON aud R ITEMS, The. Medical Research Council Unit 
for Research in Cell Metabolism, Department of Biochemistry, University of Sheffield 

(Received 26 February 1948) 


In earher experiments (Krebs & Henseleit, 1932) it 
was noted that shoes of rat hver, suspended m a 
salme medium containmg ammomum salts, often 
removed more ammoma from the medium than 
could be accounted for by the formation of urea The 
present work arose fi:om a study of the reactions 
other than the synthesis of urea, which cause a dis- 
appearance of ammoma m hver tissue 

EXPERIMENTAL 

AiuUyttcdl methods Urea was determined manometncaUy 
■with Ttreafle (Krebs & Henseleit, 1932, Krebs, 1942), NH, 
was steam distill ed in vacuo accordmg to Pamas and Heller, 
as described by Krebs (1936), and measured photo 
eleotnoally after nesslenzation Amino N was determmed 
■with Van Slyke’s (1929) manometnc mtrous acid method, 
after deproteuuzation ■with tnohloroaoetio acid and re 
moval of NH, Glntaimo aoid was determmed accordmg to 
Gale (1946) ■with the decarboxylase of Clostndium'ioelchii, 
strain S R 12 Snocimo and a ketoglutano acids were 
determined by the succmio dehydrogenase method (Blrebs 
& Eggleston, 1948 o), acetoaeetate ■with aniline citrate 
(Edson, 1936), and oxaloacetate ■with AIjlSO^), fKrebs & 
Eggleston, 1946) 

■Tissue preparations Homogenates were made m the glass 
apparatus of Potter & Elveh 3 em (1936), and m a similar 
metrument made from stamless steel The medium used for 
the dilution of ■the tissue was ‘phosphate salme ■without Ca’ 
(Krebs & Eggleston, 1940) or phosphate bioarbonate salme 
■without Ca Lower rates of reaction were found when Ca 
was present m physiological concentrations A medium 
Bimulatmg the lomo composition of hver cells (contammg 
6 mL of 0 iM-CaCl,, 18 mL of 0 In MgCl,, 16 mb of 0 lu 
KjHP 04 , 10 mL of 0 1m KH 4 PO 4 , 10 ml of 0 166m KCl 

• Prelmunary account. Nature, Land , 169, 808 (1947) 


and 41 mL of 0 166 m NaCl) gave rates of about 26 % and, 
when Ca was omitted, of about 90% of those m ‘phosphate 
sohne without Ca’ The homogenates were used as freshly 
as possible On storage their aotiwty, as measured by their 
capacity to form glntanuo acid, fell fairly rapidly, e g by 
c 60% when kept m the refrigerator for 24 hr 

Shoes were suspended m phoqihate salme or phosphate 
bicarbonate salme 

Adenosine triphosphate (ATP) Ba ATP (64 7 mg ) ■was 
dissolved m33ml ofOlN HCL Ba was precipitated by 
the addition of 0 1 ml of m Na,S 04 and the solution was 
neutralized ■with 0 16 mL of 2n NaOH Water was added to 
6 ml The precipitate ■was removed by filtration or centn 
fugation The solution contamed 0 02 m ATP 

Oensral The matenal was moubated m conical Warburg 
vessels The substrates were placed m the side arm and 
added to the tissue preparation at zero experimental time, 
usually when the manometers were attached to the ■water 
bath The temperature was 40° All substrate concen 
trations mentioned m the tables refer to the final concen 
trations m the medium In anaerobic experiments yellow P 
was plkced m 'the centre welL Quantities of metabohtes are 
expressed m pL and rates of metaboho processes m the 
usual Q values When homogenates were used the dry 
weight for calculatmg the Q values was assumed to be 30% 
of the fresh weight m the case of hver and 20 % m the case 
of bram cortex, kidney cortex or muscle 

To stop the metaboho processes m homogenates after 
a specified time the flasks were detached from their mano 
meters and 1 ml of 2 n HCl/4 mL suspension was added as 
quickly as possible H the analyses could not be earned out 
immediately the solutions were stored m the refingerator 
Of the acidified suspension usually 1 ml was used for the 
detennmation of glutamic acid, 1 ml for NH,, 3 ml for 
Bucomio acid. If a larger amount of material was required 
for further analyses, duphoate Warburg cups were set up 
and the contents were oombmed after completion of the 
moubation. 
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Homogenates often contamed significant amounts ofNHj, 
glutamic amd and otter metabolites Tbese imtial oonoen 
trations were determmed m a sample aoidified mth 2if HCl 
(0 26 voL) at the start of the experiment 

\ 

BESULTS 

Excess of ammonia consumption over urea forma 
tion Examples shomug the quantities of ammonia 
removed by rat hver slices m relation to urea 
formation are shown m Table 1 The amount which 
cannot be accounted for by the urea formation vaned 
with the presence of other substrates and was of the 
same order of magmtude as those converted mto 
urea In these expenmenta no omithme or citrulhne 
was added. In the presence of these substances the 
excess of ammoma consumption over urea formation 
was usually small 


rat hver was only a small fraction, usually less than 
10 % , of the rate observed m shoes, unless omithme 
or citrulhne was added For example, Qm, waa 7 1 
m shoes and 0 26 m homogenized rat hver (substrate 
0 OlM ammomum chloride) Similar resulte have 
been reported by Cohen & Hayano (1946) Homo 
genates, however, utdize ammonia if suitable sub- 
strates are present (Table 2) Of the substrates 
tested tt ketoglutarate had the greatest effect on the 
utilization of ammoma, citrate was shghtly less 
effective, pyruvate and oxaloacetate stdl less No 
appreciable effects were found with fumarate, lactate, 
glucose and acetoacetate With a ketoglutarate the 
rate observed m this experiment was of the same 
order as m shoes 

Effect of tissue dilution In the preoedmg experi- 
ments 1 part of the tissue was diluted with medium 
to about 7 parts of suspension Dilution to 16 parts 


Table 1 Urea formation and ammonia consumption in rat-liver slices 


Substrates 

None 

NHjCl (0-005M) 
+i,-lactate (0-02 u) 

■f pyruvate {(H)2u) 

+ oxaloacetate (0 02 m) 
+gluco6e (0 02 m) 


(Sbces suspended m 4 mL phosphate saline Incubation 1 hr ) 

Amount of NHj (fd ) 

A 


Tissue 

(mg) 

Urea 

(fJ) 

Qorefc 

NH, 

left 

(fd) 

NH, 

removed 

w 

ChHj 

Aocounted 
for by 
urea 

Not 

aocounted 
for by urea 

12 60 

13 

103 

Nil 

Nil 

0 

— 

— 

13 30 

63 

3 08 

260 

-180 

-13 62 

80 

100 

g66 

36 6 

410 

358 

- 72 

- 8 32 

46 

27 

8 50 


400 

328 

-102 

-12-00 

42 

60 

13 80 

57 

413 

260 

-180 

-13 04 

88 

92 

H 80 

67 

484 

285 

-145 

-12 29 

88 

67 


Table 2 Bemoval of ammonia in 
rat liver homogenate 

(One pdrt of hver homogenized with 4 parts of phosphate 
bicarbonate saline, 3 ml diluted with 1 ml. of substrate 
solution or sahne, 6% C0„ 95% Oj, 40°, moubation 
20 mm , concentration of other substrates 0 01 u, NH^Cl 
added, 430 pi , NHjCl found m suspension at start, 63 pi.) 


Substrate added 

NH, 

Change 


(in addition 

found 

m NH, 


toNH«a) 

W 

(M.) 


a Ketoglutarate 

116 

-377 

-6^3 

Citrate 

266 

-227 

-3 8 

Pyruvate 

318 

-176 

-29 

L- Lactate 

482 

- 11 

-0 2 

Acetoacetate 

469 

- 24 

-0 4 

Fumarate 

486 

- 7 

-O'! 

Glucose 

612 

+ 19 

+0*3 

Oxaloacetate 

395 

- 98 

-1 6 

None 

612 

-t- 19 

+03 


Ammonia utilization in liver homogenates It was 
thought advantageous for the present purpose to 
work under conditions m which the urea synthesis 
was suppressed whilst other reactions mvolvmg the 
utilization of ammoma still proceeded This object 
was largely realized by the use of homogenized hver 
After homogenization the rate of urea synthesis in 


decreased the mititil rate of ammoma removal m 
proportion to the tissue concentration, m other 
words Qjfgj remamed constant In the subsequent 
experiments a final tissue concentration of 1 part of 
tissue m 9 parts of medium was used unless other- 
wise stated ' 

Effect of oxygen and of saline media Bat hver 
homogenates, m the presence of a ketoglutarate, also 
remove ammoma anaerobically The data m Table 3 
show that the anaerobic rate can even be higher, by 
about 16 % , than the aerobic rate The presence of 
biporbonate and carbon dioxide, which is of im 
portauce for the formation of urea, did not affect 
the rate of the reaction responsible for the removal 
of ammoma m the present experiment 

Smce anaerobic conditions reduce the number of 
reactions that occur m tissue preparations, and thus 
Simplify the mterpretation of results, the majonty 
of the foUowmg experiments were carried out 
anaerobically 

Formation of glutamic acid Determmations of 
ammo N m the solutions of the experiment recorded 
m Table 2 showed an mcrease m ammo N approxi- 
mately eqmvalent to the loss of ammoma The fact 
that a ketoglutarate was the most effective sub- 
strate m removmg ammoma and formmg ammo N 
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Table 3 Aerobic and anaerobic removal of ZSTHj in the presence of a Leioglutarate in rat liver homogenate 

(One part of liver homogenized with 4 6 parts of salme, each cup contamed 3 ml of homogenate and 1 ml of additional 
solution (substrate or salme) Incubation 30 mm The homogenate contamed 00 pL NH3 per cup fiem mtemal sources 
at the start of the experiment The data refer to 4 ml of snqiension } 

Medium Phosphate salme Phosphate bicarbonate salme 

r ^ * . 


Gas Oj 

A— 


NH4CI added (pi ) 

0 

914 

a-Ketoglutarate added (pi ) 

0 

1702 

NH, found after mcubation (pL) 

71 

204 

Change m NH, (pL) 

-19 

-660 

Same corrected for suspension ■without 


-631 

added NH4CI 





-7 


suggested that the reaction under investigation was 
the reductive animation of a ketoglutarate, and the 
solutions were therefore tested for glutamic acid 
by Gale’s (1946) method It ■will be seen from 
Table 4 that the quantities of ammoma removed and 

Table 4 Formation of glutamic acid 
in rat-liver homogenate 


(One part of hver, 9 6 parts of phosphate salme, Nj, 40°, 
40 mm mcubation. The corrected values ivere obtamed by 
deducting the values found m the absence of substrate ) 


Substrates added 


a Ketoglutarate 
(OOlM) 
NH4CI 

(final concentration) 

None 

(0 01 M) 

NHj change (pi ) (observed) 

+46 

-318 

(corrected) 

— 

-303 

Glutamic acid (pL) (formed) 

+ 40 

+ 395 

(corrected) 

— 

+ 355 


glutamic acid formed agree -withm the limits of error 
if corrections are made for changes m the tissue 
•which occur ■without the addition of substrates 
Other examples aho'wmg this agreement are found 
m Tables 6 and 6 , m some experiments the formation 
of glutamic acid ■was rather smaller than the removal 
of a mm onia 



N. 

A 

6%CO,mOi 

6% CO, 

m N, 

0 

014 

f 

0 

914 

1 ^ 

0 

914' 

0 

1792 

0 

1792- 

0 

1792 

124 

242 

102 

322 

160 

276 

+34 

-078 

+ 12 

-692 

+60 

-638 


-712 


-604 


-698 


-87 


-74 


-8. 


Formation of succinic acid The reductive amma 
tion of a -ketoglutarate is necessarily coupled ■with 
an eqmvalent oxidative process Prenous obser 
vations m this laboratory (Krebs & Cohen, 1939) 
suggested that the oxidative decarboxylation of 
a-ketoglutarate might be the eqmvalent reaction 
The experimental data recorded m Table 6 show 


Tabled Anaerobic formation of succinic acid ' 


(Conditions ns m Table 4.) 

a Keto- 

Substrates added 

None 

glutarate 

(0-01 M) 

NH4CI 

(OOlM) 

NHj change (pL) (observed) 

+68 

-322 

(corrected) 

— 

■1380 

Glutamic acid found (pi ) (observed) 

' +84 

+416 

(corrected) 

— 

+331 

Sucomic acid found (pi ) (observed) 

+ 18 

+ 394 

(corrected) 

— 

+ 376 

that this is essentially true the yields 

/ 

of glutamic 


and Buccmio acids and the amoun'ts of ammoma used 
m this experiment are roughly m accordance ■with 
the equation 

2 a Ketoglutarate -l-NH, 

- glutamic acid -I- succinate CO j (1) 


Table 6 Comparison of changes in NH3, glutamic acid and succinic acid in liver homogenates 
(Final tissue concentration 10%, a ketoglutarate and NH 4 CIO 01m, ‘blank* refers to tissue incubated without substrate ) 



Period of 



Glutamic 

Sucomic 


mcubation 


NH, 

acid 

acid 

Species 

(min.) 


W 

(/J) 

. (pL) 

Gumea pig 

40 

Blank 

+ 42 

+ 95 

+ 36 



With substrates 

-287 

+ 376 

+ 222 



Data corrected for blank 

-320 

+ 280 

+ 187 

Gumea pig 

40 

Blank 

+ 37 

+ 93 

+ 20 



With substrates 

-336 

+ 430 

+ 398 



Data corrected for blank 

-373 

+ 337 

+378 

Rat 

60 

Blank 

+ 106 

+ 65 

+ 16 



With substrates 

-236 

+ 305 

+205 



Data corrected for blank 

-342 

+ 240 

+ 190 

Rat 

20 

Blank 

+ 21 

+ 17 

0 



With substrates 

-363 

+ 253 

136 



Data corrected for blank 

-374 

+236 

136 
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In other experiments, however, the yield of succinnto 
■was lo-w -and the disappearance of ammonia high 
(Table 6) Tlie former observation nas taken to 
mdicate that other oxidative reactions can bo 
coupled mth the synthesis of glutamic acid, the 
latter suggests that additional reactions causmg the 
removal of ammoma occur m liver homogenates 
E^ffects of tanous metabolites on the synthesis of 
glutamic acid In order to find the other reactions 
■which might be coupled ■with the synthesis of 
glutamic acid, i anous substrates ■were added together 
■with a ketoglutarate and ammomum chlondo imdor 
anaerobic conditions No definite effects on the 
yield and rate of formation of glutamic acid -wore 
foimd ■with glucose, glycogen, glucose 1 phosphate, 
acetate, crotonate, acetoocetate, glycerol, a glj cero 
phosphate, ethanol, stearate and cholmo Three sots 
of substances (Table 7 ) ( (a ) citrate and the t-w o related 
tnearboxyhe acids, {b) hydro'cybutyrate, (c)fuma 
rate and n-malate ) mcreased the rate of glutamic acid 
synthesis as ■well as the final jnold, 'wluch is 60 % 
of the added a ketoglutarate if reaction (1) is the 
only mechanism leadmg to glutamic acid Jfajor 
inhibitions of both glutamic acid smthesis and 
ammoma consumption ■were found ■with l lactate 
and hexosediphosphate (Table 8) Acetate and 
butyrate caused shght inhibitions m some e-vpon 
ments l Alanmemoreased,andpjTUvatodocrea8ed, 
the yield of glutamic acid owmg to transammation 
Examplesshowmgtheeffectsofcitrate,^ hydroxy- 
butyrate and fiimarate m gumea-pig hvor aro given 
m Table 7 In this experiment, as m all sundar ones. 


citrate had the greatest effect It mcroosod the 
removal of ammonia and the formation of glutamic 
acid almost oqiiallj -without appreciably affecting 
the formation of sucemato Tho sum of the a koto- 
glutarato, sucemato and glutamate found exceeded 
by 440 pi tho amount of a ketoglutarate added 
This can bo o-xplamcd by tho assumption that citrate 
was converted into a-ketoglutarato under tho con- 
ditions of tho o'xponment Tho yields and tho calcu- 
lations concommg tho o-vido reduction balance aro 
m agreement with tho now that tho roductno 
nmination of a ketoglutarate (found 782 pi ) was 
coupled -wnth tho following two o-xidati\o reactions 

Citrate -v a ketoglutarate (found 440 pi ) 

a Ketoglutarate sucemato (found 360 pi ) 

Tho effect of j9 hydroxy butyrate was much smaUor 
than that of citrate but u as also definite Tho yield of 
glutamate, which m tho absence of added substrate 
docs not exceed 60 % of tho a ketoglutarate (as 
o-xpected from equation 1), reached 60 %, nhilo tho 
yield of succinate shoiicd a shght decrease Tho 
presence of acotoacotate m tho solution mdicatcs 
that the additional ovidatii o reaction coupled ■with 
tho glutamate formation was tho oxidation of j3- 
hydroxy butjTato to acotoacotate 

In tho case of fumarato tho yield of glutamate 
also oxceodod 60%, it was 04% Tho fact that 
oxaloacotato appeared indicates that tho reaction 
fumarato ->■ oxaloacotato n ns m this cose one of tho 
oxidatn o oqui\ alonts of tho glutamate formation 
That tho amount of oxaloncetato found was re 


Table 7 Effect of citrate, § hydroxyhutyratc and fumaratc on the synthesis of glutamic acid 

in guinca-pig hver homogenate 


(General conditions as m Table 0, incnbntion 40 mm., substrate concentrations nil 0 01 n except dl p hi droxybntyrato 
which was 0-02ii. Controls showed that in tho absence of a kotoglutarato and NH^Cl citrate yielded no a ketoglutarate, 
p hydroxy butyrate no acetoacetate and fumarate no oxaloacctatc ) ’ 


Substrates added 


KHj (jiL) change 
Corrected 

Glutamic acid formed (/d ) 

Corrected 

Sneemate formed (pL) 

Corrected 

Acetoacetate formed (pi ) 
Oxaloacetate formed (pL) 
a Ketoglutarate found (pi ) 
o Ketoglutarate added (pL) 

Sum of a ketoglutarate, succinate and 
glutamic acid recovered (corrected) 
Ondo reduction balance 



a Keto 

a Keto 
glntarate, 

Kone 

glutaratc. 

NH<C1, 

NH.Cl 

citrate 

-1-37 

-330 

-764 


' -373 

-791 

+ 03 

-t430 

+ 876 


-t337 

+ 782 

+20 

+398 

+ 370 


+ 378 

+ 350 

0 

0 

0 

0 

0 

0 

0 

104 

204 

0 

896 

896 


819 

1336 


a Keto 


glutaratc. 

a Keto 

NHjCl, 

glutaratc. 

DL p hy droxy 

NH«a, 

Dutyrote 

fumarate 

-496 

-612 

-533 

-649 

+ 000 

+ 603 

+ 607 

+ 670 

+ 380 

+438 

+ 360 

+418- 

. +210 

0 

0 

+ 38 

49 

0 

896 

890 

916 

988 


Reductions 

Formation of glutamic acid 
Oxidations 

Formation of succinate 
Formation of acetoacetate or 
oxaloacetate 

Formation of a ketoglutarate 


337 

378 


782 

607 


570 

350-1 

360' 


418 

[790 

1 

210 J 

^670 

38. 

44oJ 
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latively small is not unexpected because of its rapid 
secondary reactions Some oxaloacetate must have 
reacted witb glutamate by transammation, hence 
the amount of glutamate found was smaller than 
that of the ammoma removed Another fraction of 
oxaloacetate probably reacted to form the tn- 
carboxyhc acids, a-ketoglutarate andmalate (Krebs, 
Eggleston, EdemzeUer & Sm 5 rth, 1940), hence the 
sum of a-ketoglutarate and succmate exceeded the 
amount of a-ketoglutarate added In aU experi- 
ments on gumea pig hver the effect of fumarate was 
of a Similar magmtude, m rat hver the effect was 
smaller, but also marked 

The effects of citrate, j3 hydroxybutjoate and 
fumarate suggest that the reductive arm nation of 
a ketoglutarate cEtn be coupled with four different 
oxidative reactions (a) a ketoglutarate -y succmate, 
(b) iBocitrate -> a-ketoglutarate, (c) ^-hydroxy- 
butyrate acetoacetate, (d) fumarate (or n malate) 
-> oxaloacetate 

Examples of the inhibitory effect of lactate, 
hexosediphosphate, acetate and butyrate are given 
m Table 8 The inhibition of glutamic eicid formation 
by 0 0 1 M-L laqtate m gumea-pig hver was 7 3 % The 
uihibition of the ammoma uptake was of the same 
order No explanation for the mechanism of this 
inhibition can bo offered 


Effect of adenostnetnplwsphate If the expen 
mental ponods were short (less than 10 mm ) and 
the tissue concentrations m the homogenate high 
(10 % or more), addition of ATP had httle or no ^ 
effect on the rate of glutamic acid synthesis In 
longer experiments with more dilute su^ensions, 
ATP had definite effects m that it delayed the 
dechne m the rate These effects were larger if 
sodium fluonde, which inhibits the hydrolysis of 
ATP, was also present (see Table 9) The effectsmay 
be taken to mdicate that ATP is a component of the 
system responsible for the synthesis of glutamic acid 
Effect of substrate concentration As Table 9 m 
dicates, the rate of glutamic acid synthesis m homo 
genates falls qmckly with tune In further expen- 
ments, designed to measure the mitial rates, a short 
mcubation period of 10 mm was therefore chosen 
When the concentration of a-ketoglutarate was 
varied between 0 005 and 0 04m, the highest rates 
were found at 0 02 m Variations of the concen 
tration of ammomum ohlonde between 0 05 and 
0 02 m, with a concentration of a-ketoglutarate of 
0 02m, had no effect on the rates 

Rate of glutamic acid synthesis in homogenates and 
slices of various tissues Table 10 compares the rates 
of the synthesis of glutamic acid m homogenates 
with those m shoes of hver and kidney In the case 


Table 8 Inhibition of glutamic acid synthesis by lactate and other substances in liver homogenates 


(Conoentratioii of a ketoglutarate and NK4CI, 0 Olu, N|, data refer to 4 ml ) 



Penod of 


Glutamio 

NH, 


mcubation 


acid found 

removed 

Species 

(mm.) 

Additional substrates 

(fJ-) 

w 

Hat 

20 

— 

237 

376 



L-Laotate, 0 02 m 

68 

88 



Na acetate, 0 01m 

180 

166 

Gumea pig 

16 

— 

201 

— 



n-Lactate, 0 01m 

66 




Hexosediphosphate, 0 01 M 

33 

— 



Na butyrate, 0 01 m 

160 



Table 9 Effects of adenosine triphosphate and NaF on the rate of gliUamic acid synthesis 

in rat liver homogenates 


(Medium phosphate saline, 40°, Nj, 0 02ir-a ketoglutarate, O-Olu NH,CL The imtial values for glutamio amd in the 
homogenates have been deducted ) 


Tissue 

concentration 
No (%) 

1 10 


‘ 2 6 


Additional substrates added 
None 

ATP, 0 001m 
N aF, 0 02 m 

ATP, O OOlM, NaF, 0-02 m 


None 

ATP, 0 001 M 
NaF, 0 02m 

ATP, 0 OOlM, NaF, 0 02m 


Glutamic acid formed (pL) 

f 


10 min. 

20 mm. 

266 

263 

277 

296 

223 

273 

281 

368 

16 mm. 

30 mm 

99 

126 

141 

166 

78 

101 

126 

206 
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Table 10 Compartson of the rates of glulamtc 
acid synthesis tn homogenates and tn shoes 

(Data for homogenates and slices given m tho same 
horizontal hie refer to the same tissue except whore an 
asterisk is added, 0-02m a kotoglutarate, OOlsiNHiCl 
Incubation period for homogenates 10 mm , Nj ) 

Shoes 


reported for homogenates was also found in slices 
In the liver and kidney of sheep and rats citrate 
approximately doubled tho rate of synthesis, in 
homogenates tho mcrooso was usually about 60 % 
Tlio liighost rates of glutamic acid synthesis m tho 
presence of citrate wore, in terms of C^aUmio »tw> ^ 
pigeon liver and 20 m rat hvor 


Tissue 

Idver, rat 
Inver, rat 
Inver, rat 
Inver, rat 
Inver, gumea pig 
Inver, sheep 
Inver, pigeon 
Liver, pigeon 

Kidney cortex, rat 
Kidney cortex, rat 
Kidney cortex, rat 

Kidney cortex, sheep 
Kidney cortex, sheep 


f 

Period of 
Homogenato mcubation 
^cioumioadd (min) 

^ 

Q elaUzQlo a£]d 

12 8 

20 

1 0 

12 3 

20 

2 0 * 

03 

30 

4 8 * 

10 5 

30 

41* 

98 

20 

45 

33 

15 

10 

16 5 

30 

2 7* 

17 0 

— 

— 

71 

30 

4 7* 

2-0 

30 

2 7* 

52 

— 

— 

33 

16 

32 

42 

16 

26 


of homogenates the values given are corrected for 
the imtial amount of glutarmo acid, and with sbeos 
for the amount of glutamic acid found on mcubation 
without addition of substrates It will be seen that 
m rathver homogenates was between 

9 3 and 12 8, against 1 0-4 8 m shoes For the hvers 
of the gumea pig, sheep and pigeon the rates were 
hkowise much greater m homogenates 0 n the other 
hand, the differences between shced ond homo 
gomzed material were small m kidney cortex of the 
rat and sheep 

In shces the rate of glutamic acid synthesis m- 
creased with time, m contrast to tho fall tliat 
occurred m homogenates Examples are given m 
Table 11 Tbe accelerating effect of citrate already 


Table 11 Time course of glutamic acid synthesis 
tn sliced tissue 

(0 02 m a kotoglutamto, 0 OlM NH 4 CI, Nj ) 
Tissue Timo of mcubation <?,inuraii> 


Liver, sheep First 16 mm 1 0 

Second 15 min 2‘1 

Kidncj , sheep First 16 mm 3 2 

Second 16 mm 0 6 

>> 


In brain, minced lionrt muscle and pigeon breast 
muscle, small but measurable quantities of glutarmc 
acid woro alw ays foimd on mcubation with a koto 
glutarate and ammomum chloride Addition of 
citrate usually caused a considorablo mcroase 
(Table 12) Noghgiblo rates ($t,awc »cid < 1) were 
found m sheep spleen and gumea pig lung 

Synthesis of glutamic acid in relation to the removal 
of ammonia in sliced liver TJio question arises 
whether tho sjmthesis of glutarmc acid is one of the 
reactions other than urea synthesis causing a dis- 
appearance of ammoma in liver shces To tost this, 
hver slices were shaken aerobically imder conditions 
similar to those stated m Table 1, and the amounts 
of ammoma romov od, and of urea and glutamic acid 
formed, wore measured (Table 13) Only a small 
proportion of tho ammoma removed which was not 
accounted for by the formation of urea was recovered 
as glutamic acid Tho proportion of tlie latter was 
largest when citrate was tho substrate, but even m 
this cose amounted to only 23’% of the missmg 
mtrogon There was no formation of glutarmne under 


Table 12 Rate of glutamic acid synthesis in various tissues 


(0 02M-a ketoglutorate, OOlii NH,a, 0 Olsi-oitmte, Nj ) 


Tissue 

Brain cortex, shced, sheep 
Brain cortex, shced, guinea pig 
Brain cortex, shoed, guinea pig 
Bran^ cortex, shced, pigeon 
Brain, minced, sheep 
Keart, minced, sheep 
Striated muscle, mmced, pigeon 


Substrates odded 
a Ketoglutorate, NH^Cl 
a Ketoglutorate, NH,C1, oitrote 
a Ketoglutarato, NH4CI 
a Keto^utorate, NHjCa, citrate 
a Ketoglutorate. NH4CI 
a Ketoglutorate, NH4CI, citrate 
a Ketoglutorate. NH4CI 
a Ketoglutorate, NHiCl, citrate 
a Ketoglutorate, NH4CI 
a Ketoglutorate, NHiCl, citrate 
a Ketoglutorate, NH4CI 
a Ketoglutorate, NSfJl, citrate 
a Ketoglutorate, NH^a 
a Ketoglutorate, citrate 


|Period of 


mcubation 


(mm.) 

^glnUunlo 

30 

0-8 

30 

16 

30 

09 

30 

23 

30 

13 

30 

48 

30 

10 

30 

14 

20 ' 

0-4 

20 . 

04 

20 

14 

20 

36 

20 

16 

20 

18 
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Table 13 Formation of glutamic acid in rat liver slices in tlie presence of NH^Cl and other substrates 

(Phosphate saline, Oj The data refer to 30 mg (dry) tissue suspended m 4 ml of sahne, and are corrected for amounts 
fonned by tissue mthout added substrate, concentration of NH*C1, 0 005 si, of other substrates, 0 Olsi ) 


Exp no 

Substrates added 

Period of 
mcubation 
(min ) 

NHj 

removed \ 
(td.) 

NHj removed 
not accounted 
for by urea 

Glutamic 

acid 

found 

w 

1 

NH.Cl 

00 

167 

161 

27 

2 

NH 4 CI 

00 

96 

71 

0 


NHjCl, citrate 

90 

61 

43 

10 


NHiCl, glucose 
NH 4 CI, fiunarate 

90 

9 

9 

0 


90 

0 

0 

0 


Table 14 Removal of glutamic acid by rat liver slices 

(l*bosphate sahne, Oj, The data refer to 40 mg (dry) tisane suspended in 4 ml, phosphate sahne, and are corrected for 
amounts formed by tissue without added substrate ) 


Exp no 

Substrates added 

Penod of 
mcubation 
(min.) 

Glutamic 

acid 

removed 

(fffi) 

Urea+NHj 
formed 
(as NHj) 

(fJ) 

1 

L-Qlutamate, 0 Olu 

60 

172 

6 


li Glutamate, 0 Olir, NH 4 CI, 0 005m 

60 

161 

61 

2 

i^Glutamate, 0 006 m 

90 

93 

19 


L Glutamate, 0 005 m, NH 4 CI, 0 006m 

90 

93 

40 

3 

L Glutamate, 0 005 m 

90 

140 

65 

4 

L-Glutamate, 0 005 m 

90 

74 

34 


the conditions of the expenmente For the mter- 
pretation of tins result it is of importance, ho-wever, 
that hver tissue is capable of removing considerable 
quantities of glutamic acid without formmg eqm 
valent quantities of urea or ammoma, as is shown m 
Table 1 4 Accumulation m the shoes did not account 
for an appreciable amount of the glutamic acid 
removed from the medium The non appearance of 
glutamic acid is therefore no proof of its non- 
formation Glutamic acid may be used up m 
secondary reactions, and it is therefore possible that 
the synthesis of glutamic acid accounts for a greater 
proportion of the mis sing mtrogen than the data m 
Table 13 suggest 

DISCUSSION 

The occurrence of a synthesis of glutanuc acid m 
animal tissues was first recorded by Euler, Adler, 
Gunther & Das (1938) and Dewan (1938) The mam 
new contribution of the present work is the measure 
ment of the rate of this reaction imder varymg con- 
ditions, and the observation that the reductive 
ammation of a-ketoglutarate can be coupled with the 
reaction l malate oxaloacetate, as an alternative 
to the three reactions a ketoglutarate -)■ succmate - 1 - 
CO 2 (Krebs & Cohen, 1939), isocitrate a-keto- 
glutarate -)- CO 2 (Adler, Euler, Gunther & Plass, 
1939), and 8 hydroxybutyrate -> acetoacetate 
(Dewan, 1938) 

Physiological significance of the synthesis of 
glutamic acid There are many mdications that 
glutamic acidhasaspecial function m the me tab ohsm 


of various cells, though so far httle information is 
available on this pomt The rapid synthesis of 
glutanuc acid m hver may serve partly to supply the 
requirements of this acid for the whole body, but 
the major part probably reacts by ‘transirmnation 
accordmg to Cohen & Hayano G946), and is thus 
a link m urea synthesis The rates of transinunation 
and of glutanuc acid synthesis are of the same order 
and sufficient to account for the formation of urea, 
the highest value for Q.,^ observed m rat liver 
bemg about 20 (Krebs & Henseleit, 1932) and for 
Cginwcdd about 20 The stage citrulhne -f NH 3 -i- 
arguune of the ormthme cycle can therefore be 
resolved mto the two stages 

a-Ketoglutarate + NH, ->■ glutamic acid ( 1 ) 

Glutamic acid + citrulhne -»■ argmme (2) 

It has always been obvious that the synt)iesis of 
urea tlirough the ormthme cycle, bemg an ender- 
gomo process, must be coupled with exergomo 
reactions, but no information on the nature of the 
exergomc reactions was previously avadable It is 
now clear that the oxidative reactions wluch are 
coupled with the ammation of a-ketoglutarate are 
components of the system of exergomc reactions 
Bupplymg the energy for the synthesis of urea 
Several facts mdicate that reaction (2) is a com- 
plex process It requires the presence of oxygen 
(Borsook & Dubnoff, 1941) and is inhibited by low 
concentrations (0 006 m) of malonate (Cohen & 
Hayano, 1946) The malonate mhibition is abolished 
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by fumarate (Fahrlnnder, Favarger, NiolBon A 
Leutbardt, 1947) Tlufl effect of fiunarate is a 
catalytic one , under suitable conditions one molooulo 
of fumarate (or l malate) can cause the formation of 
many more than five molecules of argmmo (Krebs &, 
Eggleston, 1948b) Ratner (1947) suggests that 
reaction (2) consists of two stages 

Glutamic acid + ovaloacetate ->■ aspartic acid + 
a ketoglutarate 

Aspartic acid + citruUme ->■ n malate + argmine 

Whilst the effect of fumarate on the malonate m 
bibition would be explained by this scheme it is 
difficult to account for the followmg four observa- 
tions on rat liver homogenates (Krebs &, Eggleston, 
19486) 

(1) Aspartate and citruUme yield argmmo very 
slowly if the conditions are anaerobic, the rate bemg 
leas than 6% of that observed aerobically with 
glutamate and citruUme 

(2) AerobicaUy, glutamate and citruUme react 

about five tunes faster to yield argmme than aspar- 
tate -h CitruUme •. 

(3) Aspartate removes the malonate inhibition of 
reaction (2) less effectively than fumarate, the 
restoration bemg 60% with 0 006m aspartate 
agamst 100% with 0 006M-fumarate 

(4) Malonate (0 006m) completely abolishes the 
mteraotion between aspartate and citruUme m 
oxygen, glutamate or a ketoglutarate restores the 
capacity of hver homogenates to form argmme 

Differences between sliced and honwgenwed material 
It would not be surpnsmg to find that the rate of 
metabohc processes takmg place m shces of animal 
tissues IB greatly reduced, even to zero, by homo- 
genization of the tissue, but it is somewhat un- 
expected to observe the reverse, i e a rapid rate m 
homogenates agamst an almost neghgible rate m 
shces The first to report such a phenomenon were 
Cohen & Hayano (1946) workmg on transimmation 
m rat hver The present observations on the re- 
ductive animation of a ketoglutarate m sliced and 
homogenized rat material are m general sirmlar to 
those on transunmation In both cases there is no 
major difference m shced and homogemzed kidney, 
whilst m rat hver the rates m homogenates are about 
three to fifteen tunes greater than m slices To 
explam the relatively low rate of reaction m hver 
shoes one may assume that either the enzyme 
systems concerned are largely mactive m the mtaot 
ceU, owmg to the jiresence of mtracellular inhibitors, 
or that permeabihty barriers prevent the access of 
the substrates to the enzymes "Whatever the ex- 
planation of the phenomenon it is clear that major 
differences exist m the behaviour of kidney and hver 
cells 


SUMMARY 

% 

1 A search has boon made for reactions, other 
than urea synthesis, causing a disappearance of 
added ammonia m isolated hv'or preparations 
Homogomzation of hver vv as found to abolish, under 
certain conditions, the conversion of ammonia into 
urea, whilst ammonia was still removed when 
pyruv'ato, oxaloacotato, a ketoglutarate, or citrate 
wore added The main reaction responsible for the 
removal of ammonia in homogenates, on addition of 
the abov'o substrates, was found to bo the synthesis of 
glutamic acid 

2 The synthesis of glutamic acid m the presence 
of a ketoglutarate and ammonia occurred both 
anaerobically and aerobically, the anaerobic rates 
being somewhat higher than the aerobic rates 

3 The reductive amination of a ketoglutarate by 
hver can bo coupled with the following four oxidativ o 
reactions u ketoglutarate succinate -f- CO. (ICrebs 

Cohen, 1030), isocitrato -y a. ketoglutarate -b COo 
(Adler a al 1939) , p hydroxj'butyrato -y aceto 
acetate (Dewan, 1938), n malate -y oxaloacetate 
(not recorded previously) 

4 I, Lactate and hevosediphosphate, and to a less 
extent acetate and butyrate, inhibited the formation 
of glutamic acid from a ketoglutarate and ammonia 

6 Adenosine tnphosphate delayed the fall in the 
rate of glutamic acid synthesis winch occurred m 
homogenates when the experimental period ex- 
ceeded 10 min 

6 The rate of glutamic acid synthesis m hv'er 
homogenates was tlireo to fifteen times greater than 
in hver shces In kidney cortex the differences m the 
rates observed in homogemzed and sliced material 
were small 

7 The highest recorded rates of glutamic acid 
synthesis, in terms of Q nauaj:, uidy ■"'®re 20 for rat 
hver, 27 for pigeon liver, 8 for kidney cortex (sheep, 
rat), 6 for bram cortex, 3 for heart muscle, 2 for 
pigeon breast muscle, < 1 for spleen and lung 

8 Glutamic acid was removed by hver shces 
without forming ammoma or urea, an mdication of 
the occurrence of unknown reactions m which 
glutamic acid is utilized- 

9 The synthesis of glutamic acid is responsible 
for a part, but probably not for the whole, of the 
ammoma which is removed by hver shces and not 
accounted for by urea formation 

10 The physiological significance of the synthesis 
of glutamic acid is discussed One of the reactions 
for which glutaimc acid is required m hver tissue is 
presumably the conversion of citrulhne mto argmme 
m the course of the sjmthesis of urea (Cohen & 
Hayano, 1946) 
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The Determination of Quinme Degradation Product in Blood, 
and its Absorption in the Chick 

By P B MARSHALL and E W ROGERS 
The WeUcome Laboraiones of Tropical Medicine, Euctcn Road, London 

{Received 27 February 1948) 


In a previous publication (Marshall, 1946o) "we 
reported that quinine degradation product (QDP) 
showed no antiraalanal action against Plasmodium 
gaUinaceum in young chicks, when given orally m 
amounts eqmvalent to an active dose of q uinin e 
Subsequently, Kelsey, Oldham, Cantrell & Gedmg 
(1946) reported that, when given mtravenously, the 
compound showed one third to one fifth the sictivity 
of q uinin e against chick malaria, and less than one 
twentieth that of q uinin e against P lophurae when 
given orally to ducks Pomtmg out that QDP wsis 
less toxic than quinme, thus making its therapeutic 
mdex nearly equal to that of quinme, these workers 
disagreed with our view that the metabohsm of 
quinme results m an inherently less efiicient drug 
They suggested that the reduction of both anti- 
malanal activity and toxicity might be due to a 
decreased rate of absorption m the host 

In order to test this theory, we decided to compare 
the concentrations of qumme and QDP attamed m 
the red cells of chicks foUowmg oral doses of the 
compounds, and^this necessitated the designmg of 
a method of dete rmin ation of small quantities of 
QDP The fluorescence of QDP m ultraviolet hght 
was too feeble for the determmation of very small 
amounts, though it has been used to determine large 
concentrations (Knox, 1946) We found, however, 
that the bromothymol blue method (MetrshaU & 
Rogers, 1946) was almost as sensitive with QDP as 
with quinme 


The degradation product, which is prepared by 
mcubatmg quinme with rabbit hver suspension, was 
shown by Mead & Koepfli (1944) to be qumme 
carbostynl, 1 e qumme with a hydroxyl group sub- 
stituted m position 2 of the qumohne rmg This 
confers phenohc properties on the compoimd, m akin g 
\it unextraotable from sodium hydroxide solution, 
thus providing a ready method for the separation of 
QDP from qu inin e The degradation product 'can 
be extracted from ammomacal solution (Kelsey, 
Ge lling , Oldham & Dearborn, 1944) We have used 
the basic prmciples of this method, but emulsifi- 
cation problems made quantitative extraction difiS.- 
cult However, by moddymg the teohmquesmtably, 
and carefully controlhng the shaking operations, 
a method givmg satisfactory recoveries [of small 
amounts of QDP was produced 

METHODS 

Qtitnvne'>degradalton produd This was prepared by m 
onbatmg qnuune with rabbit-hver suspension, and ex 
traoting and punfynig the compound aooordmg to the 
method of Kelsey el al (1944) The melting pomt of the 
final product was 260° 

Ghtcks and dosing The ohioks used were 7-14 days old, 
and them body weights ranged between 60 and 80 g A smgle 
dose of 200 mg /kg of qumme or QBP base was given into 
the crop by a catheter tube The bases were dissolved m 
a Tmmm - nm amount of HCl Pairs of birds from the qumme 
and QBP groups were killed at suitable mtervals by placing 
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them m an atmosphere of CO, The blood from each pair 
Tvas mthdrawn from the heart and mixed in n graduated 
tube, hepann and citrate being added to prevent olottmg 
The tubes rrere centrifuged at- about 0600 x g for 16 min , 
and the volume of plasma and red cells recorded The con 
centration of qninme or QDP ivas determined in samples 
of both plasma and red oella 

Deienmnaiion of gwnxne Quinme rvas extracted and 
determined by the bromothvmol blue method, previously 
described by Marshall & Kogers (1946) 

Ddermxnatton of QDP Add 1 mL of plasma or rod ceUs 
to 6 ml of distalled vater m n 100 ml glass stoppered, 
narrow necked reagent bottle Add 1 ml of 6n NaOH and 
digest in an oven at 100° for 30 nun Cool and add 1 mL (or 
BufiScient to make the digest acid) of 6 n H,S0,, followed by 
1 ml of ammoma (sp gr 0 88) Cool and add 25 ml of 
chloroform contaimng 4 % ethanol Stopper and shake the 
, bottle for at least 1 min , but not too violently, or a per 
Bistent emulsion will bo formed It is sufficient to keep the 
two phases well mixed for the period of 1 nun Stand until 
the two layers are clearly separatM, then centrifuge tho 
bottle gently to promote complete separation Suck off tho 
upper aqueous layer as cleanly as possible at tho water 
pump Transfer the chloroform layer to a 0 x 1 in glass 
stoppered teat tube and raise out the bottle with 6 ml of 
distilled water, addmg this to the tube Mix the two layers 
by inverbng the tube several times, centrifuge, and remove 
the upper layer as before Repeat the washmg of the 
chloroform layer with a further 6 ml of distilled water 
Shake the chloroform extract with 2 6 ml of 0 05 k HCl for 
at least 0 6 mm , and test the upper layer to ensure that it 
is stfll acid. Centrifuge, and transfer the acid layer by 
means of a teat pipette to a 10 mL flask. Repeat the acid 
extraction with a further 2 6 ml of acid, and add it to tho 
first extract Warm the flask on a sand bath to drive off 
dissolved chloroform, and contmue the bromothymol blue 
coupling procedure as for qumme 

It should be noted that if QDP is bemg determmed in the 
presence of quinme, the qumme must first be removed by 
shaking the NaOH digest repeatedly with ether until a little 
of the ether extract, when shaken with dilute H^O, , shows 
no fiuoreacence m the add layer when viewed in filtered 
ultraviolet hght 

RESULTS 

The recoveries of known amounts of QDP added to 
chiok blood are recorded m Table 1 Considering the 
additional teohmeal difficulties, these values com 

Table 1 Eecovenea of known, amounts of guinvne 
degradation product added to cTitcA, blood 


QDP added 

QDP recovered 

Percentage 

(W) 


recovery 

6 

6-0 

120 

5 

61 

102 

10 

12 

120 

10 

9 

90 

26 

27 

108 

26 

23 

92 

35 

35 

100 

36 

36 

100 

60 

60 

48 

47 

90 

94 
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pare favourably with tho recoveries of quinine by 
the bromothymol blue method (Iilarshall Rogers, 
1945) 

Tho plasma and red coll concentrations of qumme 
and QDP up to 7 hr after dosmg are shown graphi- 
cally m Fig 1 The red coll concentration of both 
compounds was higher than the plasma concen- 
tration Tho qumme curve was characterized by a 
sharp peak 1 hr after dosmg, followed by a rapid 



Fig 1 Concentrations of quinme (A) and QDP (B) found 
in the red blood cells (contmuons Ime) and plasma 
(broken hne) of chicks followmg oral doses of 200 mg /kg 
Each pomt represents two birds 

declme, which confirms our previous observations on 
the absorption of qumme (Marshall, 19466) The red- 
cell concentration curve for QDP did not show a high 
initial peak, but the concentration dechned less 
rapidly than with qumme If the areas enclosed by 
the respective curves are compared, the QDP con 
centration over tho first 7 hr exceeds that of quinme 
m the ratio 1 11 1 

DISCUSSION 

The results show that, over a period of 7 hr after 
oral dosmg, the total amounts of qumme and QDP 
appearing m tho red cell are approximately tho 
same In view of the fact that the concentration 
curve of the degradation product falls off less rapidly 
than that of qumme, it may be concluded that, on 
considerations of red cell concentration, QDP has 
the greater opportumty for bemg actively anti- 
m^onal than qumme The observed lower anti- 
malanal activity of QDP cannot, therefore, be 


QUININE DEGRADATION PRODUCT 





416 


P B MABSHALL AND E W ROGERS 


attributed to poor absorption m the host, but must 
b6 due to a specifically inferior activity against the 
malaria parasite itself 

SmiMAIlY 

1 A method for the quantitative determmation 
of qumme degradation product (QDP), sensitive to 
6 fig , IS described 


1948 

2 The red cell concentration of QDP m chicks 
durmg 7 hr followmg oral doses is approximately 
the same as that of an equal dose of qumme, m 
dicatmg that the previously observed higher anti 
malarial activity of qumme is due to higher specific 
activity on the parasite, and not to superior absorp 
tion m the host 

The authors are mdehted to Miss C Alexander and Mr 
R Neville for valuable teohnical assistance 
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The Relationship between Losses in Labile Liver Cytoplasm 
and Urinary Nitrogen Excretion 

By ROSA M CAMPBELL and H W KOSTERLITZ 
Physiology Department, University of Aberdeen 

{Received 1 March 1948) 


When transferred firom an adequate stock diet to 
a protem-free diet, female rats lose 26 % and male 
rats 36 % of their hver cytoplasm m 6 days (Koster 
htz, 1944, 1947, Campbell & Kosterhtz, 1946) It 
has also been observed m many species that tmder 
sunilar conditions the excretion of urmary N 
gradually foils imtil a relatively constant value is 
reached on the fifth or sixth day (Voit, 1866, 1881, 
cf Kosterhtz & Campbell, 1946-6) The excretion 
of this extra N appears to be closely correlated vsnth 
the loss of ‘ labile ’ hver cytoplasm 

METHODS 

Animals Rats of the hooded stram of the Roivett 
Research Institute were used The females were 16-18 weeks 
and the males 13-14 weeks old The general management 
was the same as that described previously (Kosterhtz, 
-1947) 

Diets The protem free diets used were the basal diets of 
Procedures 1 and 3 described previously (Campbell & 
Kosterhtz 1948 a) Apart from vitamm supplements, 2% 
agar, 3% salts and 10% lard, they contamed either 60% 
potato starch and 26% sucrose (Exps 1, 3, 4) or 86% 
sucrose (Exp 2) Whole hver concentrate was given m 
Exps 1, 3 and 4 but not m Exp 2, m which the supple 
ments of B vitamins were wholly synthetic (Procedure 3) 

Experimental procedure Urme and faeces were ooUeoted 
by the method of Ackroyd &, Hopkins (1916) The flasks for 
thecoDection of urme wereoharged with 6ml ofO 2n HjSO^ 


The funnels were washed down twice daily first with 20 and 
then with 26 mL of 0 2 n H^ 04 , and at the end of each dafly 
period with water The combmed urme and washings were 
made up to 250 ml Dnnary N was detemuned by the 
micro Kfeldahl method (see Kosterhtz, 1947) In the 
experiments with sucrose, the whole faeces and, m those 
with potato starch, suitable samples of the finely ground 
faeces were ashed by the procedure of ChibnaU, Rees & 
Wilhams (1943), the penod of ashmg, however, was re 
duced to 2 hr after the clearing of the digestion mixture 
A sample contarmng about 0 2 mg N was used for dis 
tniation 

Calcidatum of the results Each experimental penod lasted 
for 7 days The mean of the dady urmary N excretions on 
the sixth and seventh days was taken as the basal value 
‘ Extra N’ m urme was the difference between the N actually 
excreted and the basal N AH values were expressed as 
mg /lOO g mitial body weight In the regression equations, 
NN 81 stands for labfle non glycogen non hpid hver sohds 
(mg /lOO g body weight), Nj for labile protem N (mg /lOO g 
body weight) and t for days of protem free diet 

RESULTS 

Faecal N and basal urinary N (Table 1) The values 
for faeoal N jfrom the second to the seventh day of 
the protem firee diet did not differ significantly from 
day to day withm each experiment and were there 
fore pooled In the rats which received the protem 
free diet with 60 % potato starch (Exps 1, 3, 4), the 
mean dady faecal N values were high because of the 


N 


/ 
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Table 1 Excretion of ' extra W tn the xinnc, and loss of protein + nucleic acid'll from the liver, 

during the first 5 days of a p)-o£cin /rce dtc£ 


Rcsults/lOOg bodywt 

j ‘ 


Espenmental diet 

1 Protem free Tvitb starch 
foUoTving stock diet 

2 Protem free •with snoroae 
following stock diet 

3 Protein free -with starch 
following stock diet 

4 Protein free -with starch 
following one week 64% 
casern diet 



Initial 

Mean 


body -wt 

daily 

No 

(mean 

food 

and 

and 

mtake 

sex 

range) 

(g and 

of rata 

(e) 

cal ) 

4§ 

230 

7 2 

(216-244) 

(24 6) 

4$ 

224 

0 16 

(107-262) 

(26 0) 

45 

318 

72 


(308-338) 

(24 6) 

45 

271 

7 1 

(248-287) 

(24 2) 



Mean 

Mean 

daily 

doily 

basal 

faecal N 

nnnary N 

(2nd-7th 

(0th and 7th 

dav)±s E 

doy)±S E 

of the mean 

of the mean 

(mg) 

(rag) 

20 6±0 7 

8 4±Q6 ' 

9 0±0 0 

17 l±l 0 

213±0 7 

9 6±0 2 

24 6±10 

11 7±0 6 


Total 

Total 
loss of 
protem + 
nucleic 


‘extra 

acid N 


N’ in 

fium 

Loss of 

urme 

hver 

hver N/ 

(l8t>-6th (lstr-6th 

‘extra 

days) 

doys) 

N’ in 

(rag) 

(rag) 

urme 

63 

28 

0 53 

47 

28 

000 

41 

39 

0 05 

91 

59 

0 05 


In Esp 4, the hver N on the 6th day of a protein free diet following the stock diet was used for calculation mstead of 
that on the 6th day of a protein free diet following the 64% ensem diet, therefore the calculated N loss may possibly hava 
erred on the large side 


lo-w digestibility of potato starch (Campbell & 
Kosterlitz, 1948 a), -whilat m the rats recei'vmg the 
protem fi^ee diet mth sucrose (Eicp 2) the faecal N 
was low On the other hand, the reverse holds for 
the basal urmary N values they were low m the rats 
receiving potato starch and higli m those receivmg 
•the sucrose diet Thus, the presence or absence of 
potato starch caused only httle vanation in the total 
basal (urmary + faecal) N excretion on the last 2 days 
of the experimental penods , the dady means were 
29 2, 26 1, 30 9 and 36 2 mg /lOO g body weight for 
Exps 1—4 respectively The shghtly raised value m 
Exp ' 4 can probably be accounted for by the fact 
that these rata were •transferred from a high protem 
•to the protem-free diet 

‘ Extra N ’ tn tinne and loss of protein + nucleic acid 
N from the liver (Tables 1 and 2) The daily urmary 
‘ extra N ’ excretions (actually excreted N — basal N) 
•were totalled for the first 6 days of the protem free 
diet m order to ohtam the total ‘ extra N ’ excreted 
durmg this period This value showed only small 
vanafaons m Exps 1— 3, m which male or female rats 
•were transferred from the stock diet (N = 3 2 %) to 
the protem free diet On the other hand, it was 
considerably raised m Exp 4 m which the protem- 
free diet followed a 64 % casern diet < 

The losses of protem - 1 - nucleic acid N, which may 
he expected to occur from the hver durmg the same 
period, were calculated from the protem -f- nucleic 
acid N contents of hvers, ohtamed m earher expen 
ments (Kosterhtz, 1947, CampbeU & Kosterhtz, 
1948 b) They are summarized m Table 2 The ratios 
of ‘loss of hver ET/extra N m urme’ mdicate that 
Bioohem 1948, 43 


rather more than half of the ‘extra N’ was denved 
from the protem and nucleic acid lost from the liver 
If the frurpnsmgly high value of Exp 3 is mcluded, 
the mean of the ratios is 0 68, and -without it, 0 69 
Non protem N and hpid N, amountmg to approxi- 
mately 10% of the protem -h nucleic acid N, -will 
further mcrease the ratios Thus, even if the high 
coefficient of vanation is taken mto consideration, 
at least 60 % of the ‘ e-xtra N ’ excreted m the urme 
durmg the first 6 days of a protem free diet was 
accounted for by tlie N lost from the hver durmg this 
penod 

Table 2 Protein+nudeic acid N in livers of rats 
fed on different diets 


Diet 

Stock 

4 days protein free 
(staroh) 

7 days protem free 
(staroh) 

B days protem free 
(Buorose) 

Stock 

7 days 64% casern 
6 days protem free 


Protem -i-nnoleio 
acid N (mean and 
8 E of the mean) 


No and 

(mg /lOO g Initial 

sex of rats 

body weight) 

7? 

106 0±2 0 

4$ 

78 Oil 7 

4$ 

76 2±17 

6$ 

78 Oil 6 

45 

110 0i21 

45 

129 6 i6 8 

45 

70 6il 6 

extra N ’ tn urine and of losses 


The curves obtamed for the daily excretions of total 
urmary N m Exps 1, 3 and 4 were not mconsistent 

27 
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with the results in human bemgs of Martm & Robison 
(1922), who found that the excretions of ‘extra N’ 
in the urme diminished exponentially durmg the 
first few days of a protem fi:ee diet On the other 
hand, the curve of Exp 2 is rather irregular 



Fig 1 Excretion of total urinary N m female rats fed on 
a protein free diet (The curves were fitted by eye ) The 
vertical Imes represent twice the standard error of the 
mean and in some instances, m order to avoid confusion, 
were drawn m one direction only 

The daily losses of protem and nucleic acid N from 
the hver were calculated &om the regression 
equations for labile N (mg /lOO g body weight) on 
days of protem-firee diet Ni = 31 7 (0 33)‘ for female 
rats, and 2^, = 42 6 (0 60)* for male rats These 
equations were obtamed from the regression 
equations for labile non glycogen, non hpid hver 
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The values obtamed m Bxps 1 and 3 for ‘extra 
N 724 hr m urme and for protem + nucleic acid N 
lost from the hvers m 24 lir are plotted m Eig 3 



Fig 2 Excretion of total urmary N m male rats fed on a 
protem free diet (The curves were fitted by eye ) The 
vertical hnes represent twice the standard error of the 
mean 

In Exp 1 (female rats) the two curves run close 
together with the exception of the value for the first 
day, while they show a considerable discrepancy m 



Days of protein free diet 




Fig 3 Excretion of ‘extra N’ and loss of N fixim the hver (The curves for ‘extra N’ were fitted by eye 
and those for loss of hver N were calculated from regression equations ) 


sohds (mg /lOO g body weight) on days of protem- 
free diet NNSi=254: (0 33)* for female rats, and 
NNSi = 352 (0 60)* for raale rats The constants 264 
and 362 were multiphed by 0 916x0 136 and 
0 886x0 136 respectively, the factors 0 916 and 
0 886 convert NNS to protem +phosphohpm + 
nucleio acid, and the factor 0 136 converts the latter 
to protem + nucleic acid N (Campbell & Kosterhtz, 
1948a, c) 


Exp 3 (male rats) Whether this difference between 
male and female rats is significant cannot be decided 
with the relatively few data at present availahle 

DISCUSSION 

The lag m the fall of urmary N to a new equihbrium 
when dogs were fasted, or when their protem mtake 
was reduced, mduced Voit (1866, 1881) to formulate 
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his theory of * circulating protein ’ This was supposed 
to serve as a reserve pool for protein, winch was 
utilized by the tissues These fundamental obser- 
vations have been amply confirmed by numerous 
workers and e'vtended to anunals of many species, 
either fasted or fed on protem free diets Rubner 
(1911) thought that the ‘extra N’ excreted diirmg 
the first few days of a protem firee diet was duo to 
‘storage protem’, which was retamed or lost withm 
3-5 days after mcreasmg or decreosmg the protem 
mtake Storage protem was assumed to be un- 
organized, and to have os its mam function the 
mamtenance of mtrogen equilibrium with tm mter 
mittent food mtake 

The experiments described m this paper, however, 
mdicate that, while a given quantity of ‘extra N’ 
appears m the urme, at least 60 % , and probably 
more, of this amoimt of N is lost firom the liver It 
IS of mterest to note that both the losses of mtrogen 
from the hver (Campbell & Kosterhtz, 1946, 1948a) 
and the excretions of ‘extra N’ (Martin & Robison, 
1922) dimmish exponentially during the first few 
days of a protem fi:ee diet The fact that no other 
organ loses mtrogen at a rate comparable with that 
^ of hver durmg 2 days of fastmg or of a protem free 
regimen (Addis, Poo & Lew, 1936a, b) supports the 
view that most of the ‘extra N’ is denved from the 
hver 

Conversely, Addis et al (19366) found that, m 
rate which had been transferred from a protem fi:ee 
to a 74% casern diet, the first defimte mcrease m 
hver protem occurred as early as 17 hr after the 


protein feed Campbell & Kosterhtz (1948o), who 
depleted rats of their labile hver cytoplasm by a 
protein free regunen lastmg 4 days and then fed 
them on an 18 % casern diet, found that more than 
half of their labile hver cytoplasm was restored in 
24 hr and that the recovery was virtually complete 
in 48 lir These findmgs suggest that the retention of 
urmary mtrogen durmg a period of mereased pro 
tern mtake can at least partly be ascribed to the 
formation of labile hver cytoplasm 

SUMMARY 

1 An attempt has been made to correlate the 
excretion of ‘ extra N ’ m the urme of rats durmg tlie 
first few days of a protem-free regimen with the 
nitrogen lost from tho livers durmg the same period 

2 At least 60 % of the ‘ extra N ’ con be accounted 
for by the nitrogen denved from the protem, nucleic 
acid and other nitrogenous substances of tho hver 

3 Tliese findmgs make unhkely the older assulnp 
tion of an unorganized ‘circulatmg’ or ‘storage’ 
protem which was supposed to be responsible for the 
appearance of the ‘ extra N ’ 

Grants for soiontifio assistance and expenses by the 
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nowlcdged We also wish to acknowledge our mdebtedness 
to tho following Glaxo loboratones Ltd (Mr A L. 
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An Improved Diacetyl Reaction for the Estimation of Urea in Blood 

' By V R WHEATLEY,* Departm^ni of Ohemtcal Pathology, Westminster Hospital Medical School, 

17 Horseferry Road , W 1 

' (Received 4 March 1948) 


The diacetyl or carbaimdo reaction of Fearon (1939) 
has been utihzed by Ormsby (1942) and by Barker 
(1944) for the estimation of urea m biological flmds 
Archibald (1946) has used the homologue of di- 
acetyl, a-womtrosopropiophenone (the monoxrme of 
benzoyl acetyl) for a similar method which has the 
advantage that the colour obtamed is red instead of 
yeUow By analogy with the Bamtt (1936) reeiction, 
m which a naphthol is used to enhance the colour 
obtamed from creatme and diacetyl m alkahne 
solution, it was considered possible similarly to 
enhance the diacetyl -urea reaction The observation 
of Barker (1944) that thymol mterfered with this 
reaction lent support to the h3rpothe3is Phenols 
were first tried but produced precipitates With 
aromatic anunes the colour produced was orange or 
red and not yellow, whilst diphenylamme and its 
derivatives produced an mtense magenta colour 
The reaction with W-phenylanthramho acid (di- 
phenylamme 2 carboxyho acid) has been studied m 
detail and adapted for the estimation of urea m 
blood 

EXPERIMENTAL 

Effect of added substances on the carbamido reaction 

The effect of the addition of vanous substances to the 
carbamido reaction was tested m the following manner To 
2 ml of a solution of urea (0 1 mg ) 0 26 ml of 3 % diacetyl 
monorrme was added, followed by a few milhgrams of the 
substanoe under test and finally by 4 ml of 18p H,SOj 
The solution was placed m a boilmg water bath for 10 min , 
and immediately after removal from the bath 0 26 ml of 
1% potassium persulphate was added The nature of the 
colour was then observed. With a. naphthol and thymol 
a precipitate was produced which dissolved on the addition 
of ethanol to give a red coloration Anilme, a napthylanune 
and a naphthyldimethylamme gave a red or orange red 
colour and clear solutions With amidopynn, an immediate 
violet colour was obtamed which faded rapidly and was 
slowly succeeded by red. Diphenylamme and phenyl- 
anthranihc acid gave mtense magenta colours 

The nature of this effect was further mvestigated by 
exammation of the absorption spectra Those obtamed 
wilha naphthyldimethylamme, diphenylamme, and phenyl 
anthramhc acid are given m Fig 1 That produced by added 
a naphthyldimethylamme is oharacteristio of the simple 
aromatio ammes, the spectrum shows two maxima, one m 
the blue and one m the green, and the mtensity of absorp 
tion is much less than that for the yellow colour obtamed 

* Present address Medical College of St Bartholomew’s 
Hospital, London, E C 1 


m the absence of added amme With the diphenylamme 
denvatives there is only one absorption hand m the green, 
and the mtensity is much greater than that of the ongmal^ 
yellow colour, m the case of phenylanthramhc acid more 
colour was obtamed with 0 02 mg of urea than with 0 1 mg 
nsmg the diacetyl reaction 



Fig 1 Absorption spectra of solutions obtamed m the 
diacetyl test for urea (1) with no added amme, 0 1 mg 
of urea, (2) with added a naphthyldimethylamme, 0 1 mg 
of urea, (3) with added diphenylamme, 0 1 mg of urea, 
(4) with added N phenylanthraniho aoid, 0 02 mg of 
urea 

Investigation of reaction conditions with 

phenylanthramhc acid i 

Amount of reagents Two molecules of phenylanthraniho 
acid per molecule of urea were required for maximum colour 
production, and m order to keep the blank as low as possible 
minimal amounts were used The diacetyl monoxime and 
potassium persulphate could be varied withm wide limits 
without alteration of the colour produced, the amounts 
eventually chosen were those used by Barker (1944) The 
concentration of HjSOj for the condensation could he 
varied between 9 and 14 n without alteration of the m 
tensity of the colour, although the weaker acid solutions 
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-trere more turbid and the colour faded more rapidly Here 
again the condiUons of Barker ivore retamed by usmg 4 ml 

of 18 n HjSO, , , ^ 

Time of heating The reaction appears to roach completion 
after 10 mm heatmg m the rrater bath, no further morease 

occurs eremf the heating is oontmued up to 30 mm (Fig 2) 


ammonia, glycine, histidine, tyrosine, cystine, caifemo, une 
aoid, barbiturates, acetamide, asparagine, creatme, sul 
phonamides and thiouracil all give negative reactions 
Proteins and monosubstituted ureas, o g phenylurea, give 
red colorations Semicarbazide gives a magenta colour 



Fig 2 Effect of varying times of heatmg m water bath 
on the mtensity of colour produced m the unproved 
diaoetyl teat for urea usmg N phenylanthraniho acid 

Development of coUnir After the addition of persulphate 
the colour develops rapidly and reaches a fairly steady value 
m 10-16 nun (Fig 3), the colour then remains stable for at 
least 2 hr The persulphate must be added as qmckly as 
possible after the tubes are removed from the water bath, 
otherwise colour production is poor 



Fig 3 Rate of development of colour after the addition of 
persulphate, m the reaction between urea and diaoetyl 
m the presence of N phenylanthraniho acid. 



Fig 4 Calibration curve for the improved diaoetyl test 
with known amounts of urea Dots are values obtained 
with Spekkor photoelectno absorptiometer (spectrum 
green filter together with oalores heat filter), crosses are 
results with Leifo visual photometer (filter 630) 

similar to that obtamed with urea, different from the bnght 
red obtamed m the carbamido reaction and of lower m 
tensity Biuret gives a brown colour Creatmme gives 
a positive reaction, and this is an important difference 
between the two tests, but fortunately the sensitivity m 
this case is only one hundredth of that with urea, so that 
creatinine will not mterfere with the estimation of urea m 
bioiogioal fimds 

BLOOD UREA METHODS 
Reagents 

Zinc sulphate solution, 2 % (w/v) 

Sodium hydroxide, 0 iH 

fsotonic sodium eulphale ZO gJLoi anhydrous salt 
Dioceiyl monoxime, 3% (w/v) m water, this solution is 
stable mdefimtely if kept m the refrigerator and for a con 
Biderable time at room temperature 
N PhenylarUhranilic aad, 0 006m Phenylanthraniho acid 
(0 106 g ) dissolved m water oontaming Na,CO, (0-06 g ), 
when dissolution is complete the solution is diluted to 
100 mL 


Calibration curve, Cahbration curves have been prepared 
both with the Leifo photometer and the Spekker absorptio- 
meter (Fig 4) The colour obeyed Beer’s law up to a urea 
concentration of 20 pg /ml , beyond this the readings were 
erratic possibly due to difSoulties m measurement of the 
high extmotions obtamed 

Speeijictty In speoifioity this reaction is simiiar to the 
carbamido test but with certam important differences. 


Sulphuric acid 18n, made by mirmg equal vols of 
concentrated acid and water 

Potassium persidpkals, 1% (w/v) This is stable for 
2 months m the refrigerator 

Urea standards Urea of B P C pnnty, m p 130-132°, is 
adequate for the preparation of standards The stock 
standard, 0 1 % (w/v), will keep for a month or more m 
the refrigerator From this the working standards ore pre 
pared at frequent mtervals by smtable dilution For visual 
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oolomnetry three standardB shonld be used contauung 
respectively 3, 6 and 12 /ig nrea/mL , mth the procedure 
for 0 1 ml samples these are equivalent to blood ureas of 
30, 60 and 120 mg /lOO mL If a photoeleotno colorimeter 
IS used a smgle standard cont aining 6 /xg irrea/mL is most 
snitable, this gives an extmction of c 0 40 mth the Ilford 
spectrum green filter 

Procedure for 0 1 ml samples 

Into a centrifuge tube containmg 7 9 ml. of isotomc 
NasSOi pipette 0 1 mL of blood. Add 1 mL of 2% ZnS04 
followed by 1 mL of 0 1 n NaOH, mix and filter Sufficient 
filtrate is obtamed to enable the determmation to be per 
formed m tnphoate if desired Pipette 2 mL of the filtrate 
into a test tnbe Into, similar tubes pipette 2 ml of the 
standards, and, if a photoeleotno colorimeter is used, pro 
pare a blank using 2 mL of water To each tube add 0 26 mL 
of 3% diacetyl monoxime and 0 26 ml of 0 006 m phenyl 
anthraniho acid followed by 4 ml of 18n H2SO4 Mix 
thoroughly and place m a boilmg water bath for 10 min 
Remove fixim the bath and without coolmg add at once 
0 26 ml. of 1 % potassium persulphate Mix thoroughly and 
allow the tubes to stand for 16 mm for the colour to 
develop , when a visual colorimeter is used 10 mm suffices 
Compare nsmg the Ilford spectrum green filter For a 
blood urea over 160 mg /lOO mb it is best to repeat the 
determination usmg 1 mL of the filtrate, although a fairly 
rehable result can be obtamed by ddutmg with water before 
comparing 

Procedure for 0 02 wiZ samples 

Into a cantnfags tube containing 2 6 mL of isotomo 
NajSO^ pipette 0 02 mL of blood, add 0 2 ml of 2 % ZnS04 
followed by 0 2 mL of 0 1 n NaOH Mix and oentnfuge 
Pipette a 2 mL sample (equivalent to 0 0137 mL of blood) 
mto a clean tube, takmg precautions to avoid contamination 
by any of the precipitate, and treat exactly as described for 
0 1 ml samples The same standards can be used, and the 
result IS multiphed by 1 46 to allow for the extra ddntion 

RESULTS 

The method has been compared with the meniometno 
hypobromite method of Van Slyke & Kugel (1933), 
and fairly good agreement has been obtamed 
^Table 1) In 80 % of cases the difference between 
the two methods was less than 3 mg /lOO ml urea. 


Table 1 Gompanson of the improved diacetyl reaction 
for urea vnth the Van Slyke manometnc hypobro 


mite method 

Range of diSerenoes 
(mg /lOO ml ) 

-10 to - 6 

- 6 to - 4 

- 4 to - 2 

- 2 to + 2 
+ 2 to + 4 
+ 4to + 6 
+ 6 to + 10 


Percentage of cases 

86 
29 
17 1 
644 
67 
86 
29 


but m 10 % of cases errors of 8—10 mg /lOO ml were 
obtamed In spite of this, these results compare 
favourably with other colorimetric urea method m 
current use, and the method can be recommended 
for routme analysis where only HTnn.11 quantities of 
blood are available It is not sufficiently accurate for 
urea clearance tests It has the disadvantage that 
the final solution is strongly acid Attempts to 
overcome this were unsuccessful smce dilution with 
water causes precipitation of the colour complex, 
whilst dilution with ethanol causes the colour to 
fade If acetone is used as diluent the colour develops 
m the absence of persulphate, but unfortunately only 
reaches its maximum value after 3 hr standing 


SUMMARY 

1 When the condensation of urea with diacetyl is 

earned out m the presence of an aromatic amin e a 
red colour is produced, instead of the usual yellow 
With diphenylamme derivatives an mtense magenta 
colour IS produced ^ 

2 The reaction with V-phenylanthranihc acid 
has been studied m detail and a method for the deter 
mmation of urea m blood has been denved 

3 The estimation can be performed with as httle 
as 0 02 ml of blood, and results sufficiently accurate 
for most chmeal purposes are obtamed 

I wish to thank Prof N F Maolagan for advice and 
encouragement m the wntmg of this paper 
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The Chemical Conversion of Nicotinic Acid and Nicotinamide 
to Derivatives of N-Methyl-2-pyridone by 
Methylation and Oxidation 
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and Farbenfabriken Bayer, Wuppertal Elberfeld 

{Received 10 March 1948) 


Tho recent work of Knox (1946) and of Knox & 
Grossman (1946, 1947) has shown that N methyl 
mcotmamide chloride can be oxidized by on enzyme 
present m rabbit hver to the amide of JV-methyl 2- 
pyndone 5 carboxyhc acid These workers have also 
reported the isolation of the amide of N methyl 2- 
psmdone 6 carboxyhc acid from human urme after 
the mgeation of 0 6-0 9 g of mcotmamide per day 
It IS already well known that mcotmamide is methy- 
lated m the human body and that N methylmcotm- 
amide is normally excreted m human urme The 
results of Bhox & Grossman (1946, 1947) therefore 
mdicate that part of the N methyhncotmamide 
formed from mcotmamide m the human body may 
be oxidized by hver enzymes to N methyl 2 
pyndone 5 carboxyhc acid amide 

The amide of N methyl 2 pyndone 6 carboxyhc 
acid has not previously been desenbed, but the aoid 
Itself was prepared and desenbed by von Pechmann 
& Welsh (1884), who synthesized it by two methods, 
VIZ by the action of methylomme on the methyl 
ester of coumahe acid, with subsequent saponifi- 
cation, and by evaporating 2 pyndone 6 carboxyhc 
acid to dryness with potassium hydroxide (2 mol ) 
and methylatmg the salt with methyl iodide m 
methanol Meyer (1905) prepared the and by 
methylating 2 pyndone 6 cetrboxyho acid with 
methyl iodide and aqueous alkah 

Neither the method of preparation from coumtdio 
acid and methylamme, which mvolves the buddmg 
up of the entire nng structure, nor the method of 
preparation by methylation of 2 pyndone 6 carb 
oxyhc acid, explains how the N methyhucotmamide 
IS converted mto the pyndone derivatives in vitro 
or tn VIVO It seemed, therefore, of mterest to 
see if N methj 1 2 pyndone 6 carboxyhc acid amide 
can be formed from N methylmcotmamide by 
the apphcation of the method of Decker (1892, 
1893) for the conversion of pyndimum com 
pounds to 2 pyndones by means of aJkahne fem- 
cyamde N Methylmcotmarmde was prepared by 
methylation of mcotmamide, and was oxidized with 
olkalme femeyamde By extraction of the reaction 
mixture with chloroform a compound of m p 216- 


216 6°* was isolated, which had the same elementary 
composition as the amide of N methyl 2 pyndone-6 
carboxyhc acid, but which showed ultraviolet 
absorption properties entirely different from those 
reported by Knox & Grossman (1947), and which 
fluoresced strongly m ultraviolet hght In order to 
check the identity of this compounditwas saponified 
An acid was obtamed with m p 183—183 6° This 
acid was N-methyl 2 pyndone 3 carboxyhc acid, 
for which Spath & Koller (1923) reported a meltmg 
pomt of 184“, and not N methyl-2-pyndone-6 
carboxyhc acid, which has a widely different meltmg 
pomt (237-238° accordmg to von Peclimann & 
Welsh (1884), 238-239° accordmg to Meyer (1906)) 
The foUowmg senes of reactions therefore ocemrred 



The product of the oxidation of N-methylmcotm- 
amide was the amide of N-methyl-2 pyndone 3 
carboxyhc acid and not that of N methyl 2 pyn- 
done 6 carboxyhc acid 

In a search of the hterature a patent (D R P 
no 622060) ofRath (1932) wasfonndmwhichitwas 
stated that N methyl-2 pyndone 6 carboxyhc acid 
may be prepared from mcotuuc acid by methylation 
with methyl sulphate followed by oxidation Nico 
tmic acid was therefore methylated by a method 
similar to that used by Wmterstem & Wembagen 
(1917), and the product was oxidized with alkaline 
femeyamde A good yield of N methyl -2 pyndone 
6 carboxyhc acid (m p 238-238 6°) was obtamed 
from the reaction mixture The followmg reactions 
occurred / 



"Unless otherwise stated, the melting points given in 
tins paper are nncorreoteiL 
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It seema that, in vitro, the methylation and 
oxidation of nicotinic acid yields N-methyl 2 pyn- 
done 6 carboxyho acid, ■while the methylation and 
oxidation of mcotmamide gives the amide of N- 
methyl-2 pyndone 3 carboxyho acid There is no 
e'videnoe to suggest that mixtures of both isomers 
are formed m either of these reactions, smce, if both 
amides were formed by the oxidation of jW-methyl- 
mbotmamide, they would be extracted by cldoro 
form* and would give, after saponification, a 
mixture of acids "with an fil defined meltmg pomt, 
if both acids were formed by the methylation and 
oxidation of mcotmio acid, they would bo pre- 
cipitated by hydrochloric acid and would also give 
a mixture ■with an mcorrect meltmg pomt It was 
thought possible that the course Of the reactions 
might bo mfiuenced by the nature of the mothy- 
latmg agent used To test this pomt mcotmio acid 
was methylated ■with methyl iodide and the product 
oxidized, and mcotmamide was methylated ■with 
methyl sulphate and the 2^ -methyl compound was 
oxidized The same results were obtamed as m the 
pre^vious experiments, ■viz mcotmio acid gave N- 
methyl 2-pyndone 6 carboxyho acid, and mcotm- 
armde gave N-methyl-2 pyndone-3-carboxyho acid 
amide The methylatmg agent, therefore, had no 
influence on the course of either of the reactions 


1948 

amide by a different senes of reactions m the animal 
bodyfi:omthattnmtro,orthatJV-methyl 2 pyndone 
6-carboxyhc acid is first formed fi’om mcotmic 
acid and is subsequently converted to the amide 
The amide of N-methyl 2-pyndon6-3 carboxyho 
acid, which is formed by the oxidation of N methyl 
mcotmamide in introj but not m the animal body, 
has a similar structure to two compounds of mterest 
m plant biochemistry, ■viz ncinme and ricmidme 
It IS conceivable that plants may be capable of pro 
ducmg these substances from 2^-methylpyndmium 
compounds by oxidation 



Ricmine Ricinidine 


The armde of N methyl-2-pyndone-6 carboxyho 
acid was prepared by convertmg the acid to the acid 
chlonde ■with thionyl chlonde and by decomposmg 
the acid chlonde ■with aqueous ammoma , it was also 
prepared from the ethyl ester of the acid The ultra 
■violet absorption of the amide prepared by ■these 
methods (see Fig 1) was identical ■with that reported 


Wave length (rufl ) 



\ 


Fig 1 Approximate diagrammatio reproductions of ultraviolet absorption photographs (o) N Methyl 2 pyndone 3- 
earboxyhe aeid, 0 006 % m ivater (6) N Methyl 2 pyndone 3 earboxylio acid amide, 0 006 % in ivater 
(c) N Methyl 2-pyndone 6 carboxyho acid, 0 001 % m water (d) N Methyl 2 pyndone p carboxyho acid amide, 
0 001 % m water 


The results of the above experiments mdicate 
either that the amide of -W-methyl 2 pyndone 6 
carboxyho acid is produced from N methyhuootm- 

* See later seotions for the preparation of the amide of 
methyl 2-pyndone-6 oarboiyho acid. Both the 2 3 and 
the 2 6 anudes are slightly soluble m chloroform and are 
reasonably stable hi the alkahne femoyamde solution 
Neither of the isomenc acids could be isolated from the 
mother hquor after extraction inth chloroform. 


by Knox & Grossman (1947) Its elementary com- 
position agreed closely •with the theoretical values 
The meltmg pomts of four samples prepared by 
different methods (201-204°, 204-206 6°, 203-206°, 
202-203° (206 6-206 6° corrected)) were defimtely 
lower than that of 212-214°, which was found by 
Knox & Grossman (1947) for N methyl 2 pyndone 
5 carboxyho acid armde prepared enzymicaUy 
from 27-metliylmcotmaimde chlonde Further 
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efforts to 'test the punty of our specimens of the 
amide showed that the acid (m p 236-237°) could 
he recovered by sapobification i^ith 2 6 n sodium 
hydroxide, and that no change m the meltmg pomt 
resulted after repeated recrystalhzations from 
vanouB solvents, after extraction with chloroform 
or ether, or after previous heatmg of the substance 
to its meltmg pomt 

It 18 mterestmg to observe (Fig 1) that there is 
a wide difference m ultraviolet absorption between 
the amide of N methyl-2-pyndone 3 carboxyhc acid 
and that of A methyl 2 pyndone 6 carboxyhc acid 
The former compound sfiows strong blue fluorescence 
m ultraviolet light, the latter has no fluorescence 
Knox & Grossman (1947) stated that N-methyl-2- 
pyndone 6 carboxyhc acid amide fluoresces shghtly 
under the conditions used m the estimation of N- 
methyhucotmamide m urme, but their preparations, 
which were not white m colour, may have contamed 
traces of unpunties 

The present results suggest that, m the estimation 
of aneimn m urme by the thioohrome method, the 
alkahne femcyamde used to oxidize aneurm to 


was filtered off and N methyl 2 pyndone 3 carboxyhc noid 
amide was isolated from the filtrate by extraotmg repeatedly 
with chloroform After evaporation of the combmed 
chloroform extracts to diyness, the pale brown residue (2 g ) 
weis purified by crystallization i^m methanol The com 
pound crystallized m the form of white needles with a famt 
greenish fluorescence, m p 216-216 6° Sp5th & Koller 
(1923) reported amp of 216° for this compound (F ound 
C, 55 6, H, 5 64, N, 18 4 Calo for C,H,OjN, C, 66 2, 
H, 6 26, N, 18 4% ) Both the 2 3 and the 2 6 amides tend 
to leave a residue which contains N and C Care must 
therefore he taken in the determination of N and C to 
ensure complete combustion 

2 pyndone 3 carboxylxc acid 

N Methyl 2 pyndone 3 carboxyhc acid amide (0 6 g ) was 
saponified by boihng gently under reflux for 3 hr with 
2 6 ml of fifisNaOH. The solution was acidified with 
2 n hoi and the precipitated N methyl 2 pyndone 3 
carboxyhc acid was filtered off Alter crystallization from 
water the acid was obtamed as thin, pure white needles of 
m p 183-183 6° Spath & Koller (1623), who prepared this 
compound by another method, found m p 184° 

N Methyl 2 pyndone 6 carboxyhc acid 


thioohrome may also convert a part, at least, of the 
N mcthykucotmamide present to the fluorescent N- 
methyl 2 pyndone 3 carboxyhc acid amide, which 
would then be extracted by tsobutanol together with 
the tluochrome The error, which Najjar & Ketron 
(1944) found to be mtroduced mto the estimation of 
aneurm m urme by the presence of N methylmcotm- 
amide, may be attributable to a difference m the 
mtensity of fluorescence of N methyl 2 pyndone 3 
carboxyhc acid amide compared with that of the 
product of the reaction of alkah alone on N methyl 
mcotmamide, and/or to partial destruction of the 
latter substance by alkahne femcyamde and mcom 
plete formation of the former Najjar & Ketron 
(1944) suggested that N methyhncotmamide was 
converted to a pyndone by alkah and femcyamde, 
but they did not isolate and identify the compoimd 

EXPERIMENTAL 


Nicotimc acid (82 g ) was covered with methanol 
(200 ml ), and the mixture boded gently under reflux with 
60 g methyl sulphate After about 0 26 hr the niootimo 
acid dissolved After heatmg for 2 hr the methanol and 
the excess of methyl sulphate were removed tn vacuo The 
•nscons brown hqmd which remained was transferred to 
a 3 L flask with 200 mb water The flask was cooled m ice, 
and to the contents were added, drop by drop, with con 
stant stirnng, a solution of 440 g K3Fe(CN), in 760 mL 
water, and, simultaneoualy, a solution of 194 g KOH m 
600 mb water The resulting mixture was stirred for 1 hr 
and was filtered to remove precipitated K4Pe(CN), The 
filtrate was acidified with 6 k HOb The precipitated N- 
methyl 2 pyndone-6 carboxyhc acid was filter^ off and 
washed on the filter four tunes with cold water (yield 60 g ) 
It was dissolved m hot water and the solution boded t^h 
charcoal After crystallization from water, white needles 
(30 g ) were obtamed with m p 238-238 6° This meltmg 
pomt agrees well with the values of 237-238° reported by 
von Pechmann & Welsh (1884), and of 238-236° found by 
Meyer (1906) 


'S^-MeOiylmcohnamide iodide 

Nicotmamide (26 g ) was dissolved m methanol (60 mb) 
and the solution boiled gently under reflux for 8 ^ with 
43 7 g methyl iodide (1 6 mob) After removal of methanol 
and of the excess of methyl iodide by filtratioii, N methyl 
niootmamide iodide remamed as a pale yellow crystalline 
mass (64 3 g ) of m p 203-204° (of m p 204° reported by 
Karrer, Sohwarzenbaoh, Benz & Solmssen, 1936) 

N-Mellit/I 2-pyridone 3 carboxyhc acid amide 

N Methylmootmamide iodide (20 g ) was dissolved in 
water (120 mb) m a 1 b flask The flask was cooled m ice 
To the contents were added slowly, with constant stirnng, 
a solution of 63 g K,Pe(C!N), m 170 mb of water, and, 
sminltaneoualy, a solution of 20 g KOH m 40 ml water 
The mixture was stirred fori hr The precipitated K4p6(CN)5 


N Methyl-2 pyndone 6 carboxyhc acid ethyl ester 

N Methyl 2 pyridone 6 oarhoxyho aoid (10 g ) was esten 
fied by heatmg for 6 hr with absolute ethanol (100 mb), 
through which a stream of dry HCl was bubbled con 
tmuously The ethanol and Hd were removed by evapora 
tion tn vacuo The dry residue was ground m a mortar with 
Bohd Na,CO, and the ester (m p 72 6-74°) was extracted 
with benzene It was pnnfied by orystaUization from a 
mixture of benzene (1 vob) and Iigrom (3 vol ), m p 72— 
73 6° (of m p 74° reported by Rith & SohiffinaM, 1931) 

N methyl 2 pyndone 6 carboxyhc acid amide 

(a) N Methyl 2 pyndone 6-carboiyho acid (10 g ) was 
boded gently under reflux for 1-2 hr with 60 ml thionyl 
ohlonde The excess of thionyl ohlonde was evaporated 
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»n vacuo The greenish yellow orystallme residue was ground 
m a mortar, and was slowly added to 200 ml cone NHj, 
with coolmg The mixture was stirred contmuously for 
3 hr A'' Methyl 2 pyndone 6 carboxyho acid amide was 
precipitated as a white qrystolhne mass, which was filtered 
off (yield 5 g , m p 201-203 6°), and purified by crystal 
lization from absolute ethanol (pure white needles of m p 
201-204°) (Found C, 64 8, H, 6 32, N, 18 2, amide N, 
9 0 Calc for C7H80,N, C, 66 2, H, 6 26, N, 18 4, amide 
N.0 2% ) 

(6) The same procedure was used as m (a), except that 
22 6 g of N methyl 2 pyndone 6 carboxyho acid and 
correspondmgly greater amounts of the other reagents were 
taken, and the tune of heatmg with thionyl ohlonde was 
somewhat shorter (1 hr ) The yield of the orude product 
was 16 g After two reorystaUizations from absolute 
ethanol 8 6 g of white needles of m p 204-206 6° were 
obtamed. 

(o) The procedure was the same as m (o), except that the 
time of heatmg with thionyl chlonde was reduced to 
20 mim After orystaJhzmg once from absolute ethanol, 
white needles of m p 202-203 6° were obtamed The pro 
duct, however, contamed a trace of an impnnty, pre 
sumably unchanged acid, which melted at 233 6° After 
treatment with a solution of NaHCOj and orystaUization 
from absolute ethanol, no trace of the high meltmg im 
punty remamed and the meltmg pomt was sharp (202-203°, 
unoorreoted, 206 6-206 6°, corrected) After saponification 
for 7 hr with 2 6 k NaOH, N methyl 2 pyndone 6 corb 
oxyhc acid was recovered (m p 236-237°) 

(d) N Methyl 2 pyndone 6 carboxyho acid ethyl ester 
(6 g ) was heated for 8 hr at 200° under a pressure of 
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63 kg /sq cm with 20 ml methanol saturated with NHj 
After removal of methanol and NH, by evaporation on 
a steam bath, the residue was extracted once with benzene 
to remove unchanged ester The amide of N methyl 2 
pyndone 6 carboxyho acid was isolated from the benzene 
insoluble residue by orystaUization from absolute ethanol 
It was purified by a second crystallization from absolute 
ethanol, almost white crystals of m p 203-205° were 
obtamed 

SUMMARY 

1 Methods are described for the preparation of 
the amide ofN methyI-2 pyndone 3 oarhoxyhc acid 
by the methylation and oxidation of mcotmannde, 
and for the preparation of Y-methyl-2 pyndone 6 
carboxyho acid by the methylation and oxidation of 
mcotmic acid Methods are also given foc-the con 
version of the former compound to the corre 
spondmg acid, and of the latter compound to the 
corresponding amide 

2 The properties of the two isomeno acids and 
amides are compared The course of the reactions 
which occur m the formation of these compounds w 
tnlro 18 discussed m relation to the biological forma 
tion of the armde of N methyl 2-pyndone 6 carb 
oxyhc acid from mcotinamide m the human body 

We are mdebted to Dr E Merkel for the ultraviolet 
absorption pbotographs and to Dr 0 WoUenberg for the 
dementaiy analyses 
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Absorption of 3-Methylglucose from the Small Ilitestme 

of the Rat and the Cat 


By P N CAMPBELL Aim H DAVSON 
Departments of Btochemtstry and Physiology, University College, London 

(Received 8 March 1948) 


On the basis of the phosphorylation theory (VerzAr & 
McDougall, 1936) certam sugars are absorbed from 
the mtestme by an active process, one stage of which 
mvolvesjthe phosphorylation of the sugars Sugars 
so absorbed are thought to leave the gut more 
rapidly than those dependmg only on simple 
diffusion, and it is customary to judge whether or 
not a sugar is actively absorbed by comparmg its 


rate of absorption with that of glucose On this 
criterion, galactose and glucose are classed as bemg 
actively absorbed whilst the pentoses, such as xylose, 
are thought to enter by simple diffusion only In the 
course of work, on the synthetic 3-mothylgluco8e, it 
became of mterest to determme whether it was 
actively absorbedfrom the mtestme Two approaches 
were made first, the rate of absorption from the 
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rat’s small mtestme was compared with that of 
glucose , secondly, the power of the gut to absorb tho 
sugar against a concentration gradient was m- 
vestigatedmthecat Bothhnesofmqmrymdicated 
the existence of an active mechanism for the 
absorption of 3-methylgluoose 

METHODS 
Expcnme,nt8 on rata 

In individual rats, under nembutal anaesthesia, two 
adjacent loops of the small mtestme were isolated with 
ligatures, isotomo solutionB of glucose and the sugar to he 
exammed were placed m the separate loops and, after 
a given time, the contents were washed out and their 
reduomg values detemuned by the Hagedom & Jensen 
(1923) tCThmque From rat to rat the relative positions oL 
the two solutions, proximal or distal to the stomach, were 
alternated m order to discount variations m the absorptive 
rate due to their position m the gut The technique closely 
followed that described by Davidson & Garry (1041) 

Expenmenla on cals 

The general prmciple of these experiments con 
Bisted m naamtammg a concentration of 3 methyl- 
glucose m the blood higher than that m tho gut If 
the sugar enters the blood only by simple diffusion, 
the absorption must take place as a result of the 
previous absorption of water to such an extent that 
the concentration of the sugar m the gut is greater 
than that m the blood After a given tune, then, any 
16ss of sugar from the gut would have to be accom 
peuued by a concentration m the gut equal to, or 
greater than, that m the blood, if simple diffusion 
were the only factor The absorption of water could 
be by a specific process, or it could simply result 
from the colloid osmotic pressure of tho plasma 
Thus an estimation of the amount of 3 -methyl 
glucose absorbed from an isolated loop, combmed 
with a determmation of the concentration of 3- 
methylglucose m the blood dunng the process 
of absorption, and m the gut flmd at the end of 
the absorptive period, should provide uneqmvocal 
evidence as to whether the sugar is actively absorbed, 
smce a loss of sugar from the mtestme, associated 
with a lower mtestmal concentration than that m 
the blood, could not arise by a simple diffusion 
process To reduce colloid osmotic influences to a 
m inimum , the sugar was dissolved m the cat’s own 
plasma To ensure that the concentration m the 
blood would be the higher, the strumal was given an 
mtravenous mjection of the sugar after the renal 
arteries hod been tied A large sample of blood was 
withdrawn, the plasma separated and 6 ml inserted 
mto an isolated loop, meanwhile, successive mtra 
venous mjeotions of the sugar were administered 
durmg the course of the experiment m amounts 
designed to mamtam tne blood level definitely 
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higher than that m the gut Eor control purposes 
a second loop was isolated and the animal’s plasma, 
withdrawn before the mjection of 3 methylglucose, 
inserted, and the absorption of glucose estimated 

The oats were cleared of mtestmal worms with a dose of 
10 mg of arecohne hydrobromide m milk. The renal 
arteries were tied under nembutal anaesthesia The femoral 
vem of one leg and the artery of the other were oannulated, 
and 10 ml of blood withdrawn to provide the plasma for 
the control glucose absorption. A volume of 18 ml of the 
6% (w/v) 3 methylglucose m 6% gum acacia was mjected 
and, a^r time had been allowed for equihbration, 10 mb 
of blood were withdrawn and the plasma separated. The 
abdomen was then opened and the warm plasmas were 
inserted mto adjommg isolated loops of the small mtestme, 
the techmque of Davidson & Garry (1940) bemg followed 
Durmg the whole of the procedure, the mjeotion of 3 | 
methylglucose was contmued at the rate of about 2 mL 
every 6 min After a given mterval the loops were removed 
and emptied, 0 1 ml samples of the contents were taken for 
reducing value estimations and the remamder, together 
with the washings of the gut, was made up to 26 mh for 
Zeisel methoxyl determinations (Elek, 1939) of 3 methyl 
glucose Methoxyl and reduomg values were also estimated 
on the blood samples 

In order to determme more aoeurately the changes m 
the sugar concentration of the gut flmd durmg the absorp 
tive penod, a second senes of experiments was conduct^ 
m wEoh a smgle loop was well filled with the plasma con 
tainmg 3 methylglucose The loop was emptied after a short 
absorption penod, when at least 2 ml of fluid remamed 
unabsorbed This permitted an accurate dnphcate deter 
mmation of the actual concentration of 3 methylglucose m 
the flmd. All estunations m this case were done by re 
movmg the glucose by yeast fermentation and estimating 
the non fermentable 3 methylglucose by the Hagedom A 
Jensen teclmique The fermentation techmque followed 
closely that descnbed by Young (1938) and Somogyi (1927) 

RESULTS 
Esrpenmcnts on rats 

Sixteen rata were treated and the results calculated 
as the absorption in mg /g of gut/hr The results 
are shown m Table 1 i If the rate of absorption 
of glucose be taken as 100 then that of 3 methyl- 
glucose IS 84 

It was found that if the absorption took place m 
the proximal part of the mtestme ^there was no 
difference between the caudal and cramal loops, 
whereas if more of the mtestme was used and the 
more distal portion moluded there was a marked 
difference m the rates of absorption from the two 
loops, that from the caudal bemg appreciably less 
than that from the cramal loop These differences, 
however, were eliminated in computing the results," 
smce m eight rats the one sugar was m the caudal 
loop and m the other eight rats the position was 
reversed 
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Table 1 Absorption of sugars from rat inteshne 


(Absorption rates as mg sngar/g of gnt/hr ) 



3 Methylglucose 

Glucose 

IJean value 

32 2 

38 3 

Standard error 

206 

100 

Extreme ranges 
Highest 

447 

47 0 

Lovest 

21 1 

24 2 

Difference = 16 0 % 


Experiments on cats 



In the first senes of experiments it was found that 
m each of three cats, m which the concentration of 
S-methylglucose m the blood was kept above that 
m the gut, appreciable absorption did take place 
The results are summanzed in Tables 2 and 3 It 
will be seen firom these tables that (a) the percentage 
absorption is comparable with that of glucose, and 
(6) the initial concentration of 3 methylglucose m the 
mtestme was considerably less than that m the 
blood The results givmg the final concentration of 
3 methylglucose were mconclusive in this Senes and 
probably not very accurate, smce very httle plasma 
remamed m the mtestme after the absorption penod 

Table 2 Percentage, absorption of sugars 
in loops of cats' intestine 


Cat 

3 Methylglucose 

Glucose 

I 

30 

40 

n 

38 

36 

V 

60 

00 


Table 3 Concentration of 3 methylglucose during 
absorption in the cat 


(Concentration m mg /lOO mL plasma ) 



f 

Cat 



I 

n 

V 

Av concentration of 3 methyl 

690 

400 

230 

glucose in blood during absorption 




Initial concentration of 3 methyl 

470 

260 

190 

glucose m mtestme ' 




Table 4 Concentration of 3 methylglucose during 

absorption in the cat 





Cat 


■Concentration of 3 methylglucose 

r 

* 

V 

(mg /lOO mL plasma) 

VI 

vn 

vm 

In mtestme Initially 

219 

249 

231 

After absorption 

189 

206 

178 

In blood Before absorption 

261 

240 

229 

After absorption 

342 

263 

238 


In the second senes of experiments (Table 4) it 
was found that, m eacli of three cats m which the 
concentration of 3 methylglucose m the blood was 
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mamtamed at or above the concentration m the 
mtestme, an appreciable lowenng of the concen 
tration of 3 -methylglucose took place 

DISCUSSION 

Amongst others Con (1926a, b) and Wilbrandt & 
Laszt (1933) have shown that different sugars are 
absorbed at different rates from the gut In general, 
the hexoses are absorbed more rapidly than the 
pentoses It has been suggested that the difference m 
the rates between these two groups of sugars is due 
to the fact that the hexoses (glucose and galactose) 
are actively absorbed, whereas tlie pentoses are 
merely absorbed by simple diffusion Verzdr & 
MoDougall (1936) suggest^ that the mechanism of 
active absorption may be phosphorylation, a theory 
which 18 supported by the fact that glucose and 
galactose are phosphorylated in vivo whereas the 
pentoses are not 

Table 6 Absorption rates of various sugars 
from rat intestine 


Galactose 

116 

Eructose 

44 

Glucose 

100 

Pentoses 

30 

3 Methylglucose 

84 




Table 6 shows a comparison between the rates of 
absorption of various sugars from the rat’s mtestme 
(Wilbrandt & Laszt, 1933) to which our results with 
3 methylglucose have been added It wdl be seen 
from this that 3 methylglucose, on the above basis, 
would be expected to be actively absorbed m the 
rat The fact that the sugars were apparently 
absorbed more slowly the more distal the loop from 
the stomach, coupled with the evidence of Davidson 
& Garry (1941) that there was no difference m the 
rates of absorption of the pentoses m the caudal and 
cramal loops of the rat’s mtestme, suggests that the 
efficiency of the ‘active’ absorption mechanism 
decreases along the length of the small mtestme 
In the experiments m the cat there can be httle 
doubt that absorption did take place agamst a con- 
centration gradient It has also been shown that the 
concentration of sugetr m the gut loop decreased 
durmg absorption so that there can be no question 
that absorption took place by preferential absorption 
of water which would upset the gradient B&riny & 
Sperber (1939) have also shown that glucose can be 
absorbed agamst a concentration gradient, our 
results confirm this We must, therefore, conclude 
that the 3 methylglucose was tictively absorbed m 
the cat , 

Previous results have shown that 3 methylglucose 
is not glycogemc m the rat (Campbell & Young, 
1948), so that from this standpomt it would not be 
expected to be actively absorbed Therefore, the 



EsTTESTmAL ABSORPTION 


429 


Vol 43 

fact that it IS, suggests that phosphorylation is not 
the mechanism of active absorption in this case 
These results confirm those of Davidson & Garry 
( 1 940) m which they found that D xylose is absorbed 
as rapidly as glucose from the caudal region of the 
small mtestme of the cat Shapiro (1947) has sug- 
gested from results with phlorrhizm and rat kidney 
extracts that, although phosphorylation may play 
a part m the absorption of sugars, it is probably far 
from being the only mechanism, and this is also true 
of the small mtestmes of the rat and the cat 


SUMMARY - 

1 In rats the rate of absorption of 3 methyl- 
glucose has teen found to be about 16 % slower than 
that of glucose 

2 In cats 3 methylglucose has been found to be 
absorbed against a concentration gradient 

3 Smce 3 methylglucose is not glycogemc m the 
rat, it IS suggested that phosphorylation is not the 
only mechanism of active absorption either m the 
rat or the cat 
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Determination of Traces of Iron and Copper in Culture Media 
Prepared by Enzymic Digestion of Muscle Protein 

By W a JONES, Wellcome Physiological Research Laboratories, Beckenham, Kent 

(Received 16 March 1948) 


During the course of experimental work on the effect 
^ of trace metals on the to xin production of Ooryne 
, bacterium diphthenae, it became apparent that a very 
sensitive method for the determmation of iron and 
copper was necessary As a temporary measure, 
a method for iron was evolved, based on Mueller’s 
(1938) media deferration method, consisting of 
addmg calcium phosphate to the sample, pre- 
cipitatmg with aimnoma, and treatmg the pre 
cipitate with o phenanthrohne to develop a colour 
with the feme phosphate adsorbed on the calcium 
phosphate This method gave reliable and repro- 
ducible values for morgamc non, but gives no m- 
dication of the amount of hound uon present The 
problem thus resolved itself mto two mam steps 
(a) mcmeration of the sample, and (6) the deter- 
mmation of iron and copper m the ash 

Dry asbmg methods, particularly that due to Klumpp 
(1934), rrere investigated and rejected becanse of the gigoifi 
cant amounts of iron and copper extracted firom the ashing 
vessels Silica, porcelam and pyrex oruoibles all gave 
trouble, a fact noted by Braun A Sobeffer (1940), but 
platmum was not tried amce Bailey & MoHargne (1946) 


stated that it gave a colour with the copper reageht similar 
to that given by copper itself Wet ashing with HjSO<, 
HClOt and HNOj m pyrex flasks was then tned, but even 
after diminishing the large acid blank by redistdlation of 
the adds, resnlte were still erratio and high. It was not 
until the flasks were specially cleaned that consistent results 
were obtained Wet ashing was a lengthy procedure until 
Smith’s (1946) method was mvestigated, in which digestion 
was greatly accelerated by the use of vanadium as a 
catalyst This method gave no trouble provided that the 
rate of heating was oontrolled to prevent spontaneous 
igmtion. 

Of a number of colorunetno reagents available for the 
detennmation of small quantities of iron, txal dipyndyl and 
o phenanthrohne appeared to be the most satisfa^ry fitim 
the pomt of view of sensitivity, stability of colour and 
fieedom from interference, and a number of methods 
employmg both dipyridyl (Hill, 1930, Dyer & MacBarlane, 
1938, Jackson, 1038, Schulek & Bloderer, 1939, Thorpe, 
1941, Koenig & Johnson, 1942, Moss & Mellon, 1942, 
Norhn, 1043, Kitzes, Elvehjem & Sohnette, 1944) and 
phenanthroline (Saywell & Cunmngbam, 1937, Bortune & 
Mellon, 1938, Hummel & Willard, 1938, Schaefer, 1940, 
Mehhg & Hulett, 1942, Borei, 1943, Bandemer A Sohaible, 
1?44, Benne A Snyder, 1944) is described m the literature 
The thiocyanate complex was rejected m view of its in 
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stability and sensitivity to vanation of pH, etc {Woods 
Mellon, 1941, Benne &. Snyder, 1944) Phonanthrolme is 
about one and a half times as sensitive as dipyndyl, other- 
wise there is httle to choose between the two reagents They 
both form coloured complexes with ferrous iron and give 
practically no colour with feme iron, so an efficient reduemg 
agent must be used A number of different reduemg agents 
has been employed, of which the moat satisfactory appear 
to be hydroiylamme hydrochloride (Fortune & Mellon, 
1938, Moss A Mellon, 1942) and p hydroxyphenyl 
glycme (Dyer A MacFarlane, 1938) Sodium hyposulphite 
(Na.SjO^), though efficient, is somewhat unstable, and 
grades obtamable eontamed eonsiderable quantities of iron 

The estimation of iron m the ash was relatively simple 
when phosphate was absent, but in the presence of re 
latively large amounts (up to 10,000 1) of this ion it 
became difficult owmg to the formation of feme pyro 
phosphate durmg aslung Several methods have been 
described to overcome this difficulty, of which the methods 
of Schulek & Floderer (1939), as desenbed by Moss A Mellon 
(1942), and Jackson (1938) appeared to be most pro mis ing 
Schulek &, Floderer’s (1939) phosphoric acid procedure was 
found to give fairly good results with tiyptic digests but 
not with papam digests, a satisfactory explanation for this 
was not found. Jackson’s (1938) method of preoipitatmg 
the iron as sulphide was not satisfactory smee filters would 
not hold the precipitate Adsorption of the precipitate on 
Ca3(POj)2, and PbS, although it gave better results, was not 
entirely satisfactory Attempts to prevent the formation of 
pyrophosphate by ormttmg HjSOi from the digestion 
mixture were not successful smee the presence of HCIO^ m 
the residue caused the precipitation of what was presumably 
ferrous phenanthrohne perchlorate, for which Srmth & 
Eichter (1944) give a solubility of 0 00103 mol fi De 
struction of the excess HCIO4 with hydrazme, hydroxyl 
amine and oxalic acid was attempted but was unsuccessful 
owmg to the large quantities of reduemg agent required 
Other types of reducing agents could not be used smee the 
decomposition products had to be volatde to kmit the con 
centration of sohds m the final solution Hydrated sdica 
also caused trouble by adsorbmg some of the coloured iron 
complex on standing 

The problem was finally solved by heatmg the ash 
solution toboilmgwithphenanthrohneandhydroxyl- 
amme, when it was found that maximum colour 
development was obtamed m less than 30 sec As 
a matter of mterest, this phenomenon was more fully 
mvestigated and it was found that a similar effect 
was obtamed m the presence of other complexes, 
20 fig of Fe"*"^ were added to c 0 1 g of the com- 
plexmg ion (as the Na or K salt) m 6 ml of water, 
followed by phenanthrohne, hydroxylamme and 
acetate buffer If m 6 rmn the solution had not 
attamed the same colour as a standard, it was 
heated to boihng If the colours stfil did not match, 
a tmy crystal of sodium sulphide was added and the 
solution reheated The results obtamed are set out 
m Table 1 

In addition to the methods noted above for the 
determmation of copper (Braun & Scheffer, 1940, 
Bailey & McHargue, 1946), a trichloroacetic acid 
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Table 1 Colour development presence of 
various complexmg tons 

(Olg Na or K salt of complex, 20 fig Fe"'^, 0 25 ml 
10% {■"'/^) hydroxylamme hydrochlonde, 0 6 ml 0 26% 
(w/v) o phenanthrohne, 0 5 ml 1 7 ji acetate buffer, 
diluted to 10 ml with distilled water ) 


Complexmg ion 

Maximal colour development 

Benzoate 

AH 

Borogluconate 

I 

Citrate 

AH 

Femoyamde* 

AHS 

Ferrocyamdo* 

AHS 

Fluonde 

AHS 

Formate 

I 

Gluconate 

AH 

Glutamate 

‘ I 

Glycerophosphate 

AH 

Glycollate 

AH 

Lactate 

AH 

Mai ate 

, AH 

Maleate 

AH 

Mandelate 

AH 

Metaphosphate 

AH 

Orthophosphate 

AH 

Oxalate 

AHS 

Palmitate 

Red ppt 

Phenylacetate 

AH 

Phthalate 

I 

Pyrogallate 

I 

Pyrophosphate 

AH 

Pyruvate 

Incomplete 

Sahcylate 

AH 

Stearate 

I 

Succinate 

AH 

Sulphosalicylate 

AH 

Tannate 

Pale blue ppt 

Tartrate 

AH 

Thiocyanate 

AH 

Thiodiglycollate 

AH 

Thiosulphate 

I 

Tnchloroacetate 

I 


Key J=immediate, AH=after heatmg, AffS=after 
heating with sulphide, * total iron hberated. 

extraction method usmg diethylditlnocarbamate 
(Tompsett, 1934o, Cartwright, Jones & Wmtrobe, 
1945) and Eden & Green’s' (1940) method usmg 
amyl alcohol extraction, were mvestigated Tomp- 
sett’s (1934a) method proved unsatisfactory, but 
Eden & Green’s method gave excellent results 
The determination of copper m the ash presented 
no difficulties smee the only mterfermg ion hkely 
to be encoimtered was iron and that was firmly 
bound by the phenanthrohne The use of citrate as 
m Eden & Green’s method was contmued, however, 
smee it held calcium phosphate m solution when the 

solution was made alkahnewithammoma (Tompsett, 

19346) OngmaUy, total iron and copper were deter- 
mmed on separate samples, but m the hght of the 
methods of Parker & Griffin (1939) and Gerber, 
daassen & Boruff (1942), both elements were deter 
mmed m the same sa mp le 
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METHOD 

Apparatus and anticontamvnation precautions 

Great care had to bo taken to exclude every ohanoe of 
contamination by duat-bome and other extraneous iron 
at all stages of the procedure Water, redistflled over AgNOj 
from a pyrex all glass still, was used and reagents were 
specially purified where necessary It was found advisable 
to have a dust-proof cabmet (e g an old balance case) 
where tubes, flasks, reagents, etc could be left free from 
contamination at any stage of the procedure 
Pyrex narrow necked comcal flasks (260 ml.) were used 
for the momeration, and 10 ml graduated centrifuge tubes 
for the solutions after the development of the iron colour 
The copper colour was developed m 40 ml pyrex glass 
stoppered tubes When not undergomg heatmg, the flasks 
were covered with 60 ml. pyrex beakers The flasks were 
specially cleaned to prevent contammation from the glass 
When new, they were treated with hoihng cone HjSOj for 
e. 30 mm , and then with boilmg aqua regia Before use, 
they were treated each time with hoihng 20% (w/v) NaOH 
to dissolve deposited sdica (which appeared to cause erratio 
results) and then with hoihng aqua regia After acid treat- 
ment, the frasks were rmsed successively m tap, distilled 
and redistilled water and then mverted on a sheet of clean 
glass and allowed to dram Tubes and pipettes were cleaned 
by unmersmg in chromic mtno acid cleaning mixture (2 6% 
(w/v) CrO, m cone HNOj) overnight and nnsmg as above 
(Chronuo mtno acid mixture was found preferable to the 
conventional chromic sulphuno acid mixture When the 
oxidizmg properties of the acid were spent, the HNO, was 
recovered by diBtfllation ) 

Por the momeration stege, a heater to accommodate six 
flasks was constructed fiom two 1 kW electric firft elements 
placed end to end and mounted on a smtable fire proof base 
The elements were wired m parallel and rate of heatmg was 
controlled by a ‘Vanao’ transformer The elements were 
surrounded by a ‘fence’ of ‘Podite’ which projected to 
a height of approximately 3 m above their surface Along 
one side were cut six slots mto which the flask necks were 
placed when tiltmg was necessary 

To prevent contammation by dust whde the flasks were 
on the heater, a stream of completely dust-froe air was 
blown mto them The filter system was of the utmost im 
portance and after experiments the followmg tram was 
found to be the most efficient mam air supply, 6 lb /sq m , 
glass wool column, P 16 ‘ Aerox’ filter, P 27 ‘ Aerox’ filter 
m water, H_S04 wash bottle, trap The system was con 
neoted to a manifold with six outlets, these bemg connected 
by rubber tubmg to pieces of pyrex glass tubing bent so 
that they could be hooked on to the neck of the flask, with 
the outlet about 2 m from the bottom 

Reagents 

Sulphuric acid A-P grade acid was distilled tn vacuo 
over AgNOj to prevent volatdiration of traces of FeCl, 

Nitric acid A.P grade acid was purified as above 

Perchloric aad The 60% (w/v) acid was purified as above 
and collected as the constant hoihng acid of 72% (w/v) 
strength 

Ammonmin vanadate (0 25%,) This (0 25 g) was dis 
solved m 76 ml of redistilled water with heatmg, cooled 
a few drops of cone NH.OH solution added and the solution 


dilated to 100 ml The solution at first assumed a yellowish 
tmt which soon faded. 

Digestion mixture. The acids punfied as above were mixed 
m the proportions by volume H-SO^ (1), HCIO4 (1 6), 
HNOj (7 6) Vanadate solution (2 6 ml ) was added to 1 1 
of this mixture, givmg a concentration of c 6 pg /mL The 
mixture was prepared immediately before use smoe it 
tepded to extract iron from glass on standmg 

PhoKAphihalein (0 01 %) The mdioator (0 01 g ) was dis 
solved m 60 ml of ethanol and the solution diluted to 
100 mL With redistilled water with constant starring It 
was filtered (Whatman no 44 paper) before use 
Ammonium hydroxide (sp gr 0 880) A B grade material 
was sataafaotory after filtration through a Whatman no 44 
paper 

Hydrochloric acid (2N) A B grade acid was punfied by 
distdlation. The constant boding mixture obtamed (20 22% 
at 760 mm ) was diluted to 2 n (360 mL diluted to 1 L) 
Hydroxylammt hydrochloride (10%) The hydrochlonde 
(20 g ) was dissolved m 100 mL distilled water together with 
1 g of Caj(P04)j The solution was adjusted to pH 8 with 
NH4OH solution, warmed to flocculate the precipitate, then 
filtered through a Whatman no 44 paper The solution was 
then adjusted hack to pH 2 6 with punfied HCl and diluted 
to 200 ml 

o Phenonlkroline (0 26%) This was made up in 0 In HC3 
Acetate buffer, pH 4 6 Glacial acetio amd (60 mL) was 
dowly nentrahzed with lOn NaOH (phenolphthalem m 
dioator), the flask bemg well cooled with mnnmg water 
durmg the reaction A further 60 mL of glacial acetio acid 
were added and the solution diluted to 600 mL The reagent 
was punfied by the extraction method of Wanng & Werk 
maim(1943) as follows To the solution m apyrex separatmg 
funnel (with an ungreased tap) was added a solution of 
10-20 mg of 8 hydroxyqnmohne m 6 ml of redistilled 
metal free chloroform, and the mixture shaken vigorously 
for 1 mm , then rotated for 30 sec to cause the droplets to 
coalesce and sink The chloroform waa drawn off and the 
procedure repeated until this layer had only a ahght yellow 
tmt, two to three tunes usually bemg snffioient Emally, the 
solution was washed with 10 mL portions of chloroform until 
the chloroform extract caused no change m the colour of 
two to three drops of 20% feme alum solution after 
vigorous shakmg The punfied solution was then wanned 
to expel excess chloroform and finally filtered through a 
Whatman no 44 paper 

Ammonium citrate (50 % w/v) The reagent waa punfied 
by the extraction procedure deaonbed above for the acetate 
buffer 

Sodium diethyldithiocarbamate (2%) This was dissolved 
m redistilled water with gentle heat, and filtered through 
a Whatman no 44 paper each time before use to remove 
deposited sulphur, etc 

isoAmyl alcohol A.B grade primary tsoamyl alcohol 
could be used after one distillation, but commercial ‘ amyl 
alcohol’ could only be used after punfioataon by two to 
three distillations It was readily recovered after use by 
diymg over CaO followed by distdlation 
Stan dard iron solution A solution 6ontammg 100 pg 
Be'^^/mL was prepared from AJl NH-BelSO,), 12H,0 
(0 8636g/L01irHCI) “ ^ 

Standard copper solution This solution contamed 
100 fig CvA^/inl (0 3028 g of dry, reorystalhzed A B . 
CuSOj 6H,0/L 0 l2v HCI) 



432 W A 

The standards ivere diluted to give a'^ combined ivorkmg 
standard containing 20 fig re+++ and Cu’*^/nil All nor- 
mabties referred to are approximate 

Procedure 

The samples contammg 2—20 fig of iron and 
copper were pipetted mto clean flasks followed by 
10 ml of digestion mixture The flasks were placed 
on the heater and the air tubes inserted m the necks 
A gentle stream of air was passed through, and the 
heating carefully controlled until the initial frothmg 
period had passed (usually 3—6 mm after boihng 
commenced), and the heat was then turned full on 
When mtrogen peroxide fumes were evolved the 
flasks were removed from the heater and the air 
tubes removed The heat was reduced to half, and 
after a few minutes the flasks were returned to the 
heater m the tilted position The mcmeration was 
allowed to proceed until the solution was clear and 
the vigorous bubbhng hcl'd ceased, then the flasks 
were righted, the air tubes reinserted and the heat 
turned to full until aU the excess acid had been 
evaporated and a dry, white or pale yellow residue 
was obtamed The flasks were then removed from 
the heater, covered with beakers and allowed to 
cool 


JONES 

The ash was dissolved m 3 ml of redistilled water, 
two drops of phenolphthalem added and the solution 
neutralized with concentrated ammoma solution 
Normally, not more than one to flve drops were 
necessary The colour was discharged and pre 
oipitated calcium phosphate redissolved by the drop 
wise addition of 2N-hydrochloric acid To prevent 
undue exposure of the flask contents, the iron colour 
developmg reagents were mixed m the foUowmg 
proportions hydroxylamme (1 voh), o phenanthro 
hne (2 vol ), acetate buffer (2 vol ), and '1 26 ml of 
this rmxture were added to each flask The flasks 
were then heated to boihng and the sides washed 
down by swirhng the contents Maximal colour was 
obtamed m less than 30 sec The solutions were then 
transferred to 10 ml graduated centrifuge tubes 
with 6 ml of redistilled water and the solutions 
diluted to 1 0 ml If cloudy, the solutions were centn- 
fuged or allowed to stand overnight m a dust-free 
cupboard 

The measurement of colour was earned out with 
a photoeleotno absorptiometer agamst a water 
blimk, usmg two Ilford filters 603 and 604 (spectrum 
blue green and spectrum green) together Tlie peak 
transmission of this filter combmation corresponded 
closely with the maximal absorption of the ferrous 


Table 2 Recoveries of tron and copper 


Iron Copper 



added 

Found 

A 

Recovered 

Recovery 

Found 

A 

Recovered 

Recovery 

Medium no 

(f'g) 

(fig) 

ips) 

(%) 

(pg) 

(pg) 

(%) 

Controls 

6 0 

48 

48 

96 

48 

48 

96 

10-0 

96 

96 

96 

98 

98 

98 


10 0 

98 

98 

98 

10 1 

101 

101 


10 0 

97 

97 

97 

98 

98 

98 

BP 334* 

0 

26 

— 

— 

225 

— 

— 

50 

76 

50 

100 

27 6 

5 I 

102 


10 0 

12 2 

96 

96 

32 4 

98 

98 

BP 335 

0 

20 

— 

— 

14 6 

— 

— 

5 0 

71 

61 

102 

19 6 

6 0 

100 


10 0 

119 

99 

99 

239 

94: 

94 

BP 

0 

3 1 

— 

— 

20 6 

— 

— 

5 0 

80 

49 

98 

266 

6 0 

100 


10 0 

12 7 

96 

96 

30 2 

97 

97 

BP 336 A 

0 

36 

— 

— 

82 

— 

no 

6 0 

8 7 

51 

102 

13 1 

4 9 

Uo 


10 0 

13 3 

97 

97 

18 4 

10 2 

102 

BP^il 

0 

50 

23 

72 

49 

98 

11 9 

17 1 

62 

104 

BP 337 A 

0 

23 

— 

— 

68 

— 

no 

50 

73 

60 

100 

10 6 

4 8 

Uo 

BPZZ9 

0 

50 

40 

89 

49 

98 

5 4 

10 2 

48 

96 

BP 339 A 

0 

6 0 

3 1 
79 

48 

96 

72 

12 4 

62 

104 




Mean 

98 

Mean \ 

99 




Mean deviation 

±15 

Mean deviation 

±2 6 


* BP =papam digest of beef mnaole 
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phenanthrobne complex at 608 mji Usmg 2 cm 
cells, the ■working range was 0-20 Fe, but could 
be extended to 40 fig -with 1 cm cells and to 80 fig 
with 0 6 cm cells Beer’s law was obeyed and the 
molar extmction coefficient obtamed under these 
conditions ■was 11,160 

After readmg, the coloured solutions were quan- 
titatively tremsferred to the glass stoppered tubes 
using 6 ml of wash -water The foUowmg reagents 
were then added -with mixing to these solutions m 
the order given ammomum citrate (1 ml ), concen- 
trated ammomum hydroxide (1 ml ) and diethyl- 
dithiocarbamate (0 26 ml ) Exactly 10 ml of amyl 
alcohdl -were then added and the -tubes shaken for 
not less than 30 see m order to extract the copper 
complex completely This colour was read after 
IB TTiiri under the same conditions as for iron, but 
usmg two Ilford 601 (spectrum -violet) filters and an 
amyl alcohol blank The colour obeyed Beer’s law 
gi-vmg a molar extmction coefficient of 11,660 The 
ranges of working could be extended to 80 fig as 
■with iron 

The transmission -values obtamed for both colours 
were converted to concentration of the respective 
metal from a standard curve which was prepared by 
takmg a set of standards through the whole process, 
exoludmg ashing A blank on aU the reagents was 
earned out -with each set of determmations 


RESULTS % 

Table 2 gives an mdication of the accuracy of the 
method 

SUMMARY' 

1 A colonmetno method is described for the 
determmation of the iron and copper (0-20 fig ) of 
meat digests m the same sample Orgamc matter is 
destroyed by rapid wet ashmg -with a mixture of 
sulphuric, perchlonc and nitric acids, usmg vana 
dmm as a catalyst Special precautions agamst dust 
and reagent contammation are necessary 

2 A novel feature is the decomposition of the 
feme pyrophosphate complex by heatmg the ash 
solution -with phenanthrobne and a reduemg agent, 
mainmum colour, bemg developed m less than 
30 sec 

3 Copper is detenmned as the diethyldithio- 
carbamate complex, after extraction -with woamyl 
alcohol 

4 Mean recovenes obtamed are 98% (mean 
deination ±16 %) for iron and 99 % (mean de- 
■viation ±26%) for copper 

I am indebted to Dr C |G Pope for lus helpfnl advice 
dnrmg -the course of the -work and the preparation of the 
manuscript 
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Synthesis of a Sulphur -containing Analogue of Thyroxine 

By C R HARINGTON, National Institute for Medical Research, London, TF 3 

(Received 6 April 1948) 


It as generally accepted that the obvious physio- 
logical effects of the thyroid hormone, as ma^ested 
by its influence on the metabohc rate, are brought 
about by the peripheral action of the hormone on the 
tissues Although it is stiU not completely certam 
that the circulatmg hormone is free thyroYme itself 
the balance of evidence pomts m this direction 
(Harmgton, 1944), and this supposition is strongly 
supported by the recent work of Taurog & Chaikoff 
(1947) 

In addition to its effect m stunulatmg the meta 
bohsm of tissues, thyroxme has an action on the 
anterior pituitary gland m regulatmg the output of 
thjTotrophic hormone by the latter organ It is this 
effect which is responsible for the hypertrophy of 
the thyroid gland that results from treatment with 
one of the antithyroid drugs of the tluouracil type , 
under the action of these drugs thyro-one synthesis" 
m the thyroid gland is blocked, with resultmg 
diminution of the concentration of circulatmg 
thyroid hormone m the body, the response of the 
anterior pitmtary gland to this situation is to release 
more thyrotropluc hormone, which m turn produces 
overgrowth of the thyroid gland Conversely, if 
circulatmg thyroid hormone is mcreased by exo- 
genous a dminis tration, thyrotrophic hormone out- 
put IS diminished, and the thyroid gland passes mto 
a restmg state 

Themamtenance of normal conditions m the body, 
so far as thyroid hormone is concerned, must there- 
fore' depend on the precise relationship between the 
two actions of this hormone, namely its effect on 
tissue metabolism on the one hand and its effect on 
the anterior pitmtary gland on the other The 
question arises as to whether it is possible to dis 
sociate these two effects 

If such a dissociation could be brought about the 
results would be of considerable mterest A com 
pound possessmg the characteristic effect of thy- 
roxme on tissue metabolism but, lackmg its action 
on the anterior pitmtary gland would, if administered 
exogenously, produce a greatly exaggerated stimu- 
lation of metabohsm, smce its own mtrmsic action 
m tills direction would be unaccompamed by the 
restramt of thyroid gland activity imposed by 
diminution of thyrotrophic hormone output On the 
other hand, a compound actmg on the anterior 
pitmtary gland m the same way as thyroxme, but 
lackmg the power of the latter to stimulate tissue 


metabohsm, would brmg about inhibition of thyroid 
activity and an overall reduction m the metabolic 
rate 

The latter possibflity is the more mterestmg, for, 
■with the aid of such a compound, thyroid acti'vity 
could be controlled m a more rational manner than 
it can be by the so called antithyroid drugs The 
depression of th 5 T' 0 id function brought about by 
these drugs necessarily carries with it the likeldiood 
of simultaneous production of physical hypertrophy 
of the gland , a compound ha'vmg the properties dis 
cussed above should, however, dimmish thyroid 
function, m the sense of thyroxme output, without 
entadmg hypertrophy of the gland , its action should 
mdeed cause a hyperactive gland, such as that 
existmg m Graves's disease, to revert to the normal 
state The therapeutic potentialities of such a com 
pound are obvious 

Consideration on these hnes pomts to the de- 
sirabihty of examining the phj^iological action of 
compounds closely alhed m chemical composition ■to 
thyroxme itself Certam substances of this kin d are 
already kno-wn, namely the analogues of thyroxme m 
which the lodme atoms are replaced by bro min e or 
clilorme (cf Schuegraf, 1929) It was sho'wn many 
years ago by Gaddum (1929-30) that 3 6 3' 6' tetra 
bromothyrorune had the same quahtative effect as 
thyroxme, although m much lower degree Tlie 
action of this compound, and also that of the chlorme- 
contammg analogue, have recently been mvestigated 
m human myxoedema (Lerman & Harmgton, 1948), 
both have proved ■to be capable, m appropriate 
doses, of restormg the metabohsm of a myxoede- 
matous patient to the normal level In so far as 
these substances exhibit the characteristic pen 
pheral effect of thyroxme, therefore, they do not 
seem to be promismg from the present pomt of view , 
however, their action on the anterior pitmtary gland 
remains to be mvestigated and the possibihty exists 
that tins may predommate over the penpheral effect , 
if such be the case it should be possible, by their 
admmistration at the correct level of dosage, to 
produce a dimmution rather than an mcrease in the 
rate of metabohsm 

In the meantime it has seemed desirable to make 
available for study qmte a different type of thyroxme 
analogue and for this purpose the compound (I) was 
selected, it ■will be seen that tlus is identical ■with 
thyroxme save that sulphur replaces c^ygen as 


435 


Vol 43 

the element linking the two benzene rmgs 
appeared hkely on general grounds that the sulphur 
containing derivative could be synthesized on the 
same Imes as thyrovme itself (cf Hanngton & 
Barger, 1927) Sq far as the early stages of the 

I I 

^CH, COOH 

I 

I 

synthesis are ooncemed this mdeed proved to be the 
case, and it was possible, startmg with 4 metboxy- 
thiophenol and 3 4 6 tmodomtrobenzene, to obtam 
3 6 ditodo 4(4' meihoxy)phenylsulphidobenzaldehyde 
(n) by a senes of reactions precisely similar to those 

I 

r 

n 

employed m the thjrroxme synthesis , the yields m 
the diphenyl sulphide senes were m fact rather better 
than in the diphenyl ether senes 

Quite unexpectedly, however, the synthesis of 3 6- 
divido 4 (4' hydro3}y) phmylavdphtdophmylalantm 
(in) from the aldehyde (H) could not be earned out 

I 

HO <:3s<^ch. GH(NHJ CX)OH 

m 

by the modified Erlemneyer method (cf Hanngton 
McCartney, 1927) Condensation of the aldehyde 
(n) with hippunc acid gave the azlactone m excellent 
yield, and tlus m turn could be smoothly converted 
mto the correspondmg bemamtdocxnnarmc acid, but 
when either tlus compound or the azlactone itself 
was boiled with hydnodic acid, acetic acid and red 
phosphorus, elirmnation of the lodme atoms readily 
occurred and the product consisted of a mixture of 
partly and completely deiodmated matenal Many 
attempts were made to circumvent this difficulty by 
modification of the conditions, but without success, 
e\ en treatment mth dilute hydnodic acid m acetic 
acid, as employed by Lamb & Robson (1931) m the 
stepwise conversion of azlactones and benzamido 
cinnamic acids mto ammo acids, faded to give a 
satisfactory result 

In the case of duodothyromne (Harmgton & 
^IcCartney, 1927) the analogous com ersion of the 
azlactone or benzamidocmnamic acid can be earned 
out m good jneld, although even here more recent 
experience has shown that too prolonged bodmg 
vnth the Indnodic acetic acid mixture and phos 
phorus causes more or less deiodmation It is clear 
boil ov cr, that the labihtj of the lodme atoms m the 


corresponding diphenyl sulphide derivative is much 
greater, and an alternative route from the aldehyde 
to the ammo acid had to be found 

Success was attamed quite simply as follows The , 
aldehyde (II) was reduced to the corresponding 
alcohol by means of alumimum wopropoxide, the 
alcohol was converted mto the chloride and the latter , 
condensed with ethyl acetamidomalonate , appro- 
priate treatment of the resultmg ester with a mixture 
of hydrobromic and acetic acids gave the hydroxy- 
duodoammo acid (HI) m satisfactory yield and final 
lodmation m ammomacal solution afforded the 
desired thyroxme analogue (I) 

In acute experiments the thyroxme analogue was 
non toxic to mice m doses up to 0 6 g /kg (sub- 
cutaneous) and 0 26 g /kg (mtravenous) Tested on 
tadpoles {Xenbpus laema) it accelerated metamor 
phosiB, its activity m this respect bemg approxi- 
mately one fifth of that of thyroxme More detailed 
studies of the physiological action are now ih pro- 
gress 

EXPERIMENTAL 

3 6 Ditodo-4(4:' melhoxyjphenylsulphtdonitrobenzene ^ 4 6 
Tmodomtrobenzene (86 5 g ) was dissolved m dioxan 
(176 mL) and 4-methoxytluophenol (26 ,ial ) (Snter & 
Hanson, 1932) was added The imxtmte was vigoTonsly 
stirred at room temperature while NaOH (17 3 mL of lOx) 
was run m Heat was developed and orystaXhne material 
soon began to separate Stirring was oontmued for 30 min 
after which a sample diluted with water had a neutral 
reaction 

Water (about 2 voL) was then added with further stirring , 
the precipitate, which was first oily but soon crystallized, 
was collected and washed with water It was reoiystalhzed 
from acetic acid, from which it separated m long bright 
yellow needles, m p 140° The melting pomt was unchanged 
by further orystaUization from methyl ethyl ketone Yield 
78 g (92%) (Found S, 6 2,1, 49 7 CuH,O^SI, reqmres 
S, 6 2, 1, 49 6% ) 

3 6 Ditodo-4{4' melhoxy)phenyUv.lphxdoanilxne Stannous 
ohlonde (110 g of the dihydrate) was suspended m-acetio 
acid (600 ml ) and brought mto solution by saturation with 
HCl while bemg stirred and heated to about 70° on a water 
bath The above mtro compound (73 6 g ) was then added 
as a suspension m acetio acid (260 ml ) The water hath was 
brought to the bod, vigorous stirrmg and rapid mtro 
duction of HCl bemg contmned. The reaction appeared to 
be complete m about 46 miiu as shown by saturation with 
HCl and no further separation of stanmchlonde, after 
a further 16 mm the mixture was cooled and the stanni 
chlonde of the base collected and washed with cold acetio 
acid. It was then ground up and shaken well with NaOH 
solution (1600 ml of 3 x) and the base collected and washed 
with water The base was dissolved m ether (3000-3600 mL) 
and the ethereal solution washed with 200 ml of 2x NaOH, 
dned over NaOH pellets and saturated with HCl The 
precipitated hydrochloride was collected, washed with ether 
and dried. The yield was 63 g (84%) After reorystalh 
zation from ethanol contammg a httle HCl it had m p 166- 
168° (Found N, 2 6, S, 6 6 Ci^Hi^ONSI, HGl requires 
,N, 2 7, S. 6 2%) ^ 


SULPHIJB-CONTArNING ANALOGUE OF THYROXLNE 

It 
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The free 6a^e was prepared by dissolving the hydro 
chloride m absolute ethanol, adding excess of ammonia to 
the hot solution and diluting with water After reorystalh 
zation from butanol it formed colourless fern shaped 
crystals, m.p 177° (Found N, 2 7, S, 6 9 CuHiiONSr* 
requires N, 2 9, S, 6 6% ) 

3 6 Jlnodo-4(4' meihoxy)phenylsulphtdobenzontlrtle. A so 
lution of cuprous cyamde was prepared by mixing NaCN 
(213 g ) dissolved m water (490 mL) with CuSO* 6H,0 
(260 g ) m water (970 ml ) The hydrochloride of the above 
base (62 g ) was powdered and suspended m acetic acid 
(620 mh) , the stirred suspension was treated with amyl 
mtnte (16 ml.) which was added qmckly, the sohd passed 
mto solution withm a few mmutes The solution thus pre 
pared was added slowly with stimng to the cooled cuptona 
cyamde and the mixture warmed to about 80° to complete 
the reaction The precipitate was collected, washed with 
water and boiled out with three successive quantities of 
chloroform The chloroform extracts were dried and 
evaporated to a low bulk, when crystallization set m. After 
thorough coolmg the crystals were collected and recrystal- 
lized firom methyl ethyl ketone, the solution bemg cooled m a 
freezmg mixture There was thus obtamed 28 4 g (65%) of 
a product, meltmg at 149° after some smtermg, which was 
pure enough for the next reaobon After further reciystaUiza- 
tion from methyl ethyl ketone the compormd formed pale 
yellow hexagonal prisms, m p 160° (Found N, 2 6, S, 
6 6, 1, 61 4 Cl, HjONSI, requires N, 2 8, S, 6 4, 1, 61 6% ) 

3 6 Diiodo-m'-fndhoxy)phenylsulphidobeTizaldehyde (II) 
SnClj (60 g ) was suspended m d^ ether (220 ml ) and 
brought mto solution by stirrmg and saturatmg with HCL 
A solution of the above mtrfle (28 16 g ) m dry chloroform 
(76 mL) was added, stirrmg and mtroduotion of HCl bemg 
contmued for 6 hr After standmg overnight the mixture, 
which consisted of an upper pale yellow and a lower deep 
orange coloured layer, was treated with crushed ice and 
evaporated tn vacuo until all the orgamo solvents were 
removed The sohd residue was heated with ddute HCl to 
the boihng pomt and, after coolmg, the crude aldehyde was 
taken up m chloroform, the chloroform solution was shaken 
with aqueous NajSjOs (300 mL of 30% (w/v)) and the 
bisulphite compound which separated was collected, washed 
with ether and decomposed by warmmg with dilute H^SO, 
The aldehyde was crystallized from acetic acid from which 
it separated m large pale yellow needles, m.p 134° (un 
changed by further recrystaDization) The yield was 18 6 g 
(66%) (Found S, 6 3, I, 60 6 Ci,HjoO,Sli requires S, 
6 46,1,61 2% ) 

Adadone. The above aldehyde (11 1 g ), hippunc acid 
(4 g ) and fused sodium acetate (11 1 g ) were ground up 
together, the mixture was treated with acetic anhydride 
(70 mL) and heated on the boding water bath for 15 mm 
with mtenmttent stimng After coohng, the mixture was 
stirred with a large volume of water containmg some HjSO, 
until the acetic anhydride was decomposed. The product 
was collected, washed with water and dned The yield was 
13 9 g (97 %) of practically pure azlactone, m p 224° 
After reorystallization from acetic acid, m which it is very 
sparingly soluble, it formed yellow needles, m p 228° 
(Found C, 43 0, H, 2 35, S, 6 0 CuHijOjNSIj requires 
C, 43 2, H, 2 6, S, 6 0% ) 

3 5 DitodoA{4:' methoxy)phenyhulphidoben 2 amtdoctnnamic 
acid The azlactone (9 6 g ) was added to a boihng mixture 
of ethanol (960 ml ) and 6 n NaOH (60 mL) , the sohd passed 
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rapidly mto solution and boihng was contmued for 10 mm 
after this had happened The solution was acidified while 
hot with concentrated HOI and dduted with an equal 
volume of water This caused separation of the product m 
gelatmons form The acid was brought mto solution with 
ammoma and the boihng solution agam acidified, boihiig 
was contmued for a few mmutes after which the precipitated 
acid was almost completely crystaUme The yield of acid, 
collected after coohng, was quantitative ReorystaUized 
from aqueous dioxan it formed bunches of pale yellow 
needles, m p 246° (decomp ) (Found S, 4 7 CuHi,0,NSI, 
requires S, 4 9% ) 

As already indicated, all attempts to convert either this 
acid or the azlactone mto 3 6 duodo.4(4' methoxy) phenyl 
Bulphidophenylalanme were fimstrated by the ease with 
which the lodme atoms wore ehmmated on treatment with 
hydnodic acid and red phosphorus 

3 6 i)iiodo-4(4' melhoxy)p}ienylsulphtdobenzyl alcohol 3 5 
Diiodo.4(4' methoxylphenylsulphidobenzaldehyde (6 g ) 
was heated to gentle boihng under a reflux air condenser 
with a mixture of aluminium wopropoxide (20 mL of 
approximately n solution m tsopropanol), toluene (10 ml ) 
and isopropanol (10 mL), a slow stream of N, was bubbled 
through the solution until evolution of acetone ceased 
(about 3J hr ) The solution was evaporated to dryness tn 
vacuo and the residue was ground up with dilute HCl, 
collected and washed with water The moist filter cake was 
crystallized from acetic acid, m which it was very soluble, 
the product, which separated m colourless prismatic needles, 
mp 132°, amounted to 4 6 g (90%) (Found S, 6 6, I, 
60 3 CiiHjiOSIj requires S, 6 4, 1, 61 0% ) 

3 6 Ihiodo-4{4' meihoxy)phtnylsulphtdobenzylchlonde,Th6 
above alcohol (3 g ) was dissolved m warm dry chloroform 
(16 mL) The solution was cooled in ice water and to the 
resultmg crystalhne paste PCI5 (1 5 g ) was added. The 
mixture was shaken with contmued coolmg untd practically 
all the sohd had passed mto solution, it was then kept at 
room temperature for 2 hr A small amount of precipitate 
was removed by filtration and the filtrate was diluted with 
about 2 voL of light petroleum (b p 60-80°), this produced 
a slight brown flocoulum which was removed The filtrate 
was then washed with water, NaHCO, solution (thoroughly) 
and agam with water, it was dried over CaCI. and evaporated 
in vacuo The residue crystallized almost at once, it was 
recrystalhzed from a smaU volume of acetic acid from 
which it separated m colourless rhombs, m p 110° One 
further reorystallization raised the m p to 112°, The 3ueld 
was 26 g (83%) (Found 8, 6 3, 1,48 7 CuHuOSCH, 
requires S, 6 2, I, 49 1 % ) 

Ethyl 3 5 diiodo 4(4' melhoxy)phcnylstdphidobenzylactt 
amidomalonatc. A solution of sodium (0 1 g ) m ethanol 
(6 mL) was prepared and, after cooling, ethyl acetamide 
malonate (0 84 g ) was mtrodneed, there was then added 
a solution of the above ohlonde (2 g ) m dioxan (6 ml ) The 
mixture was boded under reflux, separation of NaCl soon 
began, and the reaction was complete m 2J hr On cooling 
and ddution with water an ody precipitate wah produced 
which soon crystallized, this was collected, washed with 
water and reciystalhzed finm ethanoL The ester formed 
colourless prismatic needles, m p 138-140° The yield was 
226g (836%) One farther recrystallization from ethanol 
raised the mp to 144° (Found 0, 39 8, H, 3 8, 8, 4 6, 

I, 36 2 Cj,HuO,N8I, requires C, 39 6, H, 3 6, 8, 4 6, 

I. 36 4% ) 
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3 4 Diio(io.4(4' hydroxy)phenylsvlphtdop'henyldlan\ne 
( TTT ) Prolonged boilmg of the above ester with mixtures of 
hydrobromio and acetic acids caused oonaiderahle darken 
mg with formation of tar and correspondingly poor yields of 
the desired ammo acid. It was assumed that of the three 
hydrolytic reactions occurring, deaoetylation, de-eatenfl 
cation and demethylation, the last would he the slowest, 
an experiment was therefore earned out to determme the 
in\m\m'nTT' tsmh required for this reaction. In this expen 
ment anisic acid was boiled under reflux with forty parts 
of a mixture of equal volumes of HBr (6 n) and acetic acid, 
samples bemg withdrawn at mtervals for estimation of the 
phenol (p hydroxy benzoio acid) content The results showed 
that demethylation was substantially complete (96-100%) 
m 2 hr 

The ester (6 g ) was therefore boiled under reflux for 2 hr 
with a mixture of HBr (120 ml of On) and acetio acid 
(120 ml ) The solution was evaporated to dryness tn vacuo 
and the largely orystallme residue was boiled with water 
(about 260 ml ) and filtered hot through a wet paper to 
remove tar The filtrate was brought to the boil and 
cautiously neutralized to about pH 6 0 with sodium acetate 
The heavy granular precipitate which separated was ool 
lected after ooohng, washed with water and redissolved m 
a mixture of 80 ml ethanol and 20 ml n NaOH On 
bofling this solution and addmg acetio acid rapid separation 
of the ammo acid occurred m tufts of colourless needles, 
mp 262“ (deoomp ) The yield was 3 06 g (66%) (Found 
C, 33-0, H, 2 4, S, 61, I, 46 9 CisHuOjNSI, requires 
C, 33 26, H, 2 4, S, 6 9, I, 47 0% ) The oompouqd gave 
a runhydrm reaction with a reddish hue, and a positive 
MiUon reaction It was practically insoluble m water and 
only very sparmgly soluble m dilute aqueous mmeral acids 

3 6 Diiodo 4(3' 6' ditodo 4' hydT(Kcy)phenylsulpl»do 
phenykdantne (I) The duodoammo acid (3 6 g ) was dis 
solved m ammonia (144 mL of sp gr 0 880) , this solution 
was treated drop by drop with 1^ in KI (8 2 mh of 4 31 N) 

A small amount of tarry material separated towards the 
end of the reaction After all the lodme had been added the 
solution was evaporated to dryness in vacuo and the 
residue, which was already xwrtly orystallme, was dis 
soiled m boiling OlNNajCO, (about 1000 ml), a little 
insoluble matter wa^ removed by filtration and the filtrate 
was brought to about pH 6 0 at the boilmg pomt by 
addition of dilute HCL The partly orystallme precipitate 
was collected after cooling and dissolved m a mixture of 
lOQ ml ethanol and 40 nth n HaOH, the solution was. 


brought to the boil and cantiously treated with acetio acid. 
Just before neutrahty was reached a pigmented flooculent 
precipitate separated, this was removed hy^ filtration as 
rapidly as possible, the filtrate was brought to the hod and 
the aoidifioation with acetio acid completed. The ammo 
acid separated m rosettes of tiny needles The yield was 
3 6 g (68 %) For complete punfioation the crystallization 
was repeated as above, again with removal of a slight 
pigmented floooulum, and the product was then obtamed 
m sheaves of small but well formed needles which were 
almost colourless, m,p 226“ (decomp ) (Found 0, 23 6, 
H, 16, 8, 4 0, I, 64-0 CisH^OaNSL requires 0, 22 7, 
H, 14, S, 4 0, I, 64 0%) The compound resembled 
thyroxme closely m its general physioal properties and 
Boluhihties , it gave with mtensity the colour reaction with 
nitrous acid and ammonia which is givpn by thyroxme 
and many other ©.^nodophenols 

SUMMARY 

1 The possibihty is discuflaed of controUmg 
thyroid function by means of compounds mhibitmg 
the output of thyrotropbic hormone from the 
anterior pituitary gland 

2 It is pomted out that such compounds may 
occur among chemical analogues of thyroxme The 
symthesis is described of 3 5-diiodo 4(4' hydroxy)- 
phenylsidphtdopheriylalariine, a sulphur contaimng 
analogue of thyroxme, which is designed for the test 
of this hypothesis 

After this synthesis had been planned and begun I learnt 
by chance that Hr Paul Block, jtmr , had done some pie 
hmmary expenmente on similar hnes which oironmstanoes 
had compelled him to mterrupt Smoe Dr Block did not 
have the parttoular theoretical mterest m the work which 
IS mdioated by the mtroduotion to this paper, and since 
the early resumption of his experiments was impossible, 
it was agreed that the synthesis should be completed m my 
laboratory I wiah to express my appreciation of Dr Block’s 
attitude m this matter, and also of his generosity m giving 
me valuable information about the most favourable con 
ditions for oanymg out the first reactiou. 

1 am mdebted to Dr W L M. Perry for carrying out the 
toxioity tests and to Dr A. S Parkes for the tests on tad 
poles Jfy thanks are also due to Mr W Hiokford for 
teohiucal assistance 
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PoUomag the isolation of lanthiomne from aUcah- 
treated wool by Horn, Jones & Rmgel (1941), 
Cuthbertson & Philhps (1945) demonstrated that 
two major reactions of the combmed cystme oc- 
curred durmg treatment of wool with dilute alkalis, 
one leadmg to the formation of lanthionme and the 
other by a reaction analogous to one previously 
studied by Bergmann & Stather (1926) leadmg to 
the production of combmed a ammoacryhc acid 
They also found that reactions previously suggested 
by Speakman (1936) and Philhps (1936), givmg rise 
to — S NH — and — ^H=N — hnkages m the fibre, 
did not occur 

These latter linkages had the great merit, how- 
ever, of explammg certam aspects of the phs^sical 
behaviour of wool fibres which could not be readily 
explamed on the basis of the two reactions formulated 
by Cuthbertson & Philhps (1946) Thus, if a wool 
fibre 18 extended m cold water and boiled m a rmldly 
alkahne buffer for some tune, it remams permanently 
elongated and will not return to its ongmal length 
even when it is boiled m water m the absence of 
tension If a deammated fibre is similarly treated, 
however, far from acquirmg a permanent set, it wiU 
‘ supercontract ’ m boilmg water to a length less than 
its ongmal unstretched length Speakman’s chemical 
theory of set explamed the settmg of the untreated 
fibre as bemg due to the formation of stabdizmg 
— S NH — hnkages, whilst the impossibihty of 
fonnmg such hnkages m deammated fibres leads to 
supercontraction H the settmg of wool fibres by 
treatment with dilute alkah is attributed to the 
formation of lanthionme cross linkages, no ex- 
planation IB afforded of the failure to set and the 
supercontraction of deammated fibres Two hypo 
theses may, however, be considered (o) the action 
of alkah on deammated fibres is different m im 
treated and deammated wool, or (6) the mech anis m 
of set IS fundamentally physical rather than 
chemical Evidence is presented m the present 
paper to show that the combmed cystine of de- 
ammated wool does behave m a different manner 
towards alkalis Under the conditions used by 
Speakman m his mvestigation of the physical pro- 
perties of fibres, however, the difference m reactivity 
is shght, and to this extent the results support the 
physical mechanism of set proposed by Blackburn & 
LmdJey (1948) 


METHODS 

The wool used was a commercially scoured and dry 
combed mermo wool of 64’s quahty purified by successive 
extraction with benzene, ethanol and water All analyses 
were earned out on wool conditioned m a controlled atmo 
sphere at 21° and 65% relative humidity, but are recorded/ 
as percentages of the dry weight Total S was determmed 
by a modification of the Benediot-Denis method (Barntt, 
1934), SO4" S and S oxidizable to SO^” were detennmed on 
the acid hydrolysate of the wool (1 g hydrolyzed for 4 hr 
with 6 n HCl) by Blumenthal A Clarke’s (1936) method, 
thiol and disulphide S by the method of Shmohara (1935 a, b), 
nsmg a Spekker absorptiometer, methiomne S was calou 
lated from a detennmation of ‘volatile iodide’ nsmg 
Baemstem’s (1936) technique Total N was determmed by 
micro Kjeldahl procedure, ammo N on intact wool by the 
method of Lmdley & Philhps (1947), arg inin e by Viokeiy’s 
(1940) method Cysteio acid was semi quantitatively esti 
mated by companng the mtensity of colour and spot size 
given on a filter paper stop by a known amount of wool 
hydrolysate (260 fig ) with known amounts of cysteio acid 
usmg phenol 0 1 % NH3 coal gas (Consden, Gordon & 
Martm, 1944, 1946) For lanthionme, a s imil ar method 
was used after removal of aspartic and glutamic acids by 
Amberhte I R 4 at pH 3-4 (Consden, Gordon & Martm, 
1948) nsmg 6 fd of hydrolysate eqmvalent to 80 /ig of 
wooL Some mterference from oystme Btdl occurs after 
removal of glutamic and aspartic acid, however, and m 
some of the later determmations the hydrolysate was 
treated with Br, This oxidizes cystme to cysteio acid and 
thus prevents mterference The sulphosade of lanthionme 
also formed by the action of Br, has a somewhat lower Bj, 
value than lanthionme so that the danger of overlappmg 
with the serme spot no longer exists (It is hoped to develop 
a quantitative method for lanthionme on these bnes 
nsmg starch columns (Elsden & Synge, 1944) ) The wool 
was deammated by the method of Speakman & Stott 
(1934) 

Allah treatment of the deaminaied wools Deammated 
wool (3 g ) was boiled under reflux for vaiymg periods m 
376 nd of the foUowmg buffers pH 8 2 (8 06 g bone acid 
plus 6 7 g sodium borate/l , observed pH 8 22), pH 9 18 
(0 06 m sodium borate, observed pH 9 18), pH 10 0 (2 68 g 
bone acid and 4 4 ml of 40% (w/v) NaOH m 1 L, observed 
pH 10 4, solution was brought to pH 10 by addition of 
Hd) In each case the wool was washed with water, dried 
and conditioned before analysis 

The measurement of the settmg properties of deammated 
wool was made m a frame similar to that used by Speakman 
(1936) 
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filter paper confirmed the fact tlvat lysine was absent 
from a hydrolysate of once deammated wool, but 
a strong spot corresponding to a amino-t-hydroxy- 
caproic acid was observed Lmdley & PhiUips (1947) 
had no diflfioulty m acetylatmg all the ammo groups 
of wool at room temperature The argmme content 
of once deammated wool was found to be 4 8 % com- 
pared with 10 2 % for untreated wool It would 

Table 1 The S dtstnbidum and amtno N content of wool svbjccted to repeated deaminatwn tr'eatments 


No of 
deaTQinatioii 

Total S 

Thiol + diBul 

phide S 

Br-ondizable 

8 +804“ as S 

Methionine S 

Ammo N 

treatments 

(%) 

(%) 

(%) 

(%) 

(mg/g wool) 

0 

3 68 

3 05 

0-26 

015 

3 05 

1 

3 67 

2 61 

0 22 

0-16 

1 27 

2 

3 67 

2 49 

0-36 

016 

126 

Z 

3 63 

2 49 

034 

016 

126 

4 

3 49 

243 

0-33 

016 ' 

109 


RESULTS 

Analysts of deammated wool 
Table 1 lists analyses of untreated wool and wool 

which had been deammated up to amaximum of four 

times under the conditions used by Speakman & 
Stott (1934) The results show that some oxidation of 
oystme S has occurred m the first deammation, but 


that httle further attack takes place on repeated 
deammation It can also be seen that the ammo N 
of the wool 18 reduced substantially, but not com 
pletely, by repeated deammation This is somewhat 
surpnamg smce the method of calculation (extra 
polation back of the straight Ime portion of the 



Fig 1 The rate of liberation of nitrogen from deammated 
wool on treatment with nitrons acid. ® — ®, untreated 
wool, X — X, deammated wool, A — A> thnce de 
animated wool 

curve rolatmg time and mtrogen evolved (Ruther 
ford. Hams Smith, 1937)) suggests that liberation 
of the ammo N (excluding argmme) is complete m 
30 min treatment -mtli mtrous acid (cf Pig 1) 
Moreot or, two dimensional chromatography on 


appear, therefore, either that the method of cal- 
culatmg the ammo N figures does not apply to 
deammated wool or that the peptide bonds of 
deammated wool are photosensitive It was noted 
that t37TOsm6 was absent from two dimensional 
chromatograms of deammated wool 

It will be seen that once deammated wool contains 
0 79 % S unaocounted for either as cystme, methio- 
mne, sulphate S or Br oxidizable S (‘non disulphide 
S’), compared with 0 22 % non -disulphide S for un- 
treated wool Of this S, 0 2 % was found to be 
present as cysteio acid formed by oxidation of 
cystme durmg deammation, and both untreated and 
deammated wools contamed about 0 2 % of lan- 
thionme S, but the remainmg 0 4 % of non-disul- 
phide S of deammated wool remains umdentified 

Phy steal properties of deammated fibres 

Speakman (1936) found that deammated fibres 
spontaneously contracted to a length less than their 
ongmal length on immersmg m bodmg 0 06 m borax 
solution In order to confirm that our deammated 
fibres behaved similarly, two deammated and two 
untreated fibres were measured before and after 
.bodmg m 0 06M-borax solution for 10 rmn The 
deammated fibres showed supercontraotions of 30 
and 23 % , compared with 1 6 and 1 9 % for the 
untreated fibres, thus confirmmg Speakman’s obser- 
vations 

Speakman also noted that deammated fibres 
would hot take a permanent set m steam or borax, 
thus, two fibres, one untreated and the other de- 
ammated, were extended 36 % and steamed m the 
stretched condition for 6 hr Steatnmg was then 
mterrupted and both fibres showed no recovery On 
steammg m the absence of tension, however, the * 
deammated fibre rapidly contracted, eventuaUy 
(480 mm) bemg 46% shorter than the ongmal 
length, whereas the untreated fibre still remamed 
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permanently elpngated by 20 % Figs 2 and 3 show 
the settmg properties of our untreated and de- 
anunated fibres (a) on settmg m boiling water for 
3 hr and (6) m 0 06M-borax for 30 min at 100°, 



Fig 2 The rate of release of set of untreated and de 
ammated 1700 ! fibres, in boiling water, after being set- 
extended in water at 100° lor 3 hr © — @, untreated 
wool, X — X , deammated wool 



Fig 3 The rate of release of set of untreated and de 
ammated wool fibres m bofimg water after being set 
extended m bofirng 0 6m borax for 30 mm © — ©, nn 
treated wool, x — x, deammated wool, A — A» thnce 
deammated wool 

respectively It will be seen that our deeimmated 
fibres retam more set than Speakman’s (Cotswold) 
fibres That this was not due to moomplete de- 
amination was shown by the sunilanty m properties 
of once and thnce deammated wool It thus pro- 
bably represents a difference between the wools used 
by Speakman and that used m the present m- 
vestigatioU Other differences of this kmd have 
already been observed (Blackburn & Lmdley, 1948) 

The S dietnbution of deamvtuUed wools after 
hoihng w^th buffers of pH 8 2-10 

The S distnbution of deammated wool which has 
been treated for different penods of tune with boihng 
^buffer solutions of pH 8 2, 9 2 and 10 0 is shown m 
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Table 2 From these analytical results the loss of 
disulphide S, and sulphur loss are calculated as 
foUowB I 

Loss of disulphide S =[thiol S disulphide S m deammated 
wool] - [thiol S disulphide S m alkah treated deammated 
wool]. 


S loss = [total S — Br oxidizable S + sulphate Sm deammated 
wool] -[total S - Br oxidizable S-f- sulphate S m alkah 
treated deammated wool] 

These values are shown m Table 3, together with 
the results of serm-quantitative lanthiomne estuna 
tions earned out on some of the treated wools The 
cysteic acid content, equivalent to about 0 2 % S, 
remamed unchanged after alkah treatment 

Compared with untreated wool (Cuthbertson & 
Philhps, 1946, Lmdley & P hilli ps, 1946) the results 
are compheated m this case by the occurrence of 
substantial quantities of umdentified S m the fibre 
The simplest explanation of the results, however, 
would seem to be that the cystme breaks down m the 
normal manner to give both lanthiomne and com- 
bmed a ammoacryhc acid, whilst the umdentified S 
partly remains unchanged, and partly decomposes 
with complete loss of sulphur from the fibre Thus 
the maximum lanthiomne produced m deammated 
wool (c 0 8 % S) plus half the umdentified S 
(0 6 — 2ie 03%) IB eqmvalent to the 1 0-1 2 % , 
lanthiomne S which is the maximum normally 
found for vtrgm wool after alkah treatment 

Table 4 gives the ammo N content of some alkah- 
treated, deammated wools Subject to Jihe reser- 
vations noted above, the results are mterestmg m 
showmg an mcrease m ammo N on alkah treatment 
m contrast to the decrease found m alkah-treated 
virgm wool by Cuthbertson & Phillips (1946) It 
would seem possible, therefore, that the peptide 
bonds m deammated wool are less stable to alkah 
than 18 the case with untreated wool Although the 
values are small they may, nevertheless, unply con- 
siderable changes m the average length of^ieptide 
ohams and could thus greatly mfiuence the physical 
properties of deammated fibres 

The S distnhutton of deanvinated wool before and 
after treatment with dilute alkalis at room _ 
temperature 

A new batch of deammated wool was used for 
these expenmente Its S distribution, before and 
after treatment with solutions of sodium hydroxide 
and banum hydroxide, is shown m Table 6, whilst 
Table 6 lists the derived S distributions of these 
wools 

These results contrast very sharply with those of 
Cuthbertson & Philhps (1946) on virgm wool, m 
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Table 2 The S dxstnbulton of deaminated wool before and after treatment 
with boiling buffer solutions of pH 8 2^10 

Nature of treatment 




f 

Tune of 

Thiol + disul 

Br-ondizable 



^ pH of 

treatment 

phide S 

S+SO4 as 8 

Methionine S 

Total S 

Duffer 

(hr) 

(%) 

(%) 

(%) 

(%) 

— 

0 

2 61 

0 22 

016 

3 67 

82 

06 

226 

0-23 

015 

3 37 


1 

206 

0 29 

016 

3 34 


2 

1 80 

0 27 

0-16 

3 29 


3 

161 

0 27 

016 

3 11 

1 

4 

119 

0 32 

016 

3 02 


6 

108 

034 

0-16 

2 89 

918 

026 

1 68 

0-70 

0-16 

3 28 


0-6 

119 

0-73 

016 

3 08 


1 

0-72 

0-65 

015 

2 69 


2 

064 

064 

016 

246 


4 

0-54 

0 33 

016 

217 

10 0 

0-26 

162 

060 

0-15 

3 07 


06 

0 69 

0-45 

015 

2 70 


1 

046 

046 

016 

2 53 


2 

042 

0-39 

016 

218 

Before deamination 

3 05 

0-26 

016 

3 68 


Table 3 The non-disulphide S, disulphide S loss, S loss, and lanihvmine content of deaminated wool 

after boiling with buffers of pH 8 2-10 


Nature of treatment Increase m 



ll 

Time of 

Non 

non disnlphid 
8 on olWi 

pH of 

treatment 

disulphide 8 

treatment 

buffer 

(hr) \ 

(%) 

(%) 

1 

0 

0-79 

0 

8 22 

06 

0 74 

-0 05 


1 

084 

0 06 


2 

1-07 

017 


3 

1 18 

0 39 


4 

137 

0 68 


6 

1 32 

0-63 

918 

0-25 

0 75 

-0 04 


0-6 

101 

0 22 


1 

1 17 

0-38 


2 

1 14 

0-36 


4 

1 15 

0 36 

10 0 

0 25 

0 80 

0-01 


06 

161 

0-72 


1 

148 

0-69 


2 

122 

0-43 

Before deammation 

0-22 



Disulphide 8 



loss 

8 loss 

Lanthionine 8 

(%) 

(%) 

(%) 

0 

0 

0 20 

0 26 

0 31 

0-35 

046 

0-40 



0 71 

0-43 

- 

100 

0 61 

- 

1 32 

0 76 



143 

090 

0 80 

083 

0 87 

0-45 

132 

1 10 

__ 

1 79 

148 

— 

1 97 

163 

0 70, 

197 

181 


0 99 

0 98 

040 

192 

120 


2-06 

132 

. 

209 

1 66 

— 

— 

— 

0 20 


•which lonthionine was rapidly formed A slow 
breakdown, presumably of the Bergmann & Stather 
(1926) tj'po, occurred m the baryta treatment, but 
was not eindent at all m treatments -with sodium 
lij droxide until the normahty reached 1 0 The 
present results m deammated -wool, however, show 
that the major reaction occurring throughout is of 
tho ^rgraann A, Stather type with complete loss of 
sulphur from tho fibre, and the results -with baryta 
suggest that this occurs not onh with the cystme 
but also with tho unidentified S 


Table 4 The amino N content of deaminated wool 
before and after boiling with buffers o/pH 8 2-10 


Nature of treatment 


pH of 
buffer 


Tune of 
treatment 
(hr) 


— 0 

822 3 

918 2 

10-0 0-5 

Before deamination 


Ammo N content 
(mg/g -wool) 

1 27 

2 30 
2 30 
213 
3-05 
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Tflbl© 6 The S dwCfthuiion of deOittivncUcd wool hefove utid uJIct trealTnctit 
with dilute solutions of NaOH and I3a(OII)2 at room temperature 

Nature of treatment 



Tune of 

Thiol +disul 

Hr oxidizable 



Eeagent 

treatment 

phide S 

S+SO4 as S 

Methionme S 

Total S 

(hr) 

{%) 

(%) 

(%) 

(%) 

— 

0 

2 62 

0 47 

016 

3 67 

0 In NaOH 

06 

2 27 

0 35 

015 

3 33 


26 

1 82 

0 46 

0 16 

3 16 


46 

168 

0 62 

0 16 

2 87 


7 

123 

0-46 

016 

2 68 


16 6 

0 88 

060 

0-16 

2 36 


24 

0 82 

0 61 

016 

224 


48 

0 73 

0 61 

016 

2 16 

0 In NaOH 

1 

211 

0 63 

0 16 

3 16 

0 5n NaOH 

1 

0 81 

040 

0 16 

2 19 

1 On NaOH 

1 

044 

0 32 

016 

1 68 

0 385n Ba(OH)j, 

025 

147 

0 32 

016 

240 


06 

1 28 

0 63 

0-16 

2 26 


1 

0 82 

0 58 

016 

225 


2 

0 61 

0 68 

0 16 

1 68 


4 

0 43 

034 

016 

108 


G 

024 

0 34 

016 

101 


Table 6 The non-dtsidphtde S, dtsidphide S loss, S loss and lanthionine content of deaminated wool 
after treatment with dilute NaOH and Ba(OH)2 solutions at room temperature 


Nature of treatment 


Increase m 




1 ' 

\ 


non disulphide 





Tune of 

Non disulphide 

S on alkah 

Bisulphide S 




treatment 

S 

treatment 

loss 

S loss 

Lanthiomne S 

Reagent 

(hr) 

(%) 

(%) 

{%) 

(%) 

{%) 

— 

0 

0 63 

0 

0 

0 

0 20 

0 In NaOH 

06 

0 56 

0 03 

025 

0 22 

0 30 


25 

0 72 

019 

0 70 

0-61 



46 

0 62 

0 09 

094 

086 

■ - 


7 

0 84 

0 31 

1 29 

0 98 

0 40 


16 6 

0 72 

019 

164 

145 



24 

0 76 

023 

1 70 

147 




48 

0 76 

023 

1 79 

1 66 

— 

0 In NaOH 

1 

0-26 

-0 27 

0 41 

0 68 

- - 

0 6n NaOH 

1 

083 

0 30 

171 

141 

— 

1 ON-NaOH 

1 

0 77 

024 

2 08 

184 

0 70 

0 385n Ba(OH), 

025 

046 

-0 07 

105 

1 12 

— 


06 

0-30 

-023 

124 

147 

- — 


1 

0 70 

017 

1 70 

1 63 

— 


2 

0 34 

-0 19 

191 

2 10 

— 


4 

016 

-0 37 

2 09 

246 

— 


6 

0-28 

-0 25 

2 27 

2 63 

— 


DISCUSSION 

The results obtained m the present mvestigation are 
important m providmg another example of how the 
reactivity of a particular group (i e the disulphide 
bond of cystme) can be altered by modifications of 
other groups m the protem molecule (cf Lmdley & 
P hilli ps, 1947) The observation that lysme is absent 
from hydrolysates of deammated wool, but that 
a-ammo e-hydroxycaproic acid is present is of some 
importance m confirming accepted views on the 
mode of linkage of lysme The spot corre^ondmg to 


a ammo-e-hydroxycaproie acid was only found in 
hydrolysates of deammated wool and was not noted 
m alkah treated, deammated wool 

Nothmg definite is known of the fate of arginine 
durmg deammation of wool The first product might 
be citruUme which, accordmg to Wada (1933), would 
form prohne m boihng hydrochloric acid Pure 
citrulhne, however, under our conditions of hydro- 
lysis (6 n-HC 1, 24 hr ), was found by paper chromato- 
graphy to be partially changed to ormthihe, without 
formation of prohne No evidence of omithme was 
found m the chromatograms of hydrolysates of 
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doarainatcd ^^ool Another possible product of 
doammation of arginine, a nmino 8 hj dro\y vnloric 
acid, IS also stated by Sorensen ( 1 906) to form probno 
on acid b> drclj-sis (cone In drocbloric acid at 1 50°) 
Probno estimations wore, tberoforo, carried out on 
bjdrolj-sates of dcammatoil and untreated wool, 
using partition ebromatograpby of acotnmido acids 
on silica gel (Gordon, Martin A Simge, 1943, Tns 
tram, 194G) No increase was found in the probno 
content of the bj drotj-sato of the doamiiiatod woo! 
Thus the mccbaiiism of breakdown of the combined 
arginmo of the wool under these conditions remains 
obscure 

The results present a nuinlier of interesting points 
specificaUy concerned with the structure of w ool So 
far ns is known at present, reagents wliicli cause 
supercontraction of unstrotebod \ irgin w ool (i o 
ot keratin) do so by fission of the disulpbido bonds of 
cj-stmo when cloa\ngo is coupled with thermal 
agitation Tlio solo exception to this is potassiiim 
cyanide solution wlucb Cut bbortson <L Phillips (1945) 
found to produce lantbionine, but which Spoakmnn 
(1936) claimed caused supcrcontrnction of human 
hair Numerous oyponmonts in this laboratorj, 
however, lin\ o failed to confirm Speakman's obser- 
vation, and wohavonover obtained suporcontraction 
of wool fibres or hair in cj anido solution Dcnminated 
wool would, bowel or, seem to proindo a genuine 
exception to this rule since it supercontracts rcadilj 
m borax solution at 100° wntb formation of sub 
stantial quantities of lantbionine Our dcnminated 
fibres, for instance, sujiercontractcd bj 20-30 % in 
10 nun in boiling borax solution, reference to Tables 
2 and 3 shows that after 15 min at this pH and 
temperature the deaminated wool still contains 
1 7 % cystme S ond 0 46 % lantbionine S Compared 
with deammated wool, this represents a docroaso of 
0 66 % S and, even compared to untreated w ool, a 
loss of only 1 1% S present' as covalent cross 
hnkages The work of Carter, Jliddlobrook &, 
Philhps (1946) makes it improbable that such a 
degree of sulphur breakdown would load to super 
contraction 

The results on the settmg of deaminated fibres are 
also difficult to reconede with the chemical theory of 
setting Thus, comparison of the present results wnth 
those on the action of alkalis on untreated wool 
(Lmdley & PhiUips, 1946) shows that the course of 
the reaction is not greatly influenced by the prior 
deammation treatment so far as boihng in weakly 
alkahne buffers are concerned, except to the extent 
that cystme S is destroyed by the^deammation This 
seems to be fairly constant and amounts to not more 
than 0 55 % of cystme S which could form 0 27 % 
of lanthionme S, or about 26% of the maximum 
amount of lanthionme produced m wool m mildly 
alkahne buffers at 100° Whilst it is possible that 
this 26% may exert a decisive influence on the 


plixsical properties of tho wool fibre, it seoms pro- 
bable m \ low of cviilonco from other sources (Black- 
burn A Lindlot, 1918) that c\8tmo roaclitity docs 
not plat tho docisno rolo in tho mechanism of tho 
sotting of wool fibres m mildly alkaline buffers wlucb 
has been attributed to it by Spoakman (1930) 

Wilh tbo abandonment of tho — S NH — and 
lanthionino linkage as tlio important factors m tbo 
sotting of w ool in mildlv alkaline buffers at 100°, tbo 
confirmation m tho present work of Speakman’s 
findings that deamination profonndh affects tho 
sotting properties raises another \ory important 
point w ith regard to w ool structure Tlius Spcakinan 
Hirst (1933) siiggestoil that the basic and acid 
side chains of wool wore present ns salt linkages 
between peptide chains, and tho stability of tho wool 
molecule lias licon regarded by Spoakman ns licing 
primariK duo to these salt hnkages and co\nlont 
sulphur bonds On tins \now, tboreforo, and ac 
cepting tlio suggestion that sulphur rcactvx ity docs 
not play a docisi\o part m sotting under these con 
ditions, it might be possible to regard set ns being duo 
to breakdown of tho ongmal salt linkages followed 
b\ reformation of now ones m tho extended state 
Such a h\-pothesi8, howo%er, implies that masking 
of tho acidic side chains would affect tho setting 
properties of wool m (ho samo wa\ as modification 
of tho basic side chains by’ deamination In point 
of fact, Blackburn ik Lindloy (1948) found that wool 
in which tho free carboxy 1 groups w ore ostenfied by 
treatment wnth methylating agents bchasod in 
exactly tho opposite monnor to deammated wool, 
1 o thoir sotting properties w ore enhanced, and they’ 
showed a diminished tendency to suporcontract in 
bisulphito solution Apart from tho possibility that 
tho results on deaminated w ool arc duo to some effect 
of nitrous acid on groups other than tho basic side 
chains, two further possibilities may' bo borne in 
mind (1) tho ammo groups play a decisuo part in 
set by’ fonnmg a stable chemical cross Imk of un- 
known cliarnctor, or (2) tho basic and acidic sido- 
cliams of wool have entirely’ separate and distinct 
functions m tho structure of wool, i e the salt- 
Jinkngo hypothesis must bo abandoned The first 
hypothesis is rendered very unlikely by the obser- 
vation of Cuthbertson &- Phillips (1946) that the 
reaction of wool with mtrous acid is little affected 
by pnor alkoh treatment Tho second suggestion 
18 supported to some extent by the regularities in. 
basic "ammo acid composition foimd m keratins by’ 
Block (1930), whilst present (admittedly meagre) 
evidence suggests no such regularity of the di- 
carboxyhc acid contents of keratins IVitli the 
apparent demohtion of the long parallel peptide 
Cham theory of wool by Farrant, Rees &, Mercer 
(1947), the field would now seem to be clear for an 
entirely new synthesis of our knowledge of the 
structure of wool 
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SUMMARY 

1 The reaction of the sulphur of deanunated wool 
with alkalis has been studied 

2 It has been found that, excluding the cystine 
destroyed dunng deamination, the deanunated wool 
behaves very similarly to untreated wool with 
mildly alkahne buffers at 100° , m particular lan- 
thionme ib formed 

3 With stronger alkalis at room temperature, 
however, deanunated wool behaves m an entirely 
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different manner from untreated wool and no Ian 
thiomne is formed 

4 An exanunation of some of the physical pro 
perties of deanunated wool has been made wluch 
has m general confirmed earher observations of 
Speakman (1936) 

6 Difficulties m reconcilmg the physical pro 
perties and the present chemical evidence with 
current views of wool structure are discussed 

ThanksarednotoDrH Philhps for suggesting the research, 
and to the Director and Cknincd of the Wool Industnes 
Research Association for permission to pubhsh this paper 
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The Effects of Progressive Nutritional Hypoprotemaemia 
on the Extracellular -Fluid Phase and Plasma 
Colloid Osmotic Pressure m Rats 


By S E DICICER (Beifc Memonal Fellow) 
Department of Pharmacology, University of Bristol 

^Received 2 February 1948) 


Many theories have been advanced to explam the 
mechamsm of oedema formation imder conditions of 
malnutrition It is widely accepted that the mam 
factor concerned is a deficiency of dietary protem, 
which m turn results m the depletion of the protems 
of the body and particularly of those of the blood 
plasma According to Starlmg’s (1896) hypothesis 
a decrease m the plasma protems results m a fall of 
the plasma colloid osmotic pressure, a decreased 


abfiity to retam water m the capillaries, and a 
diffusion of flmd into the tissues Support for the 
accepted theory has been provided both by animals 
fed on a protem-deficient diet (Kohman, 1920, 
Fnsch, Mendel & Peters, 1929, Dicker, Heller & I 
Hewer, 1946) and by human bemgs suffering from 
tile so called ‘hunger oedema’ (Gounelle, Bachet & 
Marche, 1942, Govaerts & Leqmme, 1942, Molhson, 
1946) However, Metcoff, Favour & Stare (1946) 
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claimod tlint feeding ruts mth a protom doficiont 
diet for several daj’s produced no more than a slight 
decrease of the concentration of plasma proteins, 
whereas prolonged feeding with a soinowhat less 
protein -deficient diet did not affect the plasma pro 
toms Furthermore, among clinical cases of ‘ hunger 
oedema', reported diimig and after the last war, a 
largo proportion (seventeen in fortv three m the 
Govaerts 5. Lequimo (10-12) senes) hod a normal 
plasma protem lev el, with a correspondinglj high 
colloid osmotic pressure Fmally, electrophoretic 
analj-sis of the plasma proteins of subjects suffering 
from cxpenmcntal vmdomutntion did not show ani, 
hypoprotcmaemia or a change m the albumin/ 
globidm ratio (Koj s, Taj lor, llichclson Honschel, 
1046), oven though some of them hatl developed 
visible oedema However, an incrcnso of the thio 
cyanate space (and therefore verv lihelv of the 
eictracellular flmd phase) was found m all these sub 
jects whether they had dev eloped oedema or not 

In vnew of these contradictor} findings, tho water 
and electrolyte distribution in skeletal muscle, in 
brer and m brain wore studied m senes of rats fed 
on a low-protem diet Tho extracellular- and intrn 
cellular water phases of these tissues wore estimated 

JfETHODS 

Exptnmcnlal anmaU Adult male albino rats weighing 
270-320 g were used 

Standard did {ST) Control rats were giren tho following 
diet casein 18, wheaten starch 20 5, hardened ground 
nut od 0, dned yeast 11, salt mixture (Hawk A Bcrgeim, 
1942) 3, cod liver od 2, water 27 5% Each animal received 
dady c 20 g of this food, representing c 00 kg cal 

Vtgdabh loic-protcin did (fumip did = TT) Tho diet was 
modelled on that of Kohmnn (1020) and of Fnsch d al 
(1929) with fresh turnips taking tlio place of fresh carrots, 
and was the same as that used by Dicker d al 11940) It 
had the following composition fresh turnips 85 6, wheaton 
starch 7, hardened ground nut od 1 2, salt mixture 4 2, 
cod liver oil 2 1% In addition, each animal received a 
mixture containing 30 pg ancunn, 60 pg riboflavin and 
Img mcotmic acid Fresh turnips contam c 0 8% of 
protem 

The supply of this diet was not restnqted It was found 
that each nnimal ate c 60 g dady, which represented an 
intake of abont 36-40 kg cal (The Medical Research Ckinncil 
War Sfemorandum (1046) was used for tho calculation of 
calorific values ) 

Low catein, high carbohydrate did {LCOT) Tho composition 
of this diet -was as follows casein 0 5j wheaton starch 64-0, 
hardened ground nut od 7 5 % , salt mixture, cod liver oil, 
vitamm B and tocopheryl acetate m the same amount os 
in the TT diet and water 31 7% 

Of this food 100 g represented 303 6 kg cak This diet 
differed essentially finm the TT diet m that the deficiency 
of calories due to the low protem content was compensated 
by an moreased quantity of starch and fat Each rat 
received about 20 g of this mixture representing a daily 
mtake of 60 kg cal , comparable with that provided bv the 
ST diet , 


All rats had free access to water 

Procedure jVIl rats were fed on tho standanl diet for 
about 4 weeks, before being put on an experimental diet 
Senes of rats on TT diet were killed after 7, 14 or 42 da} s 
Tho rats on LCT diet w ere killed after 70 da} s Immediatcl} 
after death, bloml samples were taken and tho stomach 
and tho small intestine (up to tho caecum) were removed 
and weighed Tho two rectus abdominis muscles and two 
samples of tho liver were excised and tho brain removed 
and cut sagiltall} Muscle, hver and brain samples wero 
weighed in weighing bottles and annl}'zcd for their Cl”, Xa, 
K and water content 

Analytical data collected Tlio following were determined 
for each rat (a) the content of water. Cl", XM, K and X 
of Iicpannirod plasma, (b) tho content of vvater. Cl”, Xa 
and K of muscle samples, (c) tlio content of water, Cl”, X'a 
and K of liver samples, (d) the content of water. Cl”, Xa 
and K of brain samples 

Preparation oj miMc/e, hicr and brain tisriih for Xa and 
K ddcrininalion A known quantit} of minced muscle, Iiv cr 
or brain was woshocl into a digestion tube with 10 ml of 
dist died water and allow c<l to stand overnight The mixture 
was then boiled for 20 min Tlio boding was repeated twice 
at interv als of 3 hr After the last boding tho mixture was 
allowed to settle, and the supernatant liquid was decanted 
into a 10 ml volumotno flask Xo filter was used and the 
devneo proposed by McCnnco A Shipp (1033) was adopted 
Tho flask was cooled and its contents made vip to the mark 
It has been shown b} Callow (1029) and McCancc A Shipp 
(1933) that Xa and K oro quantitatively extracted from 
muscle tissue b} this method The sarao method was 
applied to tho extraction of Xa and of K from liver and 
bmm samples 

!i ofer ddcrmination iii pfasino and (issues The water 
content of plasma, muscle, hv cr and bmm was obtained bv 
drying plasma and tissue samples at 104° for 48 hr 

Estimation of plasma colloid osmotic pressure Kevs A 
Taylor’s (1036a) method and appamtus were used 
Duplicate readings wero made and corrected to 37° Tho 
suspending and outer buffer fluid was made up ns follows 
KH jFO, 0 050 mol ft , KOH 0 0305 mol ft Tho pH was 7 2 

Defatting of tissues To express tho water content of 
muscles as ml /lOO g of fat-free tissue, oxtmctlon of neutml 
fat was corned out according to Hnstmgs A Eichelberger 
(1037) Tho same tochniqno of fat extraction was apphed to 
bram samples (Manory A Haatmgs, 1939) 

Cl” determination Cl” m plasma was determined bv 
Whitohom’s (1921) method, using a 0 02}, JJH,CNS sola 
tion For mnsdo, liver and brain tissue, tho titrotion wns 
earned out after aad digestion (Hostings A Eichelbeiger, 
1037) 

Na dderminalton, Xa in plasma and m tissue extracts 
was determined colonmetncally by tho method of McCanco 
A Shipp (1931) 

K determination K m plasma and in tissues was deter- 
mined by Kramer A Tisdall’s (1921) method as modified by 
McCance A Shipp (1933), using the ompincal factor 0 12 

Protem ddermination in plasma The plasma N content 
was estimated by a micro Kjeldahl method The digestion 
was earned out with SeO„ and contmned for 6 hr after 
the oleanng of the solution (Hoch A Jilarraok, 1045) The 
N was estimated colonmetncally, after nesslenration, and 
the protem concentration (m g /lOO ml ) wns calculated by 
multiplying the figures for N by 0 25 
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The albumm fraction was estimated by the same method, 
the glohuhn havmg been precipitated by sodium sulphite 
(Campbell & Hanna, 1937) 

Estimation of the extracdlular fluid phase of a tissue The 
extracellidar space of a tissue can be expressed either per 
100 g of fat-firee sohds or per 100 g of fat-fixe wet tissue 
(Harrow, 1946, Fulton, 1946) The first method gives a 
better correlation between changes of the fat free sohds 
and their constituent N, P and K, on the other hand, the 
relationship between fat-free sohds and tissue water, Cl~ 
and Na is not precise (Harrow, 1946) As changes of water. 
Cl and Na content of tissue were the mam object of the 
present investigations, the second method was dehberately 
adopted 

The extracellular flmd phase was expressed m terms of 
Cl (or Na) space The method of calculating the Cl” space 
was that of Eichelberger (1939) 

ExtraceUnlar water (ml /lOO g tissue) = 

mg Cl~/100g tissue X plasma water content 
mg CN/lOO g plasma x 1 04 

To calculate the Na space a similar formula was used 
Extracellular water (ml /lOO g tissue) = 

mg Na/100 g tissue x plasma water content 
mg Na/100 g plasma x 0 95 

The cellular phase (g /lOO g tissue) = 100 - extracellular 
flmd phase 

Calculation of the intracelliilaT fluid phase of a tissue The 
mtraceUular flmd phase was obtamed by subtraotmg the 
figure for the extracellular flmd phase from that of the 
total amount of water in 100 g tissue 

Statistical treatment Student’s 't' test for small samples, 
as described by Fisher (1944), was used for estimation of the 
significance of means The probabihty ‘P’ for ‘P was 
obtamed from Fisher & Yates’s (1943) tables 

RESULTS 

External appearance of rats on protein-deficient diets 

Rats fed on TT diet for 7 and 14 days looked pier- 
fectly healthy, though their weight haH decreased 
by 17 and 23 % respectively However, rats fed on 
TT diet for 6 weeks looked emaciated Their loss of 
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body weight amounted to 33% Their coats lost the 
normal smooth appearance, but the skm of the tad 
and feet was smooth No ophthalmia or diarrhoea 
was noticed 

Rats fed on the low protem, lugh carbohydrate 
diet {LOT) lost 30% of their weight in 70 daj^ 
Nearly all of these animals showed large patches of 
alopecia, either on the back or on the head They did 
not look emaciated 

Gross post mortem findings in rats fed on protein 

deficient diets 

The post mortem findmgs were as foUoivs nothmg 
abnormal noted m rats fed on TT diet for 7 or 14 
da 3 m Oedema of the prepuce was observed m some 
of the rats which had received it for 6 weeks No 
ascites was found m the present senes About two 
thirds of the ammals had ‘moist’ tissues, while the 
remamder seemed to be abnormally ‘dry’ None of 
the thoracic or abdommal organs showed any 
changes, m particular the hver appeared entirely 
normal ’The latter findmgs conform to those made 
with a previous senes of TT rats (Dicker et al 1946) 
No ascites was found m LOT rats All these animals 
had fatty deposits m the abdomen , their hvers had 
a markedly fatty appearance 

Changes in plasma water concentration 

There was no significant decrease m the plasma 
solids of rats fed on TT diet for 7 days as compared 
with control rats («= 1 312, P= 0 2), nor was there 
any 8igntfi(;iant change m the protem concentration 
of their plasma (Table 1 ) But after 2 weeks on TT 
diet there was a marked mcrease m the plasma water 
accompamed by a decrease m the plasma protem 
concentration Expressed m terms of plasma sohds, 
there was a fall of 16%, while the protem level fell 
by 10% (Table 1) 

The dilution of the plasma became more apparent 
the longer the period of malnutrition after 6 weeks 
on TT diet the fall m the plasma sohds and m the 


Table 1 Effect of protein-deficient diets on the total water content of plasma, 
muscle, liver and brain of rats 

('The values are means and standard errors In parentheses, number of rats All values for muscle and brain are expressed 
per 100 g fat-firee tissue ) 


Treatment of rats 

Fed on a standard diet {ST) 

Fed for 7 days on a protem- 
defioient diet {TT) 

Fed for 14 days on a protem 
deficient diet {TT) 

Fed for 42 days on a protem 
deficient diet {TT) 

Fbd for 70 days on a low casern 
diet {LCT) 


Plasma protem 
concentration 
(g /lOO ml ) 

7 06 ±0 090 (27) 

6 76±0 331 (9) 

Plasma water 
content 
(g /100 ml) 

91 4±0 13 (27) 
91 8±0 16 (9) 

Muscle water 
content 
(g /lOO g ) 

76 7±0 32 (27) 
76 0±0 61 (9) 

Liver water 
content 
(g'/ioog) 

714±0 31 (27) 
72 6±0 48 (9) 

Bram water 
content 
(g /lOO g ) 

83 6±0 24 (11) 
82 7±0 21 (9) 

6 46 ±0 213 (^9) 

92 7±0 21 (9) 

77 0±0 23 (9) 

72 3 ±0 76 (9) 

82 2±0 12 (9) 

6 02±0 137 (29) 

93 2±0 16 (29) 

77 2±0 28 (30) 

74 9±0 39 (30) 

83 3±0 41 (12) 

4 91±0 186 (6) 

93 6±0 16 (6) 

74 2±0 66 (6) 

68 3±i 70 (6) 

82 9 ±0 70 (6) 
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concentration of proteins was 21 and 27% ro 
spectuelj' (Table 1) 

Tile same phenomenon vms noticed iji rats fed on 
a low casern diet (LOT) for a longer period In spito 
of the gross accumulation of fat in the body, plasma 
sobds and protems fell by nearly 30 % 

Changes in the ‘ivatcr content of tissues 

No changes in the total water content of muscles 
were found m animals Inch had been fed on TT diet 
for 7 daj-s ns compared ■vnth control rats (/ = ! 130, 
P>0 2) (Table 1) Ho’i\o\or, the In or already 
showed a slight mcronse of its total water content 
(/ = 2 010. P<0 1) 

Table 1 shoM's changes in total water content of 
muscles. In er and bram m rats fed on TT diet for 
14 and 42 daj's 

IMien comparing total water content of muscles 
and In er of rats after 42 dajs of TT diet and after 
70 daj-s on LCT diet, it will be scon that the latter 
ammals had significantU less water in tlioir tissues 
than the former (/ = 4 411, P<0 001, and t~5 600, 
P<0 001), the water content of muscle and In or 
samples from LCT rats was actually comparable 
with that of control rats 

Changes in the ionic composition of plasma and tissues 

Plasma Changes m the chloride, sodium and 
potassium concentration of plasma m TT rats 
durmg varying jienods of obaon ation are sliomi m 


Table 2 Comparing these changes with those of the 
plasma w ater (Table 1 ) in the same rats at corro 
sponding periods, it w ill bo soon that changes in the 
lomc pattern are independent of those of plasma 
water content, i o occasional decreases m plasma 
sodium (after 7 dojii) or chloride concentration (after 
14 dnj's) aro not the result of a dilution of the 
plasma 

Tho indopondonco of the concentration of the ions 
m plasma from that of tho plasma uater emerges 
o\ on more cloarl j w hen tho changes in tho potassium 
lo\el of tho plasma aro considered tho potassium 
los cl m tho plasma of TT rats rose during tho u hole 
period of obson ation, in spite of tho rising dilution 
of tho plasma In the LCT rats, it remained im 
afrccted 

Tissues It w ould Ixi tempting to assume that tho 
fact that chloride and sodium were not diluted bv 
an increased amount of voter m plasma was the 
result of an intlus. of these ions from tho tissues 
How o\ er. Table 2 sliow-s that so far ns chloride and 
sodium are conccmctl, their concentration increased 
significantlj m muscle and in liver {t = 7 620, 
P<0 001 nndt = 3 231, P<0 001) Thiswa8nlread% 
apparent in rats fed on a turnip diet for 7 daj s onK 

Comparing Tables 1 and 2, it wall bo seen that, ns 
in plasma, changes in tho chloride and sodium con 
contration of muscle and In or were independent of 
tho concurrent changes in their water content But 
m contrast to that of muscle and h\ or tissues, tho 


Table 2 Ionic composition of plasma, musdc, liter and brain in normal and hi/poprotcinaemic rats 


(The values are means and standard 
per 100 g fat-free tissue ) 

Treatment of rats 


Fed on a standard diet (ST) 

Fed for 7 days on a protein 
deficient diet (TT) 

Fed for 14 days on a protein 
defieient diet (TT) 

Fed for 42 days on a protein 
deficient diet (TT) 

Fed for 70 days on a low 
casern diet {LOT) 


Fed on a standard diet (ST) 

Fed for 7 days on a protein 
deficient diet (TT) 

Fed for 14 days on a protem 
deficient diet (TT) 

Fed for 42 days on a protein 
deficient diet (TT) 

Fed for 70 days on a low 
casern diet {LOT) 


In parcntlicscB, number of rat s All 


Cl" 

Na 

K 

n cquiv /I 

(ra cquiv ft 

(m-equi\ ft 

water) 

watef) 

water) 


Plasma 


83 2i2 34 

128 3 ±7 05 

6 0±0 20 

(27) 

(18) 

(17) 

84 0 ±3 08 

n9 3±7 63 

6 0±0 27 

(0) 

(0) 

- (0) 

83 7 ±4 90 

124 0 ±0 94 

0 0±0 26 

(0) 

(0) 

(0) 

86 9 ±2 77 

108 3±2 12 

7 1±0 58 

(29) 

(11) 

(11) 

810±2 03 

120 0±2 40 

6 1±0 20 

(0) 

(0) 

(0) 


Liver 


33 0±2 80 

310±2 09 

112 8±7 63 

(11) 

(10) 

(10) 

414±2 99 

6O7±6 01 

103 7 ±4 87 

(9) 

(0) 

(9) 

40 2±0 66 

60 0±3 00 

97 8db8 13 

(9) 

(9) 

(9) 

30 4±2 66 

48 7±3 24 

93 8±3 61 

(11) 

(11) 

(11) 

49 0±2 69 

67 2±6 21 

120 0±6 63 

(0) 

(6) 

(6) 


values for muscle and brain arc expressed 


cr 

Na 

K 

(m cquiv ft 

(m cquiv ft 

(m cquiv ft 

water) 

water) 

water) 


Afusclo 


20 2±0 47 

28 8±I 48 

120 2±7 73 

(17) 

(17) 

(17) 

27 8±0 82 

36 2±3 69 

107 0±6 78 

(9) 

(9) 

(9) 

31 5±1 01 

40 6±1 42 

112 4±7 14 

(0) 

(9) 

(0) 

40 7±2 44 

09 6±4 23 

90 0±3 84 

(29) 

(11) 

(11) 

37 2±2 09 

00 0 ±4 00 

107 9±6 30 

(0) 

(0) 

(0) 


Bram 


42 7 ±2 89 

49 0±3 60 

124 0 ±10 61 

(0) 

(10) 

(10) 

411±2G9 

62 3±4 37 

129 6±6 20 

(9) 

(9) 

(9) 

38 0±1 76 

B6 6±2 42 

118 6±3 03 

(9) 

(9) 

(9) 

39 1±3 27 

69 6±3 26 

114 4±4 44 

(11) 

(11) 

(11) 

417±125 

68 4±3 30 

109 7±8 89 

(6) 

i 

(6) 

(0) 
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lomc composition of brain samjples remamed coixr 
stant during the whole period of observation 
(Table 2) 

Such changes m the water content and m the lomc 
composition of plasma and tissues made it likely 
that variations had occurred m the amount of extra- 
cellular water m muscle and hver 

Extracellular -fluid phase of tissues 

In normal rats fed on a standard diet {ST) the 
chloride space of muscle, hver or bram was com- 
parable with, and almost equal to, the sodium space 
(Table 3) It will also be seen from Table 3 that the 
extracellular -flmdpha^e was of characteristic magm- 
tude m each of the tissues mvestigated and showed 
httle variation m mdividual normal animals 

However, m TT rats, the extracellular flmd phase 
of muscle and hver was mcreased This morease was 
already significant after 7 days it amounted to 44 % 
m muscles and to 60 % m hver It mcreased steadily 
The mcrease after 6 weeks amounted to 163 and 
66% of the normal 


1948 

In Table 3 all data obtamed for rats kept on TT 
diet for 42 days were pooled, irrespective of the fact 
that about one thud of these ammals had parti- 
cularly dry and thm muscles But the mdividual - 
figures obtamed from analysis of muscle samples 
of such ‘dry’ animals showed a marked mcrease m 
the extracellular-flmd phase, amountmg to nearly 
140% Whether ‘dry’ or ‘wet’, all the TT rats had 
therefore a marked ‘oedema’ of theu tissues It 
follows that there was no essential difference be 
tween the two types of protem-deficient animals 
(Dicker, 1947) 

In rats fed on a low casern, high carbohydrate diet 
(LOT) the extracellular flmd phase of muscle and 
hver was also mcreased The mcrease amounted to 
120 and 70 % respectively It is thus clear that the 
mcreased extracellular-flmd phase of TT and LOT 
rats was not the result of a deficiency of calories 

It could thus he shown that there were signs of 
early oedema m the tissues of rats fed on a protem- 
deficient diet This morease of thfe extracellular flmd ^ 
space developed m spite of normal plasma protem 


Table 3 Extracellular- and intracellular -fluid phases {chloride and sodium) 
of tissues of normal and hypoproteinaemic rats 


(The values are means and standard errors In parentheses, number of rats 
per WO g fat-free tissue ) ExtraceUular flid phase 

' (ml/lOOg) 


All values for musde and bram are expressed 

Intracellular flmd phase 
(mL/lOOg) 

, , 


Treatment of rats 
Ped on a standard diet {ST) 

Fed for 7 days on a protem- 
deficient diet {TT) 

Fed for 14 days on a protem- 
deficient diet {TT) 

Fed for 42 days on a protem- 
deficient diet {TT) 

Fed for 70 days on a low- 
casern diet {LOT) 

Fed on a standard diet {ST) 
Fed for 7 days on a protem 
deficient diet {TT) 

Fed for 14 days on a protem 
deficient diet (TT) 

Fed for 42 days on a protem- 
deficient diet {TT) 

Fed for 70 days on a low- 
casern diet {LOT) 

Fed on a standard diet {ST) 
Fed for 7 days on a protem 
deficient diet {TT) 

Fed for 14 days on a protem 
deficient diet {TT) 

Fed for 42 days on a protem 
deficient diet (TT) 

Fed for 70 days on a lo-w 
casern diet (LCT) 


16 

24 

32 

44 

36 

22 

34 

38 

35 

36 

38 

38 

40 

40 

41 


or 


Na 


Cl" 


Na 




Muscle 



7±0 60 

(27) 

16 8±103 

(17) 

- 69 0±0 60 

(27) 

68 8±1 11 (17) 

1±154 

( 9 ) 

281±3 68 

( 9 ) 

50 8±1 74 

( 9 ) 

46 9±3 94 (9) 

3±2 78 

( 9 ) 

301±189 

( 9 ) 

44 7±2 72 

( 9 ) 

47 0±1 83 (9) 

8±1 90 

(29) 

43 6±2 08 

(11) 

32 4±1 64 

(29) 

33 6±0 70 (11) 

0±3 63 

(6) 

36 8±2 01 

(6) 

37 3±3 66 

(6) 

37 4±2*27 (6) 





Liver 



6±2 60 

(11) 

213±166 

(10) 

48 6±2 06 

(11) 

601 ±2 03 (10) 

3±2 64 

( 9 ) 

36 2±2 23 

( 9 ) 

38 6±2 97 

( 9 ) 

37 6±2 94 (9) 

1±2 66 

( 9 ) 

34 8±2 73 

( 9 ) 

34 2±2 57 

( 9 ) 

48 0±2 74 (9) 

4±2 66 

(11) 

32 6±191 

(11) 

30 5±2 62 

(11) 

42 3±2 14 (11) 

0±2 03 

(6) 

36 4±3 22 

(6) 

29 3±2 07 

(6) 

32 8±4 09 (6) 





Bram 



6±3 31 

( 9 ) 

401±3 00 

(10) 

449±3 24 

( 9 ) 

43 5 ±2 89 (10) 

7±2 62 

( 9 ) 

43 0±4 82 

( 9 ) 

43 2±2 81 

( 9 ) 

39 5±4 90 (9) 

6±2 24 

( 9 ) 

381±2 24 

( 9 ) 

41 8±2 18 

( 9 ) 

44 0 ±2 29 (9) 

4±3 31 

(11) 

43 9±2 71 

(11) 

42 9±3 60 

(11) 

39 4±2 37 (11) 

0±161 

(6) 

38 4±2 14 

(6) 

41 9±1 40 

(6) 

44 9±2 31 (6) 
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concentrations It could bo shown further that tho 
extracellular fluid spaco of tissues (musclo and liver) 
increased whether the protein deficient diet iVas, or 
was not, lacking in calories 

- Thc^niracdlular Jlmd phase of tissues 

Can the increased extracellular fluid phase ob 
sensed in the different senes of TT and LOT rats 
be explained by ehangos in the total muscle water T 
Componng the data of Table 1 and Table 3, it could 
be concluded that tins was not tho case m animals 
fed on TT diet for 7 doys tho extracellular fluid 
spewe moreased without any changes m the total 
muscle water Even m rats fed on TT diet for 14 
or 42 days the mcrease m the total water of tho 
tissues (Table 1) was far less pronounced than that 
of the extracellular fluid space (Table 3) It follows 
that tissue oedema developed concurrently with a 
marked loss of mtraceUular water This is oven 
clearer with LOT rats (Table 3) 

It IS thus clear that the retention of tissue water 
resultmg fi:om a lock of protein m the food did not 
produce a swellmg of tho tissue coUs , on tho contrary, 
protem deficiency led to a decrease of mtracollular 


water Tlus decroaso became tho more obvious tho 
more tho extracellular fliud space mcroosod 

OoUoid osmotic pressure of plasma 

It lias not boon sliown so far wliothor tho dooronsos 
m tho plasma protem concentration observed led to 
corrosponclmg docroasos in plasma colloid osmotic 
prossuro Values of 18D±0 12 cm water, cor 
roctod to a tomporaturo of 37°, wore obtamod for 
normal rat plasma Those values wore somewhat 
lower than those found by Landis (1930), but this 
difference may bo accounted for by tho difference 
m pH and m oloctroij’to concentration of tho buffer 
solution produomg different Donnan effects (Mar- 
rack <L Hewitt, 1927, Koj's Taylor, 1935o) 

Table 4 gives figures for tho colloid osmotic 
pressure of plasma samples from normal and hypo- 
proteinaomic rats 

Dilutions of plasma of normal rats wore made by 
oddmg varying amounts of tho buffer solution 
Fig 1 shows that tho colloid osmotic pressure of 
progressive dilutions of plasma of normal rats 
yielded values winch form a straight Ime when 
plotted against tho plasma protem concentration 


Table 4 OoUoid osmotic pressure of plasma samples from normal and hijpoprotcinacmic rats 


Normal rata 


Mean and s E 

Rats fed on a protein-deficient diet ITT) 
for 7 days 

Jlean and s e 

Rats fed on a protein deficient diet (TT) 
for 14 days 

Mean and s e 

Rats fed on a protein deficient diet ITT 
for 42 days 


Mean and s e 

Rats fed on a protem-deflcient diet (LOT 
for 70 days ’ 

Mean and s e 

Biochem 1948, 43 ' 


Plasma proteins 

Albumm/globului 

(Kjeldahl) 

ratio 

(g /100 m!) 

(A/G) 

7 48 

1 20 

7 48 

1 10 

726 

1 20 

7 04 

1 17 

0 75 

1 07 

7 20±0 100 

1 16±0 023 

718 

0 98 

7 08 

100 

700 

1 20 

0 87 

0 95 

7 03 ±0 057 

1 05±0 031 

0 03 

0 83 

0 65 

0 90 

0 08 

0 80 

0 07 

0 70 

600 

0 70 

0 22±0 121 

0 78±0 011 

694 

000 

6 94 

0 00 

6 46 

0 68 

5 27 

0 60 

6 10 

0 60 

6 10 

0 02 

4 62 

0 60 

3 05 

0 60 

6 16 ±0 223 

0 67± 0 007 

514 

0 60 

4 37 

0 67 

4 37 

0 68 

3 91 

0 68 

3 86 

0 69 

4 33±0 206 

0 83±0 023 


Plasma colloid 
osmotic pressure 
(cm water) 

19 8 

19 0 

20 0 
19 4 
19 2 

10 C±0 12 

IDl 
19 6 
19 4 
18 6 

10 2±0 19 

17 7 
17 3 
103 
16 4 
14 0 

10 3±0 61 ' 

12 8 
10 8 
13 7 
80 
10 0 

11 7 
65 
86 

10 2±0 87 

10 6 
10 8 

12 7 
113 

78 

10 0d;0 71 


29 
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This relationship apphed only for dilutions of the 
plasma up to 60 % of the imtial concentration, con- 
firming Vemey’s (1926) findmga on human plasma 



Fig 1 Relation between the plasma coUoid osmotic 
pressure and plasma protem concentration x =znormal 
rats, O =rats fed for 7 days on a vegetable protem 
deficient diet, A =rats fed for 14 days on a vegetable 
protem deficient diet, @ =rats fed for 42 days on a 
vegetable protem defiqent diet, ■ =rats fed for 70 days 
on a low casern diet All the values for colloid osmotic 
pressure are corrected to 37“ 

Comparmg the values for the coUoid osmotic 
pressure of diluted normal plasmas with those of 
samples from hypoprotemaemio rats, it will be seen 
(Fig 1) that, at the same concentration of plasma 
protems, the colloid osmotic pressure of plasma of 
rats fed on TT diet for 42 days and of LOT rats was 
lower than that of the normal animals This decrease 
m the colloid osmotic pressure per g plasma protem 
m animals fed on a low protem diet was progressive 
plasmas of rats fed on TT diet for 7 days did not 
show a significant fall m the colloid osmotic pressure 
((=1 681, P>0 1), but after 14 days the fall of 
colloid osmotic pressure was greater than that pro 
duced by a oorre^ondmg dilution of plasma of 
normal rats It is thus clear that the low figures 
obtamed for the osmotic pressure of plasma protems 
m rats fed on protem deficient diets could not be the 
result of a simple dilution of the blood of these 
animals 

The decrease m the CoUoid osmotic pressure 
observed m the plasma of rats fed on protem de 
ficient diets was closely correlated -with the faU m 
the concentration of albumm , that of the glohuhn 
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remamed more or less unaffected In other words, 
the coUoid osmotic pressure per g of total plasma 
protems was directly proportional to the albumm/ 
globuhn (A/G) ratio (Table 4) However, m a few 
cases plasma samples with the same concentration 
of protems had a widely different coUoid osmotic 
pressure, e g two plasma samples with protem con- 
centrations of 6 9 g /lOO ml gave values for the 
coUoid osmotic pressure of 12 8 and 10 8 cm water 
The difference m these instances could not be 
accounted for by changes m the albumm/globuhn 
ratio (A/G = 0 60 m both cases) Two other samples 
with the same A/G ratio (0 60) had a coUoid osmotic 
pressure of 8 6 and 6 6 cm water respectively It is 
thus clear that m these particular cases, changes m 
the A/G ratio did not account for the low coUoid 
osmotic pressure It thus seems likely that the 
plasma protems of some of the hypoprotemaemio 
animals underwent other changes m chemical or 
physical composition besides the decrease m the 
albumm fraction 

FmaUy, is there a relation between the coUoid 
osmotic pressure of plasma and the occurrence of 
tissue oedema? Comparmg the figures m Table 3 
and Table 4 it wfil be seen that the mcrease m the 
extraceUular-flmd space m rats fed on TT diet for 
7 days occurred m animals with normal plasma pro- 
tem concentration, normal A/G ratio and normal 
coUoid osmotic pressure Furthermore, no corre 
lation could be foimd between the size of the extra- 
ceUular fimd space and the plasipa coUoid osmotic 
pressure 

DISCUSSION 

There is ample evidence that chloride and sodium m 
rat and dog muscle are mamly extracellular (Fenn, 
1936, Harrison, Darrow & Yannet, 1936, Hastings 
& Eichelberger, 1937, Manery & Bale, 1941) 
Further proof for the vahdity of this statement 
comes from the work of Manery & Haege (1941), 
Hevesy & Rebbe (1940) andCuthbertson & Greenberg 
(1946) with radioactive isotopes ®®C1 and ®®Na (or 
**Na) These authors have shown that these isotopes 
were extracellular and that tlieir distribution was 
the same FmaUy, there is a satisfactory agreement 
between values for chloride space m muscle and hver 
and the extraceUular space as determmed rmcro- 
scopicaUy m frozen sections of these tissues (H6ber, 
1947, Truax, 1939) At the same tune it must be 
remembered that chloride and sodium spaces are 
hkely to be somewhat larger than the true extra 
ceUular fimd space, even m normal anunals (Fulton, 
1946), and that the possibfiity obtains that patho- 
logical conditions may produce further alteration of 
cell permeabUity The chloride and sodium spaces 
may, therefore, not be qmte identical with the 
true extraceUular space The term extraceUular fimd 
space m this paper must he understood to refer to 
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the apparent volvimo 
sodium^ 

In the present investigation it couldho shown that, 
for muscles of normal rats, there is good ogroemont 
between the values of the extracellular fluid phase, 
whether expressed m terms of clflondo or of sodium 
space (f=0 113, P>0 9) The values compare 
favourably with those found by means of radio 
active isotopes m the muscle of rats (Guthhertaon &. 
Greenberg, 1946) and m dogs (Eicholborgor, 1941) 
In the h\ er also it could be shown that the values 
for extracellular flmd phase, whether expressed as 
chloride or as sodium space, wore comparable 
(t = 0 429, P > 0 6) They were of the same magmtude 
as that of clilonde space of hvor found ir\ dogs 
(Eichelberger, 1941) 

Vfhendefinmgthemtracellular fluid phase it must 
he remembered that the amount of water msido the 
cell IS correlated with the amount of potassium and 
that, under normal conditions, there is no shift of 
bases across the cell membrane (Peters, 1944) There 
IS a reciprocal relationship between the extracellular 
sodium and the mtracellular potassium, m other 
words, the amount of rntraCellulor potassium, and 
mtraceUular water, is mduectly influenced by the 
concentration of extracellular sodium (Darrow, 
1946) 

It could be shown m the present mvestigation that 
the extracellular fluid phase of muscle of normal 
adult rata was fairly constant However, m rats fed 
on a protem-deficient diet for a short period only 
(7 days) the extracellular flmd space of muscle m- 
creased significantly This onset of tissue oedema 
occurred without significant changes m the plasma 
water content, the plasma protem concentration or 
the osmotic pressure of the plasma protoms These 
findings agree with those of Keys el al (1946) m 
human bemgs, receivmg experimentally a low pro 
tern diet, m whom an mcrease of the thiocyanate 
space (i e of the extracellular space) could be 
demonstrated at a time when the plasma protem 
concentrations, the plasma electrophoretic pattern 
and the plasma coUoid osmotic pressure were still 
normal It thus seems difllcult to attnbuto the early 
onset of the oedema to a fall of the colloid osmotic 
pressure (Starhng’s hypothesis), but it might stdl be 
due to an mcrease m the capillary pressure (Pappen- 
heuner & Soto Hiviera, 1947) It was not possible to 
estimate the venous pressure m the present series of 
rate , hut in human bemgs Keys et al (1946) showed 
that the venous blood pressure bad fallen by nearly 
60 % of the normal value 

The cause of the early mcrease m the extracellvdar- 
fluid phase must thus he sought elsewhere The rats 
fed on a vegetable low protem diet were lackmg m 
both proteins and calories There are IJius good 
reasons to assume that a cellular breakdown was 
accelerated Hence the early tissue oedema may 


have boon duo to an accumulation of waste products 
if of small molecular weight they would oxort a high 
osmotic prossuro Tlio same process may also mvolv e 
hboration of potassium ions, which m normal tissue 
wore osmotically mactivo A higher osmotic prossuro 
within the cell would result m an inctoasod concen- 
tration of chlorido and sodium m tho oxtracoUuIar- 
fluid space m an attempt to equalize osmotic pres 
sure To bo ablo to mam tarn a balance between forces 
engaged m such a dynamio oquihbrium tho cells 
would extrude thoir waste products and with them 
part of thoir potassium, and ultimately would lose 
some of tho mtracollular water This assumption 
would ngreo with tho findmgs of Gamble, Ttoss 
Tisdall (1923), who showed that starvation induces 
a loss of potassium from the body correspondmg to 
tho potaasium content of tho muscle tissue lost 
Tho dota m Table 3 show that tho mcrooso of tho 
extracellular fluid pliase was sigmficantly greater 
than tho decrease of tho mtracollular water Tins can 
only moan that tho mcreasod oxtracollular-flmd 
phase was made up mamly by water from the 
plasma After 7 days on a low protom, low calono 
diet (TT) tho plasma water content and its protein 
concentration wore normal (Table 1) This is in 
agreomont with findmgs m dogs fasting for a period 
of 4-6 days (Kerr, Hurwitz IVlnpple, 1918) Tho 
unchanged level of tho plasma proteins in rats fed 
for 7 days on TT diet might be explamod by changes 
m tho plasma volume maskmg the loss of plasma 
protoms, resultmg from a state of somi starvation 
It would also agroo with tho findings of Metcoff et al 
(1945) m rats kept on a protein deficient diet 
At a lator stage, m rats fed on TT diet for 14 days, 
the concentration of plasma proteins was decreased, 
though the A/G ratio was not significantly altered , 
and the colloid osmotic pressure was somewhat lower 
thanincontrols{Table4,h’ig 1) Though small, these 
changes m the colloid osmotic pressure of plasma 
may have been snffioiont to produce an mcrease of 
the extracellular -fluid phase, provided that there 
was no concurrent drop m the capillary pressure 
In rats fed on TT or LOT diet for several weeks the 
colloid osmotic pressure of tho plasma proteins was 
markedly lower than that of tho controls In some 
coses it was even lower than that expected for the 
correspondmg amount of plasma proteins Such 
discrepancies between the plasma protem concen- 
tration and the expected colloid osmotic pressure 
have been reported m patients snffenng from mal- 
nutrition (Govaerts & Leejuune, 1942) and m young 
men exercised to exlianstion where, m spite of a 
marked increase (averagmg 12 6 %) m serum protem 
concentration, the colloid osmotic pressure de 
creased (Keys & Taylor, 1935b) In rats fed on a 
protem-defioient diet (TT or LOT) tho globulin 
fraction did not seem to be seriously affected, it is 
thus likely that the abnormally low colloid osmotic 

29 2 
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pressure encoimtered in some cases was the result of 
changes m the albumm fraction Two explanations 
of this phenomenon may be proposed 

(а) The chemical analysis of plasma proteins after 
precipitation of globulins by sodium sulphite may 
have given too high values for the albumm fraction 
(Cohn & Wolfson, 1947) This hypothesis receives 
further support from the work of Zeldis, AUmg, 
McCoord & Kulka ( 1 946) Comparmg data obtamed 
by chemical analysis and by electrophoretic methods 
these authors have shown that m dogs fed on a pro- 
tem deficient diet for 12 weeks the degree of de 
pletion of ‘ electrophoretic albumm ’ is considerably 
greater than that of the chemical albumm fraction 

(б) Changes m the molecular dimension of the 
proteins or m their ionization, or m hoth, provide the 
basis for another mterpretation For any change m 
the colloid osmotic pressure to be due to clianges 
other than m the molecular dimension, there must 
be changes m the lomzation of the protems or 
changes m the concentration of the crystalloids of 
the medium (Ke 3 rB & Taylor, 19366) Both pH and 
lomc strength, mside and outside the collodion mem- 
brane of the osmometer, remamed constant m the 
present experiments This makes any appreciable 
change m the magmtude of the Donnan effect un- 
hkely Furthermore, it has been shown that the 
colloid osmotic pressure of blood plasma is httle 
affected by changes m pH (Marrack & Hewitt, 1927) 
or by moderate changes m salt concentration (Meyer, 
1932) 

It would seem that there are two stages m thd 
production of oedema m tissue resulting from feeding 
rats on a protem deficient diet It could be shown 
that a significant mcrease of the extracellular -flmd 
phase of muscles occurred very early, without any 
significant changes m the water content or the pro- 
tem concentration of plasma, no changes m the 
colloid osmotic pressure of plasma were observed at 
this stage It must therefore be concluded that the 
onset of oedema formation m malnutrition is mde- 
pendent of changes m the coUoid osmotic pressure of 
plasma At a later stage further mcreases of the 
extracellular-flmd phase comcided with the pro 
gressive fall m the coUoid osmotic pressure of the 
plasma However, even then no clear correlation 
could be found between the degree of hypopro- 
temaemia, the fall of the colloid osmotic pressure of 
plasma and the magmtude of the extracellular flmd 
phase of tissues 

SUMMARY 

1 The total water content of plasma, of skeletal 
muscle, of hver and of bram was estimated m normal 
rats and m rats fed for periods of 7, 14 and 42 days 
on a protem deficient diet Extracellular- and mtra 
cellular -flmd phases of these tissues were calculated 
by means of chloride and sodium estimations 
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2 The calculated values for the extracellular 
flmd phase of these tissues agreed well, whether 
expressed as chloride or as sodium space 

3 In normal rats fed on a standard diet {ST) the 
extracellular flmd phase of muscle, hver and bram, 
expressed as chloride space, amounted to 16 7 ±0 60, 
22 6 ± 2 60 and 38 6 ± 3 31 ml /lOO g fat-free tissue 
respectively 

4 In rats fed for 7 days on a vegetable protem 
deficient diet (TT) the water content of plasma and 
of tissues, the plasma protem concentration and the 
plasma colloid osmotic pressure remamed un 
changed In spite of this the extracellular -flmd phase 
of skeletal muscles and of liver had significantly 
mcreased, showmg that there was tissue oedema 
with normal plasma protem concentration and 
normal coUoid osmotic pressure 

6 In rats fed for 14 days on a vegetable protein 
deficient diet {TT) there was a significant increase m 
the water content of the plasma, the muscles and the 
hver, with a decrease m the plasma protem concen 
tration and a shght but significant decrease m the 
colloid osmotic pressure of plasma The extracellular- 
flmd phase of the muscles was significantly greater 
than that of rats fed for 7 days on TT diet 

6 Comparmg data obtamed for rats fed for 
42 days on a low-protem low calorie diet {TT) with 
those for animals fed for 70 days on a diet equally 
low m protem but yieldmg an adequate supply of 
calories {LOT) it could be shown that the extra 
cellular flmd phases of muscle and hver were 
markedly mcreased, and the concentration of pro 
terns m plasma significantly decreased m both senes 

7 Tlie mean coUoid osmotic pressure of normal 
rat plasma amounted at 37° to 19 6±0 12 cm water, 
that of rats fed on TT diet for 7 days was 19 2 ± 

0 19 cm , that of rats fed on TT diet for 14 days 
was 16 3 ± 0 61 cm , that of anim als fed on TT diet 
for 42 days was 10 2 ± 0 87 cm , and that of animals 
fed on LOT diet for 70 days amounted to 10 6 ± 

0 71 cm water 

8 The coUoid osmotic pressure of plasma of the 
three latter groups was correlated with the albumm/ 
globuhn (A/G) ratio of plasma, but not with the 
mtrogen concentration of the plasma samples 

9 In the cases of a few rats fed for 42 days on TT 
diet and for 70 days on LOT diet, the coUoid osmotic 
pressure of plasma samples was lower than that 
expected firom either the A/G ratio or the plasma 
mtrogen concentration 

10 Ho correlation could be found between the 
mcrease of the extracellular flmd phase of tissues 
and the decrease of the colloid osmotic pressure of 
the plasma 

The expenses of this investigation were partly defrayed 
by a grant from the Colston Research Committee whose 
help IB acknowledged. I wish to thank Miss P A Ashby 
for her technical assistance 
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Changes m the Extracellular- and Intracellular-Fluid Phases of Tissues 
during Water, Diuresis in Normal and Hypoprotemaemic Rats 


By S E dicker (Beit Memorial Fellow), Department of Pharmacology, University of Bristol 

{Received 2 February 1948) 


It has been shown m a previous paper (Dicker, 
Heller & Hewer, 1946) that the urmaiy excretion of 
administered water by protem deficient rate is de- 
layed, and that the total amount of water excreted 
m 3 hr la lower than that of normal animals There 
would seem to be at least three likely explanations 
for the abnormal and delayed diuretic response 
'Observed m these rats (a) a slower rate of water 
absorption from the ahmentary canal, (b) an in- 
creased ‘ preparedness ’ of extrarenal tissues to retam 


water, resultmg m a decrease of the plasma water 
load, (c) a failure of the renal tubules to reduce the 
rate of water reabsorption as a response to the m 
creased water load, or a combmation of these 
factors 

To mvestigate these possibihties, the rate of water 
absorption from the gastro mtestmal tract was 
estimated according to Heller & Smirk (1932), and 
the partition of absorbed water between the extra 
ceiliilar fluid phases of tissues was determmed 
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JIETHODS 

Expenmental animals Adult male albmb rata weighuig 
2G5-310 g Trere used. 

Diets The standard diet {ST) and the vegetable low pro 
tein diet [TT) eonfonned to the desenption given m the 
previous paper (Dicker, 1948a) 

Procedure Normal rats were fed on a standard diet {ST) 
for several weeks Food, but not water, was withheld 24 hr 
before the diuresis experiments The ammals were then 
given water to the extent of 6 % of their body weight by 
stomach tube, and were kUled 15, 30, 46, 60, 76, 00 and 
120 nun after the administration 
Another senes of rate was fed on diet TT After 6 weeks 
on this diet, food was withheld for 24 hr and water to the 
extent of 6% of their body weight was given They were 
killed 16, 30, 46, 60 and 00 min after the administration 
Immediately before they were due to be killed, the rats 
vere anaesthetized and blood collected from the carotid 
and jugular was mixed with heparm Immediately after 
death the cardia and the distal end of the small mtestme 
(exdudmg the caecum) were hgatured The alimentary 
c anal was weighed with its contents Muscle, hver and bram 
samples were obtamed and the amount of water. Cl", Na 
and K m these tissues estimated 

Chemical methods Cl", Na, K and water estimations 
in plasma and tissue samples conformed to those desonbed 
previously (Dicker, 1948a) Water content was calculated 
for fat-fiee tissues 

Protem concentration m plasma was estimated by two 
different methods (o) a micro Kjeldahl method, (6) the 
copper sulphate method for measurmg plasma specific 
gravities (Philhps, Van Slyke, Dole, Emerson, Hamilton L 
Archibald, 1946) The formula used for the calculation of 
the plasma protem concentration was that proposed by 
Hoch & Marrack (1946) The two methods gave results 
which were not significantly different (Dicker, 19486) 
Estimation of the extracellular and intracellular fluid phase 
of tissues Extracellular and mtra cellular tissue flmd phases 
were calculated from estimation of Cl" and Na spaces, os 
m the previous paper (Dicker, 1948o), where the identity 
of these spaces with the true extracellular-fluid phase has 
also been discussed 

Sampling of rats The rats were killed m groups con 
sistmg of animals with varymg absorption times For 
statistical treatment of the data, results obtamed for 
animals with identical absorption tunes were pobled. 
Statistical treatment Results are given as mean and 
standard errors Student’s ‘ t ' test for small sample method 
was used for the significance of means and calculated 
according to Mainland (1938) P values for t were obtamed 
from Fisher Yates’s (1943) tables 

RESULTS 

' Gross post-mortem observation 

Rats fed on diet TT for 6 -weeks had lost about 
35% of their body -weight, the concentration of 
proteins m plasma had equally decreased by 36 % 
No ascites or free flmd was found m any of these 
animals, even after administration of -water, but 
nearly aU those that had received water had 
abnormally ‘wet’ tissues The perirenal and retro- 
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peritoneal connective tissues were particularly oede 
matoufl, and had a gelatmous appearance Pressure 
on these tissues released a substantial quantity of 
water (up to 1 6 ml ) 

In all other respects, these senes of protem 
deficient animals were comparable -with those de 
scribed m the prenous paper (Dicker, 1948o) 

Water absorption 

Fig 1 shows the rate of water absorption fi:om the 
ahmentary canal m normal and hypoprotemaemic 
rats The percentage of body weight of the ahmen 
tary canal m normal control rats was 3 6 as com- 
pared -with 6 7m controls fed on TT diet In order 
to render the two curves more easily comparable 
2 1 (1 e the difference between the "weights of the 
ahmentary canal m the two series) was deducted 
fi^om the mean values obtamed m the protem-de 
ficient senes (Fig 1) 



I'll I 1 1 1 1— 

0 15 30 45 60 75 90 1 05 120 


Time (min) ' 

Fig 1 Average water absorption curves of rats (a) • — • 

m normal rats, (6) © ® m hypoprotemaemic rats 

The average weight of the empty gaatro mtestmal tract 
■was 3 6 % of the body weight m normal control rats as 
compared -with 6 7 % of the body -creight ip controls fed 
on TT diet In orfer to render the two curves com 
parable 2 1 % Tvas deducted from the mean values 
obtamed in the protem deficient senes 6% of the body 
weight of water was given making 8 6 % the startmg 
pomt of the absorption curves The vertical hues repre 
sent the standard error 

i 

In nonnal rats the absorption of 6 0 % of body 
weight of water by the ahmentary canal was 
practically finished m 60-15 mm This is m agree 
ment -with Heller & Smirk’s (1932) findings In 
protem deficient rata the absorptioruof the standard 
amount of water was -termmated m 46-60 mm 
(Fig 1) 
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It la thus qmte clear that the rate of -water 
absorption from the gut m hypoprotomaemic rats 
IS not slower theui that m normal rats, and cannot 
therefore be the cause of the delayed onset of the 
-wa-ter diuresis m these animals 

Changes tn water concentration of plasma and tissues 
in normal and hypoprotcinacmic rats 
Changes m the -water concentration of plasma and 
tissues after -water administration, m both normal 
and hypoprotemaemic rats, are shown m Table 1 In 
normal rats the absorption of ater resulted m an 


m the plasma pro tern concentration (Table 1) It 
-would seem that the -water left the blood plasma at 
appro-^imately the same rate as it -was absorbed, 
from the alimentary canal 

In normal rats the amount of water m muscle and 
hver was significantly mcreased 30 and 45 mm after 
water odmimstration (( = 3 107, P<0 001, and 
( = 3 779, P<0 001, respectively) The ma-mnum 
increase m the water load of these tissues occurred 
at about 60 mm 

In protein deficient rats {TT) no sigmficant 
changes m the amount of water m the hver could be 


Table 1 The effect of water administration on the water content of plasma muscle, 
liver and brain of normal and of hypoproteinaemic Tats 


(The values arc mcana and standard errors Numbers of rots m parentheses ) 


Stage of 
observation 

Plasma water 
content 
(%) 

Muscle water Li\ or -water 

content content 

(%) (%) 

Normal rats 

Bram water 
content 
(%) 

Plasma proteins 
(Kjcldnhl) 

(g /lOO ml ) 

Before water 
admimstTation 

01 4±0 13 (27) 

75 8 ±0 32 (27) 

714±0 31 (27) 

83 0±0 24 (11) 

7 00±0 092 (27) 

15 mm after water 
administration 

91D±0 11 (20) 

76 9 ±0 30 (20) 

71 5±0 44 (20) 

83 0±0 20 (9) 

0 00±0 120 (18) 

30 mm after water 
administration 

92 3 ±0 10 (18) 

77 0±0 15 (18) 

72 0±0 33 (18) 

83 0 ±0 34 (7) 

0 54±0 182 (18) 

45 mm after "water 
administration 

03 0±0 18 (18) 

77 4±0 10 (18) 

72 6±0 32 (18) 

83 7 ±0 27 (7) 

0 48±0 120 (18) 

60 mm after -water 
administration 

92 6±0 26 (16) 

77 8±0 21 (10) 

72 3±0 32 (10) 

84 3±0 70 (0) 

0 49±0 108 (10) 

76 mm after water 
administration 

92 6±0 17 (16) 

77 4±0 11 (10) 

717±0 27 (10) 

84 0 ±0 48 (6) 

0 48±0 058 (16) 

90 mm after water 
administration 

92 6±0 13 (12) 

76 8±0 13 (12) 

72 2±0 30 (12) 

83 9 ±0 31 (0) 

6 48±0 076 (12) 

120 mm. after water 
administration 

92 0±0 09 (12) 

70 3 ±0 23 (12) 

71 8±0 30 (12) 

83 4±0 15 (0) 

6 64±0 190 (12) 

Before -water 
administration 

93 2±0 10 (29) 

Hypoprotcmaemio rata 

77 3± 0 28 (30) 74 9 ±0 39 (30) 

83 3 ±0 41 (12) 

6 12±0 137 (29) 

16 mm after water 
administration 

93 6±0 14 (10) 

77 6 ±0 21 (10) 

74 8 ±0 54 (10) 

83 8±0 67 (10) 

4 00±0 101 (10) 

30 mm after -water 
administration 

93 6±0 16 (12) 

77 1±0 82 (12) 

74 6±0 60 (12) 

83 6±0 20 (8) 

4 76±0130 (10) 

46 mm after water 
admmistration 

93 7±0 16 (16) 

77 6±0 60 (10) 

741 ±0 48 (10) 

83 6±0 33 (0) 

4 73±0 163 (10) 

60 mm after water 
administration 

93 7 ±014 (20) 

78 4±0 28 (20) 

76 0±0 34 (20) 

83 4±0 02 (8) 

4 86±0 136 (20) 

76 mm. after water 
admmistration 

— 

— 

— 

— 

— 

90 min after -water 
administration 

93 3±0 20 (7) 

78 2±0 22 (7) 

76 4±0 67 (7) 

83 4±0 18 (7) 

4 93 ±0131 (7) 

120 min. after water 
administration 

— 

— 

— 

— 




early increase of the plasma -water content (( = 2 666, 
P<0 02) This mcrease reached its maximum at 
about 46 mm and was accompanied by a fell m the 
plasma protem concentration (Table 1) In hypo 
protemaemic rats no significant changes m the 
plasma water could be found durmg the 90 mm of 
Observation, nor were there any sigmficant changes 


noticed durmg the whole period of observation The 
mcrease m the amount of water m muscle was 
delayed the first significant mcrease occurred 
60 mm after water admmistration ((=2 120, 
P< 0 05) as compared with 30 mm m normal rats 
No significant changes m the amount of water m 
bram were noted m either ST or TT rats 
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Changes vn the concentraiton of electrolytes of plasma 

and tissues in normal and hypoproteinaemic rats 

The concentration of chloride m plasma decreased 
soon after -water administration m normal and hypo- 
protemaemic rats (Tables 2 and 3) The decrease m 
the plasma chloride concentration lasted for 30 mm 
m normal rats, and more than 60 mm m TT rats, 
m other words, it covered m both senes the penod 
of time elapsmg between that of awiministration of 
wa-ter and that of the onset of water diuresis The 
decrease of chlonde concentration m the plasma was 
not the result of a dilution of the plasma This is seen 
from the results obtamed on rats fed on TT diet 
(Table 1) where the administration of water by 
stomaoli -tube did not produce an mcrease of the 
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plasma water content Nor can the decrease be 
explamed by an escape of chloride mto the muscles 
or the hver (Tables 2 and 3) m both normal and ' 
protem deficient rats the fall m the plasma chlonde 
concentration was concurrent with a fall m the con 
centration of chlonde m the muscle, while the 
chlonde concentration m the hver remamed un 
affected The faU m muscle chlonde m the two senes 
of rats lasted as long as that m the plasma Finally, 
it will be noted (Tables 2 and 3) that vanations m 
plasma chlonde were mdependent of vanations m 
the concentrations of sodium and potassium m -the 
plasma These findmgs agree -with those of Pnestloy 
(1916), Smirk (1932) and Eggleton (1937) which 
suggest that water diuresis is preceded by passage of 
chlonde mto the gut 


Table 2 The effect of water adniinistratton on the concentration of electrolytes of plasma 

and tissues in normal rats 


(The values are means and standard errors Number of rats m parentheses ) 



Cl“ 

Na 

K 

Cl~ 

Na 

K 


(m equiv /I 

(m equiv /L 

(m eqmv [L 

(m eqmv [L 

(m eqmv /L 

(m eqmv /I 

Stage of observation 

water) 

water) 

water) 

water) 

water) 

-water) 

Before -water administration 

83 2±2 34 

Plasma 

128 3 ±7 06 

6 6±0 29 

20 2±0 47 

Muscle 

29 Oil 48 

166 2i7 73 


(27) 

(18) 

(17) 

(27) 

(17) 

(17) 

15 mm after water administration 

72 3±103 

112 8±404 

4 6±0 31 

17 6±0 67 

26 0i2 27 

166 0i4 67 


(20) 

(10) 

(9) 

(20) 

(9) 

(9) 

30 mm after water administration 

69 3±2 04 

112 3±4 66 

6 2±0 41 

18 9±0 99 

26 0i2 73 

146 3i2 87 


(18) 

(12) 

(7) 

(18) 

(11) 

(7) 

46 mm after water administration 

82 2±2 80 

134 2±6 32 

6 8±0 66 

22 6±0 92 

361il69 

134 2i6 62 

(18) 

(16) 

(13) 

(18) 

(13) 

(13) 

60 miTi after water administration 

82 3±6 54 

137 6±3 90 

6 7±0 44 

22 4±123 

86 lil 94 

147 2i4 41 

(16) 

(12) 

(12) 

(16) 

(12) 

(12) 

76 mm after -water administration 

86 6±2 18 

137 6±6 67 

6 2±0 26 

23 2 ±0 66 

37 6il98 

168 7 i4 60 

(16) 

(16) 

(16) 

(16) 

(16) 

(16) 

90 mm after water administration 

78 6d:2 62 

128 3±3 09 

6 1±0 40 

20 4±0 74 

32 6il 12 

164 0i8 01 

(12) 

(12) 

(12) 

(12) 

(12) 

(12) 

120 mm after water administration 

84 0±1 87 

131 3 ±4 00 

6 0±0 20 

20 7±0 76 

29 lil 56 

167 6i3 67 

(12) 

(12) 

(12) 

(12) 

(12) 

(12) 

Before water administration 

33 6±2 80 

Liver 

310±2 09 

97 8±7 63 

42 7±2 89 

^ Bram 

49 0i3 66 

rnOilO 60 

(11) 

(10) 

(10) 

(9) 

(10) 

. (10), 

16 mm after -water administration 

29 0 ±2 74 

381±3 71 

98 0±4 66 

36 3±3 66 

46 li4 13 

137 8i8 17 

(9) 

(9) 

(9) ' 

(8) 

(8) 

(9) 

30 mm after water administration 

34 0 ±3 83 

46 6±4 12 

94 9±4 90 

33 4±3 37 

46 li6 20 

132 7il2 20 

(7) 

(7) 

(7) 

(7) 

(7) 

(7) 

46 mm after water administration 

47 0±1 83 

66 6±1 72 

106 0±9 36 

39 0±2 29 

63 0i3 36 

124 0 i7 66 

(7) 

(7) 

(7)^ 

(6) 

(7) 

(7) 

60 mm after wa-ter administration 

42 0±3 80 

51 4±3 39 

116 6±12 10 

37 7 ±3 26 

65 3i2 80 

127 6i7 78 

(6) 

-(6) 

(6) 

(6) 

(6) 

(6) 

76 mm after wa-ter administration 

38 4±2 33 

66 4±3 09 

126 1±10 30 

37 3±2 20 

66 6i2 14 

131 6i4 74 

(6) 

(6) 

(6) 

(6) 

(6) 

(0) 

90 TTiiTi. after Tvater admnustration 

40 6 ±2 76 

49 2±3 05 

116 6±12 46 

,38 0±2 81 

61 4i3 81 

146 6i6 18 

(6) 

(0) 

(6) 

(6) 

(6) 

(6) 

120 Tn\n after water adnmiistratioii 

34 8±1 92 

36 0±2 14 

127 0±9 74 

40 3^3 65 

63 7il 60 

130 9i9 17 


(6) 

(6) 

(6) 

(6) 

(6) 

(6) 


diuresis in hypoproteinaemic rats 

Table 3 The effect of neater admimstration on the eoneentrahon of elecirolyles of plasma 
and tissues tn hypoproteinaemic rats 

(Tho values ato means and standard errors Number of rata m parentheses ) 


Stage of observation 

Before water admmistration 
16 nun after water admnustration 
30 nun after water administration 
43 min after water administration 
60 nun. after water administration 
90 mm after water administration 

Before water administration 
16 mm. after water administration 
30 mm after water administration 
46 min after water administration 
60 mm after water admmistration 
00 mm after water administration 


cr 

Na 

K 

n oquiv ft 

(m eqmv ft 

(m cqmv ft 

water) 

water) 

Plasma 

water) 

85 9±2 77 

108 3±2 12 

7 1±0 68 

(29) 

(11) 

(11) 

76 0±2 4G 

100 0±l02 

C 8±0 38 

(10) 

(10) 

(10) 

63 4±1 03 

97 1±2 20 

7 1±0 82 

(12) 

(8) 

(8) 

71 9±3 08 

104 2±3 40 

6 8±0 21 

(10) 

(0) 

(0) 

79 2±3 20 

no 8±3 66 

0 4±0 63 

(20) 

(8) 

(8) 

80 8 ±2 90 



(7) 

(7) 

Liver 

(7) 

30 4±2 66 

48 7 ±3 24 

93 8±3 01 

(11) 

(11) 

(11) 

39 6±1 11 

62 3±2 64 

918±C22 

(10) 

(10) 

(10) 

34 6±3 04 

49 1±3 40 

89 7 ±6 35 

(0) 

(0) 

(0) 

38 6 ±4 90 

40 0±2 70 

92 6±2 48 

(6) 

(0) 

(6) 

39 3 ±3 01 

68 6±6 77 

98 6±7 70 

(8) 

(8) 

(8) 

39 0±0 97 

661±143 

102 2±131 

(7) 

(7) 

(7) 


or Na tv 

(m equiv /I (m equiv /I (m cquiv ft 
water) water) water) 


Muscle 


4C7±2 44 

09 6±4 22 

90 0±3 84 

(29) 

(11) 

(11) 

41 7±1 87 

69 6±161 

105 6±3 89 

(10) 

(10) 

(10) 

37 6±2 08 

016±6 92 

93 7 ±6 99 

, (12) 

(8) 

(8) 

421±176 

01 4±0 30 

109 0±8 27 

(10) 

(0) 

(0) 

61 7±1 82 

70 8±6 00 

O7 4±3 20 

(20) 

(8) 

(8) 


<i47i.2,23- 

m siifl 8.1 

(7) 

(7) 

(7) 


Brain 


39 1±3 27 

69 6±3 26 

114 4±4 44 

(11) 

(11) 

(11) 

39 6±1 87 

C0 9±2 03 

118 6±2 90 

(10) 

(10) 

(10) 

36 7±2 77 

69 1±4 83 

118 8±10 56 

(8) 

(8) 

(8) 

36 1±1 34 

68 0±1 96 

110 6±0 82 

(6) 

(0) 

(0) 

39 6±2 99 

60 9±6 38 

112 6±0 23 

(8) 

(8) 

(8) 

40 0±1 07 

62 8±3 24 

116 0±6 60 

(7) 

(7) 

(7) 


The plasma chloride concentititions were normal 
agam in normal rats 46 nun after water adminis 
tration, and m hypoprotemaemio rats 60 mm after 
water administration, and then remamed at this 
level for the rema inin g penod of observation 
Chloride concentration m muscle mcreased over tho 
mean values of control rats, 46 mm after water 
administration m normal rats («=3 010, P<0 01) 
and 60 mm after water administration m hypo 
protemBemicrats(«=4 031,P<0 001) Themcrease 
in the chloride concentration of muscle m the two 
senes corresponded to the onset of water diuresis 
It IS thus clear that m normal as well as m hypo- 
protemaemio rats a water diuresis can be divided 
into two stages (a) a prediuretic or absorptive 
penod, during which there was a fall of the chlondo 
concentration m both plasma and muscle, mde 
pendent of changes m them hydration, (b) an ex 
cretory penod with mcreased water load m plasma 
and tissues during which the ohlonde concentration 
returned, nevertheless, to normal values m plasma 
and reached higher than normal values m the 
muscle 


Changes in the extracellular-fluid phase of tissues 

The changes m the water content of plasma and 
the tissues, associated with changes m the concen- 
tration of electrolytes, led to variations m the 
amount of extracellular fluid of tissues 
It would seem from Tables 4 and 6 that the 
partition of water between the extracellular- and 
mtraceUular flmd phase durmg a water diuresis 
differs m normal and h 3 rpoprotemaemio ammalR 
In normal rats three stages could be recognized 
(Fig 2) an mitial decrease of the extracellular flmd 
phase of muscle (up to 30 mm after water admmi- 
stration) followed by a significant mcrease (46— 
76 mm ) endmg m a slow return to normal values 
(90-120mm ) Whenthechangesofth^extracellular 
flmd phase are correlated with the rate of renal water 
excretion, it can be seen that the mitial decrease of 
extracellular flmd phase corresponded to the pre 
diuretic period and the mcrease to the peak of the 
diuresis 

In the hypoprotemaemic rats, although the 
average changes m extracellular flmd phase of 
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Table 4 The effect of vxiter adviimetration on the extracellular- and intracellular -flutd phases 
{chloride and sodium) of tissues in normal rata 

(The values are means and standard errors Number of rats m parentheses ) 


Stage of observation 

Before rvater admmistration 
15 mm. after water admmistratron 
30 mm. after water admmistration 
45 mm after water administration 
60 m m after water administration 
75 m i n, after water administration 
90 mm after water admmistration 
120 m in after water administration. 

Before water administration 
15 mm after water administration 
30 mm. after water admmistration 
45 mm. after water administration 
60 mm after water administration 
75 min after water administration 
90 mm. after water administration 
120 mm. after water administration 


Extracellular flmd phase 
(mL/lOOg) 

Cl~ Na 


16 

8±0 

60 

(27) 

16 

9±0 

63 

15 

3±0 

27 

(20) 

16 

4±0 

47 

18 

9±0 

90 

(18) 

18 

0±1 

00 

20 

8±0 

85 

(18) 

21 

1±0 

86 

20 

5±0 

88 

(16) 

20 

5±1 

18 

20 

6±0 

60 

(16) 

20 

7±0 

70 

18 

3±0 

80 

(12) 

20-4 ±0 

78 

17 

1±0 

49 

(12) 

16 

6±0 

74 

22 

0±2 

60 

(11) 

21 

3±1 

55 

25 

9±2 

76 

(9) 

23 

8±2 

42 

34 

4±3 

60 

(7) 

32 

6±3 

57 

32 

o±i 

40 

(7) 

33 

4±3 

90 

27 

0±2 

91 

(6) 

26 

3±4 

32 

30 

1±2 

39 

(6) 

30 

2±3 

15 

30 

6±1 

87 

(6) 

32 

9±2 

50 

31 

5±1 

70 

(6) 

28 

1±1 

95 


Intracellular flmd phase 
(ml /lOOg) 



ca“ 

Na 

Muscle 


(17) 

69 0±0 60 (27) 

68 8±1 11 

(9) 

61 6±0 40 (20) 

61 6±123 

(11) 

68 2±0 86 (18) 

69 Oil 04 

(13) 

66 6±0 89 (18) 

66 3i0 88 

(12) 

67 3±0 93 (16) 

67 3il 13 

(16) 

66 7±0 63 (16) 

66 7i0 64 

(12) 

68 6±0 78 (12) 

66 5i0 82 

(12) 

69 3±0 69 (12) 

69 7i0 80 


Liver 


(10) 

48 8i2 

05 

(11) 

60 

li2 

03 

(9) 

45 6il 

66 

(9) 

47 

6±1 

20 

(7) 

37 6±3 

05 

(7) 

40 

6±3 

03 

(7) 

40 8il 

43 

(7) 

39 

2±3 

80 

(5) 

44-7i3 

40 

(0) 

46 

0i4 

93 

(6) 

41 6il 

76 

(6) 

41 

3i3 

03 

(6) 

41 6±3 

40 

(6) 

39 

4±2 

53 

(6) 

40 3il 

75 

(6) 

43 

7i2 

30 


(17) 

(9) 

( 11 ) 

(13) 

( 12 ) 

(16) 

( 12 ) 

( 12 ) 


( 10 ) 

(9) 

(7) 

(V) 

( 5 ) 

( 6 ) 
( 6 ) 
( 6 ) 


Table o The effect of vxiter administration on the extracellular- and intracellular fluid phases 
{chloride and sodium) of tissues in hypoproteinaemic rats 


(The values are means and standard errors Number of rats m parentheses ) 


Extracellular flmd phase 
(ml /lOOg) 


Intracellular flmd phase 
(ml/lOO g ) 


Stage of observation 

' Cl- 


, 

Na 

cn~ 

Na 




Muscle 


Before water admmistration 

449iig0 

(29) 

43 6±2 08 (11) 

32 3il 64 (29) 

33 8i0-70 

15 mm. after water administration 

41 9i2 10 

(10) 

38 8il24 (10) 

35 5il 86 (10) 

38 7il24 

30 mm. after water admimstratiou 

44 2 i3 41 

(12) 

42 0i3 90 (8) 

32 7i3 00 (12) 

35 0i3 72 

45 min after water administration 

46 2i3 51 

(10) 

44 0 i4 66 (6) 

31 4i3 40 (16) 

33 6i412 

60 mm. after water administration 

49 li2 42 

(20) 

61 6±4 67 (8) 

30 0i2 40 (20) 

26 9i3 67 

75 Tuin. after water administration 

— 


— 

— 

— 

90 min, after water administration 

41 li2 46 

(7) 

42 2i2 29 (7) 

37 0i2 72 (7) 

36 0i2 66 

120 mm. after water administration 




— 

— 

— 




Liver 


Before water admimstration 

35 4i2 06 

(11) 

32 6il 91 (11) 

39 5i2 62 (11) 

42 2i2 14 

16 mm after water administration 

39 8il22 

(10) 

37 9i2 75 (10) 

35 Oil 16 (10) 

37 0i3 03 

30 mm after water administration 

40 8 i3 14 

(8) 

33 4i2 38 (6) 

33 8i3 12 (6) 

41 2i2 62 

45 mm. after water administration 

39 4i3 42 

(6) 

32 3i2 02 (6) 

34 9i3 69 (6) 

41 8il 87 

60 mm. after water administration 

40 4i3 66 

(8) 

37 2 i3 76 (8) 

34 8i3 64 (8) 

38 0i3 67 

75 mm. after water admimstration 

— 


— 

— 

— 

90 mm. after water administration 

33 6il 07 

(7) 

30 Oil 64 (7) 

41 8±0 83 (7) 

39 4il 37 


120 min, after water administration 


( 11 ) 

(10) 

( 6 ) 

( 6 ) 

( 8 ) 

(7) 


muscle re^mbled closely, both m magmtude and 
direction, those observed m the normal animals, such 
changes cannot be regarded as significant owing to 
the large standard error of each group (Table 6) 

Changes in the intracellular -imter phase of tissues 

It has been shown m the present senes of espen- 
ments on normal rats that durmg a water diuresis 
the total water load of muscle and its extraceUuIar- 
flmd phase mcreased m a parallel manner But it is 
not clear whether these simulteineous mcreases are 
of the same magmtude, i e whether the mcrease of 


the extracellular -flmd phase can be smcoimted for 
by the increase of the extra water load of the 
muscle ^ 

Comparing the mean values for extracellular flmd 
and the total muscle water load (Tables 1 and 4) it 
will be seen that, whereas the extracellular -flmd 
phase mcreased from 16 8 to 20 5 ml /lOO g fat-free 
muscle (1 e by 3 7 ml ) m 60 min , that of total water 
content mcreased from 75 8 to 77 8 ml /lOO g fat- 
free muscle (i e by 2 0 ml ) m the same tune The 
differences m the mcrements represents the changes 
m the amount of mtracellular-flmd phase (Table 4) 
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It IS thviB evident that during the second or ex- 
cretory stage of -water diuresis an increase m the 
extracellular fluid phase was associated -with a de 
crease in the amount of mtracellular fluid -with a 
concurrent mcrease in the extra water load of the 
muscle (Fig 2) In agreement -with this finding is 
the observation that the loss of mtracellular -water 
-was accompamed by a loss of potassium (Table 2) 
This finding agrees -with that of Gamble, Blockfan 
Hamilton (1926), who showed that water diuresis 
may cause a marked urmary excretion of endo 
genous potassium 



Tlm« (m\n ) 

Fig 2 Changes of total -water content and of the extra 
cellular and mtracellular fluid phases in the mnsole of 
normal rate At -f- 5 % of body weight of water was 
administered « — •, extracellular and mtracellular 

flmd phases estimated in terms of ohlonde space, 
* •» eitraceHdlar and mtracellular fluid phases 

estimated In terms of sodium space, O — O, total musde 
water content The -vertical Imes represent the standard 
error 


In hypoprotemaemio animals, on the other hand, 
no clear changes m the rntracellular flmd phase of 
the tissues could he shown 'The partition of -water 
between the extracellular and the mtracellular 
flmd phases m the tissues dunng a water diuresis was 
thus completely different m normal and bypopro 
temaemic rats 


DISCUSSION 


It would appiear that m normal rats well defined 
changes m the partition of water between the extra 
cellular- and the mtracellular flmd phase of skeletal 
muscles corresponded to certam stages m the process 
of water diuresis Follovung the administration of 
water by stomach tube, and proeedmg the onset of 
diuresis, there was a significant decrease m the 
extrocellular-flmd phase of the muscle When the 
absorptive period was reaching completion and when 
the renal excretion of the administered water had 
started, the weU known mcrease of the muscle water 
load was observed A significant mcrease m the 
e-xtraceUular flmd phase concurrent -with a decrease 
of the mtracellular flmd phase could be demon 
strated at this stage IVhen the excretion of the 
extra water -a os nearly completed there was a return 
of the muscle water load and of its extracellular- and 
mtracellular flmd phases to normal values 

These results compare with Bichelherger’s (1941) 
findi ngs on unanaesthetized dogs, hut are m apparent 
contrast to those of Eggleton (1937) on anoesthe 
tized cats Eiohelberger (1941) mjected 0 9 % NnUl 
solution mtravenously mto dogs, and observed that 
durmg the period of full diuresis there was a signifi 
cant mcrease m -the extreicellular flmd phase of the 
muscle, and a shght decrease m its mtracellular -flmd 
phase In other words, the partition of water m 
Eichelberger’s (1941) dogs corresponded to that 
observed durmg the excretory stage m the present 
senes of normal rats Eggleton (1937), on the other 
hand, found that the mjection of 6 % of the body 
weight ofwater ‘ mto a loop of small mtestme brought 
to the surface through a small abdommal openmg ’ 


produced an mcrease in the -total muscle water con 
■tent accompamed by a deorease of its extracellular 
flmd phase It should be pomted out, howev er, that 
none of Eggleton’s (1937) cats was excretmg the 
administered water , m fact, some of them had their 
ureters tied 

The difference between Eggleton’s (1937) findmgs 
on the one band, and those of Eichelherger (1941) 
and of the present senes of mvestigations on the 
other, thus hes clearly m the fact that m Eggleton’s 
(1937) cats water excretion was prevented It is 
therefore likely that Eggleton’s (1937) findmgs apply 
to the prediuretic or reabsorptive penod only, a stage 
characterized by a dilution of the plasma sohds and 
by a fall of -the ohlonde concentration m both plasma 
and muscles, resulting m a decrease of the extra- 
cellular space 

In hypoproteinaemic rats the administration of 
the standard amount of water did not produce a 
sigmfioant mcrease of the water level m the plasma, 
m spite of the fact that water had been absorbed at 
the same rate at least as by normal rats Durmg the 
absorptive penod there was a marked faU of the 
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plasma' and muscle chlonde concentrations, but m 
contrast to the normal animals there was no signifi 
cant decrease m the extracelluleir-flmd phase of the 
skeletal muscle Nor weis there any significant 
mcreeise of the extracellular -flmd phase of muscle 
durmg the post absorptive or excretory period It 
would thus seem that the tissue oedema that existed 
imtiaUy m the hypoprotemaemic animals could not 
be mcreased to any significant extent by further 
administration of water 

It has mdeed been suggested that m muscles m 
which the concentrations of chlonde and sodium are 
mcreased and that of potassium decreased (1 e m 
which an mcrease of the extracellular-flmd phase at 
the expense of the mtraceUular flmd phase obtains) 
the extracellular flmd phase should not be identified 
with an ultrafiltrate of plasma (Manery, Damelson & 
Hastings, 1938) but with connective tissue diluted 
with serum filtrate The extracellular-flmd phase of 
connective tissue has been estimated to amount to 
almost 100% (Manery & Hastings, 1939) This mter- 
pretation may explam why an mcreased water load 
did not produce any significant mcrease m the extra- 
cellular -flmd phase of the muscle 

This mterpretation would also provide an ex- 
planation for the delayed and diminished water 
diuresis displayed by hypoprotemaemic rats 

In normal rats the administration of a standard 
amount of water resulted m a dilution of the plasma, 
which accordmg to accepted theories is mdirectly 
responsible for the reduction of the rate of tubular 
water reabsorption. There is a tune lag between the 
height of gastro mtestmal water absorption and the 
height of the diuresis, i e a period durmg which the 
water absorbed is lodged m the extracellular-flmd 
phase of tissues, from where it ultimately returns to 
the blood stream to be excreted by the kidneys In 
hypoprotemaemic rats the administration of a stan- 
dard amount of water did not result m a further 
dilution of the plasma the rate of tubular water 
reabsorption was thus not affected This would ex- 
plam why the water diuresis was delayed m its 
onset, and why the diuresis was partly regulated by 
an enhanced glomerular filtration rate (Dicker el al 
1946) As the rate at which water was absorbed 
from the gut was not slower than m normal rats, and 
as the extracellular flmd phase of skeletal muscle or 
hver seemed to be unable to store the amount of 
water absorbed, it must have been stored elsewhere 
Few of the rats m this senes showed any free flmd 
at a post mortem exanunation, but nearly all of 
them displayed perirenal and retropentoneal con- 
nective tissues so mueh distended with flmd as to 
give them a gelatmous consistency In several cases 
mediastmal connective tissue had the same appear- 
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ance It must, therefore, be assumed that m hypo- 
protemaermc rats water administered by stomach 
tube IS not held m the extracellular-flmd phase of 
muscle or hver, but that it cbllects m the deep 
connective tissue 

SUMMARY 

1 A standard amount of water ( 6 % of their body 
weight) was administered by stomach tube to 
normal and hypoprotemaemic rats, and the partition 
of the absorbed water between the plasma and the 
extracellular- and mtraceUular -flmd phases of certam 
tissues (muscle, hver and bram) was mvestigated 

2 In normal rats the administration of water 
produced effects which led to the division of the 
process of water diuresis mto three distmct periods 

(a) The absorptive period, precedmg the onset of 
diuresis and characterized by a dilution of the 
plasma accompamed by a fall m the chlonde and the 
sodium coneentration of both plasma and tissues, 
resultmg m a decrease of the extracellular-flmd 
phase 

(b) The excretory penod, correspondmg to the 
height of the water diuresis accompamed by a 
marked mcrease m the chlonde and sodium concen- 
tration of muscle and a decrease of potassium, 
resulting m an mcrease of the extraceUular flmd 
phase and a decrease m the mtracellular-flmd phase 
of the tissue, 1 e oedema of the tissue 

(c) The tennmal penod return to normal values 
for chlonde, sodium and potassium concentration m 
plasma and tissues 

3 In hypoprotemaemic rats water administered 
was absorbed at least at the same rate as m normal 
ammals The water absorption was finished m less 
than 60 mm 

4 In hypoprotemaenuc rats the adnuniptration 
of water produced a diuresis which was delayed m 
its onset and dunmishedm its volume This abnormal 
response to water administration could bo explamed 
by the foUowmg findings 

(o) The a dminis tration of water did not produce 
any further mcrease m the plasma water content 

(6) No significant changes m the amount of extra- 
cellular-flmd phase per 100 g fat flee muscle could 
be found 

(c) The water absorbed was ‘visibly’ collected m 
the penrenal and retropentoneal connective tissue, 
which was so much distended as to have a gelatmous 
consistency 

The eiqieiiBes of this mvestigation were partly defrayed 
by a grant from the Colston Research Committee, whose 
help IB grateftilly acknowledged The author wishes to 
thank Mum P A Ashby for her techmcal assistance 
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Chemical Constitution and Insecticidal Action 

1 ORGANIC SULPHUR COMPOUNDS 

By W H DAVIES and W A SEXTON 
Research Laboratories, Imperial Ohemteal Industries Ltd , Blackley, Manchester 


{Received 5 March 1948) 


Until the discovery of the newer synthetic insecti- 
cides of the chlorinated, hydrocarbon class, such as 
DDT and y benzene hexacblonde, organic com- 
pounds of sulphur had attracted considerable atten 
tion, and this work led to the commercial mtro 
duotion of the long cham alkyl thiocyanates, to 
phenothiazine (ongmally as an insecticide but later 
developed as an anthekomtic) and more recently to 
tetraethyltbiuram sulphide, an acancide used m the 
treatment of scabies and mange D urmg the last ten 
years we have made an extensive mvestigation of 
the insecticidal action of orgamc sulphur compounds, 
m collaboration with the Hawtbomdale Laboratory 
of J ealott’s HiU Research Station (Imperial Chemical 
Industries Ltd ) where the entomological testing was 
earned out Although these investigations did not 
result m the mtroduotion of any new commeroial m- 
seotioides, nevertheless, marked msecticidal activity 
was found m certam types, and the correlation of 
structure with activity presented pomts of con 
siderahle mterest It is the purpose of this com 
mumcation to record some of our ohservations on 
this subject 


METHODS 

All compounds were submitted to rontme sortmg tests, 
and from the resnlts the more promising were selected for 
extended evaluation. The extended teats necessitated the 
preparation of a variety of types of emulsions and dis 
permons (CoHle, EUingworth & Robertson, 1939, Colhe, 


Davies A Sexton, 1939 , Horland A Sexton, 1943) suitable 
for the practical apphcation of the poisons This aspect of 
the research is mentioned only so for as it provides data 
confirmmg the higher aotivitiea found by the sorting tests 
and illnstrates the selective poisomng effect on inseot 
species 

Contact tnseeitcides Xte sorting tests were earned out m 
the Tattersfield spraying apparatus namg aphids (-iffacro 
siphum spp except where otherwise stated, the choice of 
species bemg governed by its avadabihty at the tamo of the 
test), or adult blowflies (Oalliphora erythrocephala Meig ) os 
the test insects The compound to be tested was dissolved 
in ethanol, and poured mto a 0 1 % aqueous solution of a 
surface active agent of the sulphonated hydrocarbon type, 
the concentrations bemg snoh that the final spray con 
tamed the substance dispersed m 60% ethanoL In certain 
instances it was necessary to use acetone instead of ethanoL 
As it was appreciated that the orgomo solvent imght play 
a significant port m the apparent toxioities, controls were 
earned out with sprays of similar composition fimm which 
the poison had been omitted, the ‘absolute mortality’ due 
to the substance under test was calonlated by the formula 

Percentage absolute mortahty 


(number killed by poison spray) 

- (number killed by contr ol spray) 

(total number of mseots) ~ ^ 

— (number killed by control spray) 


In spite of this adjustment, the ethanol may have played 
a part m altermg penetration of the inseot outiole by the 
poison (Hurst, 1943) so that the figures of ‘absolute 
mortahty obtamed may have been, considered as absolute 
values, false It is felt, however, that for closely related 
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of compounds exammed, results parallel to those 
obtamed with the benzthiazole derivatives m that 
blowflies and gram weevils were more susceptible 
than aphids 

Tests vnth N -alkylated derivatives 
of 2-thwlbenzthiazole 

The tests m this senes were conflned to the lower 
N alkylated denvatives of type (II) which were 
readily obtainable by methods already mentioned 
An important difference m the relative susceptibflity 
of different msects to the isomenc S- and JV-alky- 
lated pairs was revealed, for whereas the iS-alkyl 
denvatives had low toxicity to aphids and high 
toxicity to blowflies, the N -methyl compound, which 
received the most study, was highly toxic to aphids 
and relatively non-toxic to blowflies The results 
with these and related compoimds are summarized 
m Table 3 In the JV-alkyl senes, the lowest member 
was the most active aphicide It will be seen from 
Table 3 that replacement or mterchange of > S, > O 
and >3VS groups could exert marked effects, and 
the S denvative was not always the most toxic 


Table 4 Ooniact insecticidal activity of derivatives 
of carbamic acid 

Percentage absolute mortality 

/ ^ > 

Compound Blowflies (0 6%) Aphids (0 2%) 


CeHsNH COOCH3 
CaHjNH COOCjHs 

C.HsNH CSOCH, 
C^HjNH COSCH, 
C.HsKTH COSCtHj 
C«HjNH CSOC3H, 
CjHjNH CSOC^H, 
CjHsNH CSSCH, 
CSSC^Bi, 

C.HsNH CSSCA 

C,HjsNH CSS0H.0,H4 
C,H5(CH,)N COOCH, 
C,H5(CH,)N COOCjHs 
C.HtCCHjlN CSSCH, 
GA(OS,)N CSSG^R, 

C.HdCjHslN COOCH3 

C,H5(CjH5)N COOCjHj 
C.HslCjHdN CSSCH, 
CSSCA 

(CHjkN COOCH, 
(CHjljN COOC.Hj 
(CHJ^ CSSCHj 


68 

4(a) 

87 

0(a) 

96 

23 ( 0 ) 

81 

0(a) 

100 

4(a) 

92 

86(6) 

66 

n(b) 

31 

0(a) 

76 

28(a) 

84 

45(a) 

57 

0(a) 

2 

0(6) 

40 

6(6) 

9 

17 (6) 

0 

56(6) 

16 

23(6) 

69 

0(6) 

28 

27 (6) 

6 

24(6) 

0 

6(6) 

0 

3(6) 

— 

3(6) 


The aphicidal properties of the N-metfayl com- (a) Macrosiphum spp (6) Roralts rumtcts L 

pound, 2 thio 3-methylbenzthiazolone, were m- 


vestigated thoroughly, and clear evidence was 
obtamed that the activity was not due to the 
ethanol m the spray, mdeed this may even have 
lowered the aphicidal activity A concentrated 
emulsion was prepared by dissolvmg 10 parts of 2- 
thio 3-methylbenzthiazolone m 55 parts of cotton- 
seed oil and emulsifying with 26 parts of water with 
the aid of 10 parts of a sulphonated cod oil This 
emulsion, diluted with 0 1 % ‘ Agral’ Liqmd Wetter, 
was sprayed on plants infested with several species 
of aphids High kills of the msects were obtamed, 
sometimes even at spray concentrations of less than 

0 025 % active mgredient Other emulsions gave 

1 similar results The aphicidal activity was, however, 
generally lower than that of dodecyl thiocyanate, 
and the practical utilization of this compound was 
limited hy occasional damage to plants 

Tests on carbamates and thiocarbamaies 


Tests on thiocarbimide (iBothiocyanate) denvatives 

The 'insecticidal activity of thiocyanates differs 
from that of the correspondmg thiocarbumdes (tso- 
thiocyanates), just as does the fungistatic activity 
Though dodecyl thiocyanate is a powerful contact 
insecticide, the correspondingtfiothiocyanateismuch 
less active experiments with bedbugs and houseflies 
have shown that it is almost without action on these 
insects 

In the aromatio senes, the thiocarbumdes are 
powerful insecticides (Goldschmidt & Martm, 1937), 
and the a naphthyl compound has been developed 
commercially as a fly spray The starting pomt for 
the results recorded here was phenylthiocarbumde 
Durmg a search for new compounds havmg a high 
toxicity to locusts, it was observed that this sub- 
stance was highly toxic when used m a poison bait, 
but its volatile nature precluded its practical apph- 
cation Attention was, therefore, directed to less 


An obvious extension of the types of compound volatile denvatives which might be expected to 
contammg adjacent S, C and N atoms was to de- break down to phenylthiocarbumde in vivo, and the 
nvatives of dithiocarbamic acid. Smce, moreover, reaction products ofphenyldithiocarbamic acid with 
mterchange of sulphur and oxygen m this class bad formaldehyde and ammoma or primary ammes, the 
not led to marked alterations m fungistatic activity so called ‘carbothialdmes’, were studied m some 
(Davies & Sexton, 1946), or even to a more limited detail Dunngthe course of this work their constitu- 
extent m selective herbicidal activity (Templeman & tion as reduced thiadiazmes (HI) was established 
Sexton, 1946), a comparison of the insecticidal (Amley, Davies, Gudgeon, Harland& Sexton, 1944) 
activity of carbamates and thiocarbamates was The first substance exammed was ‘phenylmethylene 
necessary The results of contact teats are given m carbothialdme’ (B=H, B' = CgH 5 ), which was 
Table 4 As stomach poisons agamst Sitophilus^ obtamed as an amorphous powder by treatmg 
grananits nearly all were less toxic than lead ammomum phenyldithiocarbamate with formalde- 
arsenate hyde under controlled conditions The crude pro- 
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duct, which could not be purified because of its 
instabihty, proved higlilj'- tovic to locusts More 
stable, crystalline compounds of the same type were 
obtamed by usmg primary ammes m place of 
ammoma, thus givmg ‘ carbothialdmes ’ m which 
i?= alkyl the preparation and properties of these 
compounds are described elseuhere (Ainley ct al 
1944 , Gudgeon, Harland Su Sexton, 1943) In testmg 
as locust poisons, the substances were ground with 

R'N NR 

(HI) 

an equal weiglit of talc, and the residtmg 60 % dusts 
were made mto baits by mixmg with bran, molasses 
and water m the proportions 1 56 2 84 Locusts 
{Locusta migratoTia mrgratonoides R (Su F 3rd instar 
hoppers) were allowed to feed on the mixtures, and 
the mean mortahty determmed after 20 hr a 
similarly compounded sodium arsemte bait was used 
as a standard. The results with a senes of compounds 
(Table 6) showed that substitution m the phenyl 

Table 6 Toxtciiy of compounds of formula 
{III) to locusts 


Constitution 

Mean percentage 
mortahty after 

Flip /onrliFifvi 



XU IXr ytiumULLL 

B' 

R 

arsemte =8%) 

C.H. 

CH, 

100 


C.H, 

7 


C,H, 

100 


C.H, 

63 


(CH,)jCHCH, 

68 


eyeZohexyl 

<10 


C.H^OH 

100 


— CH,CH,— * 

08 


-dCHJ,-* 

<10 

(y)CH,C.H, 

CH, 

88 

(plOlC.H, 

OH, 

62 

(p)HOC,H* 

CH, 

<10 

OH, 

CH, 

88 


C,H, 

74 


— OHjCH,— * 

<10 

C.H. 

C.H, 

74 


* These are double molecules comprising two heterocydio 
nuclei united by the divalent group R 

group reduced the toxicity, and that the nature of 
the group R also had a marked effect The result 
with the second .compound m Table 6 apjiears 
anomalous Further tests, m which the amount of 
poison m the bait was reduced showed that no com 
pound was more toxic than (LH) {R = CH, ,R'= CjHj) 
This was next evaluated against different insects, 
when it was observed to be highly toxic to crickets 
and to the large white cabbage butterfly caterpdlar 
(Plena brassicae L ) It was of low toxicity to wmter 
Bioohem 1048, 43 
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moi\i\awae {Opcrophtcrahrumata'L ),andnon toxic 
to the diamond back moth {Plutdla macidtpennts 
Curt ) and to aphids This compound, therefore, pro- 
vides another outstandmg example of selective 
insecticidal action 

The rdaUve susceptibility of different insect species 

The pronouB tables show that mdividual com 
pounds have considerable selective insecticidal 
action agamst aphids or blowflies This is character 
istic of organic compounds, not only when employed 
as contact insecticides, but also, as con bo seen from 
the rapidly growmg literature on the subject, m 
their antibactennl, antiprotozoal, fungicidal and 
herbicidal activities It is further illustrated in the 
case of insecticidal action bj' the figures m Table 0 
where stomach poison tests are considered The first 
three columns refer to tests by the ‘biscmt’ method, 
and the lost five columns to tests m winch various 
maect larvae were allowed to feed on foliage sprayed 
with dispersions of the insecticides In these tests the 
mortahty by load arsenate, which was used as a 
standard of comparison, was 100% unless other- 
wise mdicated by a figure m brackets An out- 
standing example of this selective toxioitv is the 
first compound m the list, 2 methylthiobenzthiazole, 
which VOS very toxic to Sitojyhilus granarius, 
Ephestia Lilhnidla, vanessids and Hypoenta jaco- 
baeae, but relatively non toxic to Corcyra cepha- 
lontca and Operophtera hrumata 

DISCUSSION 

Lauger, Martm A Muller ( 1944) have put forward the 
hypothesis regordmg contact insecticidal action that 
the molecule should contam a groupmg responsible 
for its toxic action, and a ‘earner’ groupmg con 
femng hpid solubihty enabhng the compound to pass 
through the fatty and hpoprotem layers of the 
insect cuticle It is of mterest to examme this hypo 
thesis further, particularly m the hght of the results 
now recorded As Lkuger et al (1944) pomt out it is 
difficult to decide m compheated molecules such, 
for example, as the pyrethnns, which part repre 
sents the toxic groupmg and which the hpophdic 
earner We would prefer to speak of (o) the chemi- 
cally funettonmg group or groups of the molecule, 
and (6) the physico chemical properties, for example, 
of hpid and water solubihty, surface activity, etc of 
the molecule as a whole By chemically functionmg 
group IB meant the group which is responsible for 
attachment to cell constituents The force of attach 
ment may not be strong m absolute terms, but if the 
muon IS of sufficient stabdity to disturb a dehcate 
balance of dynamic biochemical processes then 
biologicffi activity may result This conception of the 
dual contribution towards biological activity sliould 
not be apphed too ngidly for the two factors may, to 

30 
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some extent, be interdependent The chemically 
functionmg groups may have their contribution to 
make towards physical properties, particularly when 
the lesser mteratomic forces such ns those of tho 
hydrogen bond are concerned Physical causes may 
predommate m insecticidal action, and m these m 
stances certam characteristic effects can be observed 
These have been considered m relation to biological 
activity generally on a thermodynamic basis by 
Perguson (1939), and they molude the effects on 
variation m homologous senes, includmg the peak 
effect noted m the aphicidal properties of alkyl thio 
cyanates, and m several instances reported m this 
paper Another characteristic mnmfestation of 
physical mechanisms is the varying response of 
different biological species (cf Ferguson, 1939) to 
the same compound Marked specificity of m 
secticidal action is recorded m this paper This is 
probably a more general effect of organic insecticides 
than has been realized, for the more potent contact 
msecticides are usually used at such lugh strengtlis 
relative to their absolute potency that selective 
effects may be obscured Tlie chermcally functioning 
groups m the compounds reported here are not 
identical, although the compounds nearly bU eon- 
tam the sequence of atoms — S — C — N — In the 
powerfully insecticidal aliphatic tluocyanates, the 
critical feature of the molecule is probably the 
abflity of the carbon atom of tho — SON group to 
accept electrons (Hoggarth & Sexton, 1947) In the 
2 alkylthiobenzthiazoles and the isomenc N-alkyl 
compounds, on the contrary, donation of electrons 
would appear to be the characteristic function 
leading to chemical reactivity, for they readily give 
addition compounds with bromme and with copper 
salts Much more drastic experimental conditions 
are required for other types of reactions, for 
example, hydrolysis, requmng electron accession to 
the carbon atom As already mentioned, the cychc 
type of compound (111) is believed to act through 
conversion to the aryl thiocarbumde which m turn 
reacts with a cell constituent Although there is no 
conclusive evidence for this breakdown in mvo, the 
conception is supported by the finding (hitherto un- 
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published) that the fungistatic activity of compounds 
of typo (in), in which substituents m tho aryl 
nucleus are varied, exactly parallels that of the corre 
spondmg thiocarbimides (Davies & Sexton, 1946) 

It 18 to be noted that the mterohange of oxygen 
and sulphur m tho carbamates (Table 6) has minor 
effects which might well be ascribed to no rtiore than 
tho differences m physical properties The same 
absence of major effect on substitution of oxygen for 
sulphur was observed m tho fungistatic activities of 
these substances (Davies &. Sexton, 1940) 

SUMMARY 

1 The toxicities by contact and by stomach 
action of organic sulphur compounds of tho following 
classes to various msects are recorded benzthiarolo 
derivatives and related qumolmo and oxazole com- 
poimds, thio- and dithio carbamates, substituted 
tluadiazmos (‘carbothialdmes’) 

2 Tliere is a marked selectivity m the action 
of the various substances agamst different insect 
species ^Marked contact aphicidal activity is shown 
by 2 thio 3 methylbenzthiazolone (II, JR = CH,) and 
high toxicity to locusts (stomach poison) by the 
thiadiazme {IH) (li = CHs , J?' = C,Hj) 

3 The results as a whole are discussed m relation 
to the hypothesis of Lauger, Iffartm & JIuller (1944) 
which relates contact insecticidal action to the pre- 
sence m the molecule of a ‘toxic’ group and a 
‘ earner ’ group, and it is concluded that the physical 
properties of the molecules concerned play a domma- 
tmg part m decidmg their insecticidal activity 

Wo aro mdehted to Prof A Eobertson of Liverpool 
UmverBity and Dr P P Keed for the original preparations 
of 2 alkylthiobenzthiazoles and tho preparation of the 
quinoline donvatives Certain other compounds were pro 
pared as described m papers referred to m the text by Dr 
A. D Ainley, Dr H Gudgeon and Dr J C Harland Tho 
emulsions were prepared by Dr B CoUie We wish to make 
acknowledgement also to the entomologists at Hawthorne 
dale Laboratones, Jealott's Hill Research. Station, where 
the biological testing methods were devised and the routme 
evaluations earned out, and partionlarly to Messrs M. D 
Pnee and F J D Thomas who were associated with this 
work fiom its commencement 
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Chemical Constitution and Insecticidal Action 

2 SUBSTITUTED a AJVm^ONITRILES 

By A D AINLEY aotj W A SEXTON 
Research Laboratoriea, Imperial Ohemtcal Industries Ltd , Blackley, Manchester 

{Received 6 March 1948) 


The high contact msecticidal activity of certain thio 
cyanic esters of alcohols of appropriate molecular 
weight and stereochemical composition prompted 
the mvestigation of other compounds containmg the 
cyano group So far as is known, the insecticidal 
activity of nitriles la markedly less than that of the 
correspondmg thiocyanates From our own obser 
vations, for example, lauromtnle has only a fraction 
of the aphicidal activity of dodecyl thiocyanate If, 
as has been suggested by Hoggarth & Sexton (1947), 
the msecticidal activity of the thiocyanates is m 
part due to the special chemical reactivity of the 
carbon atom m the SON group, then it follows that 
the mtroduction of other groups which modify the 
reactivity of the C atom of the CN group m a similar 
way may be expected to give compounds having 
msecticidal properties 

The cyananudes were considered smce they, like 
the thiocyanates, have the CN group separated from 
the rest of the molecule by a heteroatom, but an 
mvestigation with Dr W H Davies showed that 
their high chemical reactivity (notably their ten- 
dency topolymenzation)renderedthem unattractive 
for the purpose m view The separation of the 
mtrogen atom from the CN group gives the a ammo- 
mtnles, a class of compound which is readily pre 
pared vnth a variety of structural permutations 
Although these have additional reactive features 
(see Discussion, p 472) the CN group can he hydro- 
lyzed imder appropriate experimental conditions, as 
can the CN group m the thiocyanates It was, there 
fore, decided to conduct a systematic mvestigation 
mto their msecticidal activity Some very powerful 
insecticides were thereby discovered from amongst 
the many dozens of compounds exammed (see CoUie, 
Hill & Sexton, 1939, Sexton, 1939) 

Our work was mterrupted by the war, and smce 
then the appearance of the newer chlormated hydro- 
carbon contact insecticides has not encouraged us 
to reopen the mvestigation Nevertheless, pomts of 
considerable theoretical mterest emerged, and this 
commumcation records such of the results as have 
a hearmg on the problem of correlating constitution 
with activity Smce our work was earned out, 
certam compoimds of this broad chermcal class have 
been foimd by Siegler & Gertler (1946) to be toxic 


to codhng moth larvae {Qydia pomonella L ), but so 
far as we are aware they have not been mentioned m 
any other scientific pubhcation 

METHODS 

Preparation of compounds 

The general preparative methods are based upon the 
pnnoiple of condensing an aldehyde or ketone oyanohydnn 
with NH, or a primary or secondary amine, and four 
vanations of erpenmental technique were employed (Jay t 
Curtius, 1894, Knoevenagel, 1904, KOtz & Merkel, 1926, 
Walther & Htibner, 1916) Tnmeno methyleneanunoaceto 
nitnle (‘a hydfoformamme oyamde’) was obtamed by the 
‘hteiature’ method {Organic Syntheses, OoU Vol j, 348, 
Johnson & Eonehart, 1924) Many of the other compounds 
had already been deaonbed m the hterature, but some were 
new, and where these had marked biological aotivify, their 
identity was checked by elementary analysis Details of the 
preparation of three of the most important df the new 
compounds are appended, and Table 1 gives the properties 
of all the new compounds 

a Phenylmethylaminooctoic nitnle, 

C.H5(CH,)N CH(C,H„)CN 
Purified heptaldehyde (405 mL) was added dunng 30 min, 
with stunng to 40% NaHBOj solution (616 mL) The hot 
solution was then treated with methylanihne (360 ml ) 
durmg 20 mm., during which tune the reaction mixture 
assumed a jelly like consistency After 2 6 hr at 70-76° the 
mass became transparent and flmd A solution of 90% 
NaCN (180 g ) m water (360 ml ) was then added dunng 
20 min., the temperature being kept below 70° Stunng 
was contmued for a further 20 min., and after addition of 
1 L of water, the supernatant od was separated, washed and 
dned. Yield, 667 g (82 %' of theory on heptaldehyde) The 
material had b p 166-167°/2 mm , and when fr^hly dis 
tailed was a white fluorescent oiL On storage it gradually 
turns yellow (Pound C, 78 86, H, 10 0, N, 11 7 CxjHtjNj 
requires C, 78 3, H, 9 6, N, 12 1% ) ' 

a6 Bis{a.'-cyanoheptylamtno)eihane, 

[— OHjNH CH(C,H„)CN]j 
Purified heptaldehyde (134 iM) was added to 40% 
NaHSO, solution (310 ml ) The solution was mamtamed at 
60° for 30 mm , when 90% ethylenediamme (37 ml ) was 
added After 2 hr stunng at 60°, a solution of 90 % NaON 
(66 g ) m water (172 ml ) was run m (30 mm ), and after a 
further 30 ttuti the oil was separated and washed first with 
brme, then twice with water It was dried over MgS 04 and 
slowly sohdified, givmg white plates (fi'om hght petroleum), 
mp 46° (Pound C, 70 3, H, lO'O, N, 18 1 
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requires C, 70 0 , H, 11 1, N, 18 3% ) Treatment m glacial 
acetio acid mtliNaNOs gave tho dnufroso dcnvatvvo, m p 
84r-87° (Found N, 22 6 Cj,Hj.OjN, requires N, 23 1 % ) 
Ab originally prepared, tins substance was an od, and it 
was only when further preparations were made that it was 
eventually obtamed m the sohd state Sohdlfication of 
the oil IS sometimes extremely slow, and the earhor tests 
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were performed with hqmd preparations Biological tests 
showed, however, that there was practically no difference 
in aphicidal activity between the onginol hquid pro 
porations and the pure solid, and the onginal preparations 
aro considered to consist substantially of the desired 
matonol Heptaldehydo cyanohydnn, a possible con- 
tammant in the hqmd matonol, was not aphicidah 
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Table 1 Preparation and properties of new amtnomtriles 


No 

Formula 

Physical constants 

23 

C.HjNH CH(CH,)CN 

Mp 90-91° 

27 

HOC,H«NH CH{C5H,)CN* 

Bp 12fr-128°/20 mm 

24 

C,H,(CH,)N CH(C,H,)aN 

Bp 162-164°/16 mm 

20 

C,Hs(CjH,)N CH(C,H,)CN 

B p 166-16G°/15 mm 

29 

HOCjHiNH CH(C,H5)CN 

B p 100°/16 mm 

11 

(CH,) N CH(CeHj,)CN 

B p 120°/1C mm 

12 

(O.H.l.N CH(C,H„)CN 

Bp 171°/17mm. 

10 

(CjHn) N CH(C,H„)CN 

B p 185-190°/18 mm 

30 

CjHjiNH CH(C«Hi,)CN 

B p I 7 O 7 I 8 mm 

31 

cycloC.HuNH CH(C,H,5)CN 

B p 160°/10 mm 

16 

<;^N CH(C.H,JCN 

B p 160°/16 mm 

16o 

0((^N CH{C4H„)CN 

Low m p , b p 160°/16 

28 

HOCiH^NH CH(CeH„)CN 

Mp 78-80° 

26 

C.HjNH CH(C,Hi,)CN 

Bp 170°/17mm 

17 

C.H5{CH,)N CH(C,H„)C!N 

Bp 166-167°/2mm 

19 

C,Hi(C,H5)N CH(C,Hi,)CN 

Bp 192-194°/18 mm 

36 

cycloC,H„NH C(CH,),CN 

M.p 52-53° 

37 

H0C,H,NH C(CH,),CN 

Bp 101-103°/27 mm 

42 

C.HjNH C(CH,)[CH, CH (OH,)J ON 

Mp 62-53° 

45 


Mp 72-73° 

47 a 

\->^N(C,H,), 

Liqmd 

10 

(C,H,).N CH(C„H„)CN 

Waxy solid 

63 

{— CHjNH qCHjKCtHslCN], 

Mp 46-47° 

63 

[-CH.N(CH,) OH{O.H„)ON], 

Mp 48-61° 


r — c®»\ “] 


67 

>N CH(CH,) CN 

M.p 165° 


L — CH,'^ J, 


68 


Mp 149-161° 

69 

(p)C.H.[NH 0H(C,H,)CN], 

Mp 116-118° 

60 

(p)C.H,[NH CH(C,H„)CN], 

Mp 146° 

51 

. [-CH,CH,CHsNH CH(C,H,)CN], 

Undistfllable hqmd 

62 

[— CH,CH,CH*NH OH(C,H„)CN]. 

Undistfllable hqmd 

81 

CH(C,H,)Cn]^ 

Mp 182-184° 


Undistfllable hqmd 


C(CH,)(C„H«)GN], 

X* — JB 

s,"‘ “T ““ ““ ““ 

tom H, bm bam Mly 

IbH., O.H., C.H„, mdimb, „om,l pnmmy Arnghtcta 
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aP Bts(N-methyl a' cyanoheplylamvno)eihane, 

[-CHjN(CH,)CH(C,H„)CN]. 
Eedistilled heptaldehyde (22 8 g ) was slowly run into 40% 
NaHSOa (67 2 mL) at 60-70° After 30 min a solution of 
NN' dimethylethylenediamine ddiydiochlonde (16 1 g ) in 
2N-NaOH (100 ml ) was added After farther stimng (1 hr ) 
at the same temperature, a solution of NaCN (12 g ) m 
water (18 mL) was added The od which separated was 
washed with bnne, and dried with JlgSO^, yield, 32 8 g 
(94% of theory) It could not be distdled without decom 
position, but it sohdified slowly and had m p 48-61° (from 
methanol) (Found C, 71 96, H, 10 8, N, 17 3 
requires C, 71 8, H, 11 4, N, 16 8% ) 

Biological testing 

Sorting tests were earned out usmg aphids (usually the 
chrysanthemum aphis, Macroaiphonidla sanbonn G , but 
the bean aphis, Doralts rumtcia L {=Aphia rumicis L, 
(fabae Scop )), when the former were not available) and adult 
blowflies (CalUpbora erythrocephala Meig ) with contact 
spraying in the Tattersfield apparatus, and for stomach 
poisonmg effects u sin g the gram weevd, Sttophilua granariue 
L , winch was allowed to feed on ‘biscmts’ prepared from 
flour and water contauung the substance under test These 
methods, mduding the methods used for the preparation 
of the sprays, are desonbed by Davies L Sexton (1948), 
in bnef, the dispersions for spraying were made by adding 
ethanoho solutions of the substances under test to a ddute 
solution of a dispersing agent, so that the final sprays con 
tamed 60% ethanoL The possible mterfenng efi'ect of the 
ethanol was appreciated, and the activity of promismg 
substances was confirmed by the exammatioa of specially 
prepared diversions The ethanol dispersion techmque 
served to provide a standard method of presentation, 
apphcable to most of the compounds exammed, and so to 
permit compansons of activity m groups of closely related 
compounds Cases where this dispersion techmque was not 
apphcable are noted m the tables In the stomach poison 
tests, lead arsenate was used as a standard of comparison, 
and the figures m brackets m Table 2 are the toxicities of 
lead arsenate m the mdividual experiments Toxicities are 
expressed as ‘absolute mortahty’, a figure derived after 
adjustment for mortahties caused by sprays or ‘biscmts’ 
from which the poison was omitted (Davies Sexton, 
1948) 

EESULTS 

The earhest tests were stomach poison tests, and, 
usmg the ‘biscmt’ method, a-hydroformamme 
cyanide was found to he highly toxic not only to the 
gram xveevd, but also to the flour moth, Ephestia 
kiihniella ZeU , and moderately toxic to leather- 
jackets It was without effect on nee moth larvae 
{Corcyra cephalontca Stamt ) Immodiacetomtrile, 
NH(CH 2 CN) 2 , was also toxic to the gram weevil, but 
the methylene denvative of this, CHj[N (CHjCN) 2 ] 3 , 
was non toxic It was these results which led to the 
d,ecision to conduct a systematic mvestigation mto 
the a-armnomtrfles The results of the sorting tests 
are summarized m Table 2 

The results of the above prelirmnary evaluation 
showed that high aphicidal activity could be 
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obtamed with compounds of the ammomtnle class 
The next stage of the mvestigation was, therefore, a 
further exammation of the more promismg com 
pounds at greater dilutions, and also an extension of 
the mvestigation to compounds derived from di 
ammes In selectmg compounds for further study 
some account was taken of them potential avail 
abflity The results of the further sorting tests, usmg 
the standard ethanol dispersion method on chrys 
anthemum aphis m the Tattersfleld apparatus, are 
given m Table 3 

Smee most of the flgures for mortahty m Table 3 
had been obtamed by usmg the 60 % ethanol sprays, 
it was necessary to make compositions which could 
be diluted with water to provide sprays which were 
essentially aqueous m nature, though the presence 
of a surface active agent as emulsifier was of course 
necessary F or this purpose concentrated emulsions 
of the following composition by weight were pre- 
pared and were diluted either with water or with 
0 1% ‘ Agral 2 ' (wetting agent) and sprayed on 
chrysanthemum aphis usmg the Tattersfield appa 
ratus 

1 CeH 5 (CH 3 )N CH(C,Hi 3 )CN (Compound 17) 64%, 
ethanolamme oleate 38%, ethoxyetbauiol 10% 

2 [ — CHjNH CH(CjH 7 )CN ]2 (Compound 49) 16 6%, 
sulphonated cod oil 38 3 % , ethoxyethanol 46 1 % 

3 Compound 49, 20%, ‘Agral’ Liquid Wetter 43%, 
ethoxyetbanol 37 % 

4. Compound 49, 8 3%, castor oil 16 7%, tnohloro 
ethylene 47%, casern 4 6%, borax 21%, water 64 6% 

6 Compound 49, 9 1 %, tnethanolamme oleate 89 1 %, 
ethoxyetbanol 1% 

6 [ — CHjNH CH(C 5 Hj 3 )CN ]2 (Compound 60) 20%, 
‘Agral’ Liqmd Wetter 43%, ethoxyethanol 37% 

7 Compound 60, 16 6%, sulphonated cod od 38 3%, 
ethoxyethanol 46 1 % 

8 Compound 60, 10%, castor od 10%, tnchloro 
ethylene 46%, casern 4 3%, borax 2 1%, water 64 5% 

The results of spraymg tests with the above emul 
Bions at 0 06 % active ingredient are given m 
Table 4 Clearly, although the degree of activity was 
considerably affected by the nature of the emulsion, 
the high aphicidal activity revealed by the sortmg 
test was genume This was further confirmed by 
trials of dry dust preparations (3 % on talc) against 
bean and hop aphis, Phorodon pram Scop , on m 
fested plants, with mcotme and 2-thio 3 methyl 
benztluazolone (Davies & Sexton, 1948) moluded 
for comparison The results are given m Table 6 
Possibly the superiority of mcotme m this experi- 
ment was due to its fumigcmt action It may be 
mentioned at this pomt that, m experiments on 
mfested plants, marked variations m phytocidal 
activity between the different emulsions were also 
noted, and that the most effective emulsions from 
the aphicidal pomt of view were not necessarily the 
most phytocidal 



Table 2 Insecticidal sorting teats with {mono)a-aminomtnlea 


Porcentflgo absolute mortality 




1 

Aphids 


> - - 

Blowflies 

X- 

V 

Gram -weevils 
{‘bisouit’ 

No 

Compound 

Cone (%) 

" 0 36 

02 

0 66 

0 36 

17 

method) 

1 

O 

3 

4 

N(CH,CN), 

(CH,) N CH.CN 
(C.hJ N CH,CN 
(C,H,>,NCHjCN 

28 

3(6) 

0(6) 

3(6) 

60 

09 

97 

X 1 

22 (68)* 

8 (68) 

67 (68) 

6 

C 

7 

8 

CHjCN 

C,H5(CH,)N CH.CN 
(C Hj).N CH(CH3)CN 
(CIh,) N CH(C,H„)CN 

— 

3(6) 

3(6) 

28 (6) 

88 (6) 

85 

27 

17 

00 

1 Art 

— 

10 (68) 

83 (47) 

8 (02) 

88 (44) 

99 (44) 

0 

{C H,) CH(C.H.)CN 

— 

34 (5) 

lUU 

A 


10 

(C;H.).N CH(C„H„)CN 

07 

18t 

rtO 

*± 

78 (60) 

11 

(CH,).N CH(C,H„)CN 

Tl 


vZ 

Trtrt 


10 (60) 

12 

(C4H,),N CH(C.H„)CN 

100 


lUO 

1 fi 


13 

(C^H,),N CH(CH OH CH,)CN 

100 




io 

f) <1^ 


14 

(HOC.HJ.N CH(C,H„)CN 

41, 25t 




3, Ot 


15 

<(^N CH(C.H„)CN 

100 

— 

100 

' — 

64 (60) 

15a 

O^^N CH(C,H„)CN 

oot 

— 

68t, 

— • 

— 

16 

(C,H„) N CH(C.H.,)CN 

loot 

— 

— 

m 

— 

17 

C.H,(CH,)N GH(C.H„)CN 

100 

— 

— 

10 

3 (60) 

18 

cydoC,H„(aH.)N CH(CjHu)CN 

100 

' 

* — 


20 (95) 

19 

C.H.{C.H.)N CH(C,H„)CN 

28t 

— 

— 

68t 


20 

C,H5(C,H5)N CH(C,H,)CN 

63. 4t 

— 

— 

96, 8lt 

66 (95) 

22 

H(C.H5)N CH.CN 

— 

17 (b) 

31 

— 

90 (45) 

23 

H(C.H.)N CH(CH,)CN 

37 

— 

— 

4 

21 (42) 

24 

C,H5{CH,)N CH{C,H,)CN 

C4t 

— 

— 

64t 

12 (41) 

25 

H(C,Hs)N CH(C,H,)CN 

27 

— 

— 

37 

10 (41) 

26 

H(CeH,)N GH(C,Hi,)CN 

64 

— 

60 

— 

8 (60) 

27 

HOC.HjNH CH(C.H )CN 

60 

— 

— 

9 

9 (95) 

28 

HOCjH.NH CH(C,Hu)CN 

100 

100 

22 

— 

2 (59) 

29 

HOC.HiNH CH(C.Hs)CN 

39 

— 

16 

— 

11 (69) 

31 

cycloC.HiiNH CH(C,Hi,)CN 

100 

— 

99 

48 

20 (66) 

35 

H(C.Hs)N C(CH.),CN 

64 

— 

— 

8 (41) 

40 

H(C.Hj)N C(CH,)(C.H.)CN 

80 

71t 

— 

65 

6 (41) 

42 

H(0,Hs)N C(CH,)(C4H,e)CN 

97 

39t 

— 

28 

6 (41) 

44 

^^NH(C,H.) 

100 

cot 

— 

10 

6 (61) 

46 

y— N.NH C.H.OH 

0 

— 

— 

26 

0 (95) 

40 

C,Hu(cydo) 

82 

20t 

— 

11 

0 (42) 


* The figures m brackets in this column give the mortahty vnth a lead arsenate bait 
t EmulMed by means of a sulphonnted oiL 

The chrysanthemum aphis -was used except -where (6) indioates the bean aphis 

In addition to the compounds listed above the foUowmg gave absolute mortalities of not more than 16 % to all three 
insects 


No 

Compound 

No 

Compound 

21 

CH.NH CH.CN 

37 

HOC.H.NH C(CH,).CN 

30 

CsHuNH CH(C,H„)CN 

38 

NHjC(CH,)(C.H,)CN 

32 

Benzoyl denvative of 31 

39 

Oxalate and tartrate of 38 

33 

NHjC(CH,),CN 

43 

HOC,H.NH C(CH,)(CAP)CN 

34 

Four acyl den-vatives of 33 

47 

oC 

30 

cycloC.HjjNH C(CHJiCN 

41 

-i.'l 

NH,C(CH.)(C4H^)CN 
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Table 3 Further aplncidal sorting tests unth aminonitnles 


No 

48 

49 

50 
17 

51 

52 

53 

54 

66 


66 


67 


68 

50 

60 

61 

62 

63 

64 
12 

15 

31 

28 

13 

18 


Table 4 


Percentage absolute mortobty of chrvBanthomum aphis 
Compound _ ^ 


Cone (%) 

0 36 

02 

0 05 

0 026 

[— CHs.NH CH(CH3)CN], 

100 

98 

40 


[— CHjNH CHlCjHjlCNJs. 

100 

100 

00 

23 

[— CHjNH CH(C8H„)CN], 

100 

100 

100 

98 

CeH^iOHjlN CH(C3H„)CN 

100 

80 

36 


[— CHjCH.CHjNH CH(aH7)CN], 

100 

100 

34 


[— CH.CH,CHjNH CH(C„Hj3)CIN]i 

100 

100 

89 


[— CH3N(CH,) CH(C3H„)CN]. 

100 

100 

98 

90 

[— CHjNH CH(CH3)(Cj,Ha)CN]. 

90 

26 

16 


y — — "1 

— ^^N J, 

21 

— 

— 

— 


0 

— 

— 

— 

n — ~i 





>N CH(CH,)CN 

100 




L-ch/ J, 





1^ CH(C3H,)CnJ 

0 

— 

— 

— 

(y,)C.H,[NH CH(C,H,)CN],’ 

8 

— 

__ 

_ 

Cp)C,H.[NH CH(C<,H„)CN], 

11 

— 





[__(1 4-cycio)C3H,oNH CH(C3B:,)CN]., 

18 

— 



, ^ 

[— CHjNH CKCHjIjCN], 

26 

— 



___ 

[-CHjNH C(CH3)(CtH5)ON], 

48 

— 

— 


C— CHjNH CB(C,Hi)CN]t 

8 

— 

— 


(G4H,),N CH(C,H„)CN 

100 

96 

68 

— 

CH(C,H„)CN 

— 

100 

77 

43 

cydoC.HuNH CH(C,H„)CN 

— 

100 

84 

13 

HOCiHiNH CH(CoHi3)CN 

— 

100 

68 

— 

(C4Hs,),N CH(CH CH CH,)CN 

— 

100 

26 

— 

cycloCtH„(C,Hj)NCH(C,H„)CN 

— 

100 

72 

— 

CjjH„SCN 

lOO 

100 

100 

63 

Toxicity of aminonitnle emulsions 

to 

Table 6 Toxicity of 

3 % dusts to aphis 


chrysanthemum aphis unth a concentration of 0 05% 
insecticide 

Percentage absolute mortabty 


Emulsion 

Dduted 
with water 

Diluted Tvith 
01%‘Agral2* 

1 

100 

— 

Spray of active ingredient 

49 

— 

m 60% ethanol 

2 

37 5 

— 

3 

25 

— 

4 

69 

44 

5 

68 

47 

Spray of active mgredient 

62 

— 

m 50% ethanol 

6 

96 

98 

7 

98 

60 

8 

100 

100 

Spray of active ingredient 

100 

— 

in 60% ethanol 


Percentage kill 


Inseotioide 

Bean aphis 

Hop aphis 

[—CHjNH CH(C,Hj,)CN]j 

39 

22 

C.HJCHjIN CH(C,H„)CN 

63 

47 



DISCUSSION 

The first pomt whicli emerges from a study of the 
'above results is the variation m toxicity to different 
msect species, an effect which was observed m 
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studies of orgcauc sulphur compounds and which, 
mdeed, is probably a general feature of organic m- 
secticides pavies & Sexton, 1948) Cortam of the 
more potent insecticides (Table 2) showed high 
toxicity to all three testmsects, but the toxicity was 
specific where evaluation at lower dosages was 
earned out Tor example, the two compounds 
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CH(C.Hi,)CN 


expected to have a profound effect on physical 
properties, and thus to influence such factors as 
hpid/watex partition and membrane permeabihty 
As regards the chemical reactivity of the ammo- 
mtnles, their behaviour on hydrolysis is of possible 
significance This can take two pathways 


OJJjONC^ 


.B,ira+B,CO+HCN, 

‘BjN Ci?,CONH,-vB,N CB,COOH, 


and CH(CaHj3)CN, 

when tested at 0 2 % , gave 100 % absolute mortabty 
of aphids but were non toxic to blowflies Agam, 
extended evaluation of compounds havmg marked 
stomach-poison activity against the gram weevil 
showed that they were much inferior to lead arsenate 
against various leaf-eatmg lawvae This was true, 
for example, with CH{C,H5)CN (Table 2) 

which, though more toxio than lead arsenate to the 
gram weevil, was practically without action against 
a wide range of leaf-eatmg larvae The specificity of 
a hydroformomme cyanide as a stomach poison has 
already been referred to We found phenylglyome 
mtnle to be more toxic than lead arsenate to the 
gram weevil Siegler & Gertler (1946) found it to 
be less toxic than lead arsenate to the codhng 
moth, but they found the 'p tolyl analogue to 
be more toxic than lead arsenate to the codhng 
moth 

Conflidermg the contact insecticidal ewtion and 
particularly the effects against aphis, it is clear tliat 
the physioal properties of the molecule play on im- 
portant part m influencing its toxicity Considera- 
tion of Tables 2 and 3 shows numerous instances of 
this, mcludmg the effects of ascendmg an homo 
logous senes (cf the results of Bousquet, Saliberg & 
Dietz, 1936, with thiocyanates) A further fllus 
tration of the importance of physical properties is 
provided by the effect of mtroduomg an ahphatic 
hydroxyl group This will tend to decrease the 
hpid/water partition, a property which is of pro 
found importrmce m certam narcotics, and which 
may bo equally relevant m contact insecticides If 
this IS so, it 18 to be expected that the mtroduction of 
a hydroxyl group may produce changes as great as 
the move of several steps m an homologous senes 
A good instance of this is seen m the comparison of 
compounds 8 and 14 (Table 2) Of the compounds 
containing ahphatic OH, only one (no 28, Tables 2 
and 3) showed marked aphicidal activity Clearly, 
therefore, the mclusion of such groups is not neces 
sanly deletenouB, hut until more is known of the 
precise relationships of water and hpid soluhihty 
with insecticidal activity, no predictions are possible 
Another physicochemical factor of apparent signifi- 
cance is that of molecular shape This is illustrated 

hj the comparison oftwo pairs of compounds, SOwith 

46 and 6l with 66 The molecular shape may be 


and hberation of cyamde m the biophase must be 
considered as havmg a possible hearing on their 
mode of action We do not behove, however, that 
this IS the ultimate mechanism of the insecticidal 
activity for the foUowmg reasons Phenylmethyl- 
ammooctoio mtnle (no 17) causes 80% absolute 
mortabty of chrysanthemum aphis at 0 2 % This is 
eqmvalent to a concentration of approximately 
0 02 % HCN With compound no 60, produemg 
98 % absolute mortabty at 0 026 % , the eqmvalent 
HCN concentration would be only 0 004 % Actual 
experiment showed that sodium cyamde was 
practically non toxic to chrysanthemum aphis at 
0 04 % This evidence is remforced by the lack of 
aphicidal activity m heptaldehyde cyanohydnn, a 
fat soluble compound which can also give nse to 
cyanide on decomposition 
It is our view that the insecticidal activity of the 
a ammomtnles discussed m this paper is to be attn- 
buted partly to their chemical reactivity which 
enables them to become attached to cell constituente 
This may be through the unsaturated nature of the 
cj^atno group, as m thiocyanates Alternatively, it 
may be due to a displacement reaction whereby 
some group such as NSg m the ceU displaces the 
group BjN from the ammomtnle We have, mdeed, 
observed that heating (C^j)2N CH(C,H5)CN with 
anilme causes evolution of diethylamme Super- 
imposed on this reactivity and mdeed dommatmg 
the entire situation, is the effect of the physico- 
chemical properties of the molecule as a whole, the 
correct adjustment of such factors as hpid/water 
partition, molecular shape, surface activity, etc , 
determimng the absorption of the insecticide and 
Its distribution withm the organism This paraUels 
the case of the thiocyanates, and conforms to the 
general views regardmg contact insecticidal action 
put forward by L&uger, Martm & Muller (1944) and 
further illustrated by Davies & Sexton (1948) 

SUMMARY 

1 The msecticidal properties of a series of sub- 
stituted a ammomtnles have been exammed, and 
marked activity found m certam compounds 

2 There is marked specificity m thexesistance of 
umerent insQcts to iii<livid,ual compounds 
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3 a-Phenylmethylammooctoic mtrile, 

C,H^i(CH3)N CH(CeHj3)CN, 

eind bis(a'’-cyaaio a-heptylamino)ethanej 

[— CH^NH CH{CeHi3)CN]s, 

have aphicidal activity only shghtly less than, that of 
dodeoyl thiocyanate or nicotine 
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4 The mode of action of these insecticides is dis 
cussed m relation to then chemical reactivity and 
then physicochemical properties 

We Tnsh to thank the entomologists of Hawthomedale 
Laboratories, Jealott’s Hill Besearoh Station, and parti 
cularly 5Ir H J D Thomas, for carrymg out the biological 
testmg We are mdebtcd also to Dr B Colhe for the pre 
paration of emulsions 
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The Occurrence of Phenolic Substances in Arthropods 

By R H HACKMAN, M G M PRYOR Airo A. R TODD 
Chemical and Zoological LaborcUones, University of Cambridge 

{Received 2 April 1948) 


Pryor (1940) showed that the hardenmg of the pro- 
tem component of insect cuticle is due to the tannmg 
action of an agent produced by oxidation of a 
phenohc substance In the analogous hardening of 
the cockroach ootheca, Pryor, Russell & Todd (1946) 
showed that the phenohc substance concerned is 
3 4 dihydroxybenzoic acid (I) and suggested a 
possible mechanism for the hardenmg process It 
was clearly desirable to examme a number of insect 
species m order to establish the range of phenohc 
substances which might be concerned 

Polyhydnc phenols appear to bo widely dis- 
tribute m arthropods, although very few have 
actually been isolated, most mvestigators having 
Simply demonstrated their presence m ethanohc ex- 
tracts by means of colour reactions In this way, 
Pryor (1940) has shown that o dihydnc phenolg 
occur m representatives of six orders of insects 
(Orthoptera, Odonata, Coleoptera, Hemiptera, Lepi- 
doptera, Hymenoptera), and Lafon (1943) has found 
them m insects and m Araohmda (Scorpiomdea, 
Axaneida) In insects, phenols are associated with 
some of the layers of the epicuticle (Wigglesworth, 
1947, Webb, 1947) and with the brown protems 
(sclerotms) which are responsible for the hardness of 
the exocuticle They also occur m the epicuticle of 


arthropods, whose exocuticle is hardened with cal- 
cium carbonate , by a less specific teat (the reduction 
of ammomacal silver oxide, performed on paraffin 
sections) we have shown that they are probably 
present m the epicuticle of a typical diplopod {Tachy- 
podoiulus niger Leach), and Dermell (19476) has 
found them m the epicuticle of several species of 
Crustacea Malacostraca Using the same test, 
Beament (1947) has found that some of the layers 
of the chonon of the eggs of Rhodniua prolixus Stahl 
(Hemiptera, Reduvudae) are rich m dihydrio 
phenols 

The earhest recorded isolation of a phenohc sub- 
stance firom msects is that of Vdlon, who is reported 
by Slater (1887) as havmg obtamed 16 g of an 
‘alcohol soluble tanmn’ from 600 g of Sitophilus 
grananns L SchmaUuss & Muller (1927) isolated 
3 4 dihydroxyphenylalanme from the elytra of two 
species ofMdolontha Schmalfuss, Heider & Wmkel 
mann (1933) isolated 3 4 dihydroxyphenylacetio 
acid (H) from the elytra of Tenebno molitor L , and 
the same acid was obtamed by Schmalfuss (1937) 
from the cuticles of Cetonia auraia L , Potosia cuprea 
F and Mdolontha hippocastani F (Coleoptera, 
Scarabaeidae) More recently, Pryor ei al (1946) 
isolated 3 t-dihydroxybenzoic acid (protocatechmo 
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acid) (I) from oothecae of BlaUa onenialis, and tho 
same authors (Pryor ct al 1947) obtamed 3 4 di 
hydroxybenzoic acid from puparia of Galltphora 
erytlirocephala L and 3 4 ddiydroxyphenylacetic 
acid and a hydroxy § (3 4-ddiydroxyphenyl) pro 
piomo acid (3 4-diliydroxyphenyllactio acid) from 
imagmes of Tenebno niohtor L 

We have now exammed the folio wmg species 
Locusta imgratona L , Bhtzopertha dorntmca F 
(Coleoptera, Bostrychidao), Sitophilus (=rCalandra 
auct non Clairv ) grananus L , S oryzae L 
(CJoieoptera, Curcuhomdae), Tribolium confusum J 
duVal B.ndT fermgmeumF ( = cofifancum Herbst ) 
(Coleoptera, Tenebriomdae) 

The experimental procedure was a modified 
version of that used m our previous studies and gave 
much higher yields of plienohc acids The modifi 
cations mcluded jfreeze drymg of the msect material, 
followed by mechamcal grmdmg, as well as mmor 
changes m the methods of purification Durmg the 
isolation procedure, the phenohc acids present were 
methylated to facditate workmg up, so that the 
acids were actually isolated as their methyl ethers 
Previous work (Pryor et al 1946, 1947) leaves no 
reasonable doubt that the acids present m the msects 
are m the unmethylated form The results, which are 
recorded m the experimental portion, show that 
all the species exammed contem 3 4 dihydroxy- 
phenylewetic acid (11) and the Tnbolium species 
contam, m addition, 3 4 dihydroxybenzoic acid (I) 
The low yield of 3 4 dimethoxyphenylacetio acid 
obtamed from Locusta is perhaps to be ascribed to 
the low ratio of cuticle weight to total weight, as 
compared with the ratio m the other insects m- 
lestigated In addition to the insects mentioned m 
the experimental section wo also re exammed 
imagmes of Tenebno mohtor, but, m confirmation of 
our earher results (Pryor et al 1947), we were unable 
to detect m them any 3 4 dihydroxybenzoic acid 




m 


Summarmng the information available from the 
present and earher work, it appears that phenohc 
acids have been identified by isolation (as such or as 
thoir methyl ethers) firom thirteen representative 


species belongmg to tliree orders of Insecta, whilst 
colour reactions mdicate the presence of sundar o- 
ddiydroxyphenohc substances m four additional 
orders We feel justified, therefore, m assummg that 
these phenohc acids are of general occurrence and 
may aU be concerned m cuticle hardening Although 
tlie presence of traces of acids other than those 
identified caimot be wholly excluded, the pure 
methylated substances isolated by us accounted for 
more than 75% of the crude methylated phenolic 
extracts, so that tlie distribution of the identified 
acids is of some mterest Of the thirteen species so 
far exammed, ten contamed 3 4 dihydroxyphenyl- 
acetic acid, winch m seven cases was the only acid 
present, m two coses it was accompamed by 3 4 di- 
hydroxybenzoic acid, and m one by a hydroxy - 
^(3 4 dihydroxyphenyl) propiomc acid 3 4 Di 
hydroxybenzoic acid occurred alone m two species 
In addition, 3 4 ddiydroxyphenylalarune has been 
isolated from two species The most likely mode of 
participation of such o dihydroxy aromatic acids m 
cuticle liardenmg is enzymic oxidation followed by 
condensation of the oxidized material with free 
ammo groups m the cuticular protem, so that stable 
cross Imked structures are formed m which the 
mtrogen of the ammo groups becomes directly 
attached to the aromatic nuclei Thiol groups m the 
protem may, of course, also take part m reaction 
with the oxidized dihydroxy acid The process, m 
deed, bears a close resemblance to the tannmg of 
leather with qumones Catechol and 3 4 dihydroxy 
benzoic acid and their homologues when oxidized 
condense tn vitro with compounds contauung free 
ammo groups to give compounds m which mtrogen 
IB directly attached to the aromatic nucleus Re- 
actions of this type are bemg studied at present as 
an aspect of the work here described and will be 
reported upon m due course As to the ongm of the 
phenohc acids m msects, the most pro^ble ex- 
planation IS that they are degradation products of 
3 4 dfiiydroxyphenylalanme, itself produced from 
tyrosme under the influence of a polyphenol oxidase 
It is of mterest to note that both Fraenkel & RudaU 
(1947) and Dennell (1947a) have also expressed the 
view that the phenol hardenmg m blowfly pupana is 
brought about by a phenohc material produced from 
blood tyrosme by enzymic oxidation 

Smce it was desired to make our mvestigations as 
comprehensive as possible, the solutions of sul 
phurous acid containmg cy amde m which the msects 
were killed and stored were always exammed for the 
presence of phenohc’ substances In the case of the 
two Tnbohum species, but m no others, ether 
extracts of the acidic hquor, after removal of the 
dead insects, yielded large quantities of ethylhydro- 
ipunone (1 4 % on freeze-dned insect material) 
identified by analysis, mixed meltmg pomt and pre 
paration of the dibenzoate This substantmUy con- 
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firms tlie findings of Alexander & Barton (1943), who 
exammed the volatile secretion of the flour beetles, 
Tnbolium confusum J duVal and T fcmigineum'F 
{ = castaneum Herbst ), which causes flour infested by 
these beetles to become pmk m colour and un 
palatable , they concluded on the evidence available 
to them that the active prmciple was ethyl p-benzo- 
qmnone Presumably m our experiments the insects, 
on bemg dropped mto the sulphurous acid solution, 
eject ethyl p benzoqumone which is then reduced to 
the hydroqumone Qumones have previously been 
recorded m secretions of the stmk glands of other 
arthropods B6hal & Physahx (1900) described a 
compound with the properties of ap-qumone m the 
lateral stmk glands of the miUipede, Schtzophyllum 
mediterranewn Latzel, but did not isolate it, similar 
observations on other diplopods are described by 
Burtt (1947) Ethyl p benzoqumone is probably 
also the chief constituent of the yellow oils obtained 
by Palm (1946) from stmk glands on the prothorax 
and on the ventral side of the tip of the abdomen of 
ApJianotus destructor Uytt and Tnbohum con 
fusum J du Val 

The crude crystaUme material flrst obtamed by 
us durmg the isolation of ethyUiydroqumone had a 
low meltmg pomt and was difificult to punfy Care- 
ful fractionation of crystallization mother hquors 
obtamed m purifying the ethyUiydroqumone and its 
dibenzoate yielded products which, although meltmg 
lower than methylhy dr o qumone (toluhy dr o qumone) 
and its dibenzoate, showed no depression m meltmg 
pomt when mixed with authentic specimens of these 
materials, but were depressed m melting pomt by 
pure ethyUiydroqumone and its dibenzoate Prom 
these facts and the elementary analysis, we conclude 
that the extract contamed smaU amounts of tolu 
hydroqumone It is probable that the similar diffl- 
chlty experienced by Alexander & Barton (1943) m 
purifymg their material was due to the presence m 
the volatile secretion of smeiU amounts of methyl 
p benzoqumone (toluqumone) as weU as ethyl p- 
benzoqumone 

The most probable precursor of these p qumones 
would seem to be 2 6 dihydroxyphenylalanme, an 
acid already suggested as an mtermediate m the 
formation of homogentisio acid (2 5 dihydroxy- 
phenylacetic acid) m human alcaptonuria (Neu- 
berger, Bimmgton & Wilson, 1947) 2 6-Dihydroxy- 
phenylalanme itself has not been foimd m nature, 
but its production from tyrosme (cf Blaschko 
& Sloane Stanley, 1948) by oxidation as an alter- 
native to 3 4-dihydroxyphenyIalanme would seem 
reasonable enough Such an oxidation would be 
analogous to the weU-known formation of tolu- 
hydroqumone on oxidizing p cresol with potassium 
persulphate m acid solution, rearrangement with 
migration of the methyl group occurrmg m the 
process (Eaimogi & WolSenstem, 1908), a similar 
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migration of the ammopropiomc acid side cham 
durmg the oxidation of tyrosme would yield 2 6 di 
hydroxyphenylalanme, which might then be de 
graded to ethyUiydroqumone and toluhydroqumone 
Wolkow & Baumann (1891) have already shown 
that the mtestmal bacteria m dogs can convert 
homogentisic acid to toluhydroqumone 

EXPERIMENTAL 

/ 

MeihylaUd phenolic ands from insects 

The insects were coUeotcd and stored m water containing 
KON to inactivate polyphenol oxidases, and SO, to prevent 
aenol oxidation of hydroqumone or catechol derivatives 
Before working up, the material (whole insects, except m 
the case of Locusla where only the heads were used) was 
separated from the hqmd, freeze dried and ground m a 
meohamcal mortar It was then extracted with methanol 
m a vapour jacketed Soxhlet for 24 hr , filtered, the me 
thanoho extracts (which had a blue fluorescence) evaporated 
to dryness under reduced pressure m an atmosphere of N, 
and the residue extracted with water until the extracts 
gave a negative reaction with Pedj The combined aqueous 
extracts were acidified to congo red with H,SO^, extracted 
contmuously with peroxide free ether, the ethereal extract 
concentrated to c 100 ml and the phenols present ifiethy- 
lated by addition of ethereal diazomethone (firom 20 g 
mtrosomethylurea) The solution so obtamed was left over- 
night, solvents removed by evaporation and the residual 
oil refluxed for 2 hr with methanoho KOH (50 ml of 2%) 
to hydrolyze ester groups After removal of methanol, water 
was added, the solution acidified with HjS04 and extracted 
with ether The ethereal extract was shaken with aqueous 
NajCOj to remove acids, and the aqueous layer was agam 
acidified and extracted with ether The ethereal extract 
dried over NB1SO4 and evaporated yielded usually a semi 
sohd mass Fractional crystallization, or, where only one 
acid was present, simple reciystallization, from a mixture 
of benzene and light petroleum yielded the pure methy 
lated acids The products obtamed m each case are given 
below 

Locusla migratona 3 4-Dimethoxyphenylacetio acid, 
m p 97°, undepressed by an authentic specimen, m p 98° 
(Found C, 61 3, H, 6 4 Calc, for C,oHia04 C, 61 2, H, 

6 2%) Yield, 0 2 % on dried material (416 g ) 

RhizopcrOia domxmca 3 4 Dimethoxyphenylacetio acid, 
mp and mixed mp 98° (Found C, 61 9, H, 6 0%) Yield, 

1 6% on dried material (30 g ) 

Silophxlus grananus 3 4-I)imethoxyphenylacetio acid, 
m p and mixed m p 96° (Found C, 61 3, H, 6 0%) Yield, 

1 8% on dried matenol (101 g ) 

S oryzae 3 4 Dimethoxyphenylacetio acid, m p and 
mixed mp 97° (Found C, 60 9,H, 6 9%) Yield, 14% on 
dned matenal (128 g ) 

Tribolium confusum 3 4-Dimethoxyphenylacetio acid 
(yield, 1 4%), m p and mixed m p 96° (Found C, 61 1, 
H, 6 4%), together with 3 4-dimethoxybenzoio acid (yield, 

0 4%), m p 179°, undepressed by an authentic specimen, 
mp 180° (Found C 69 3, H, 6 7 Calc for C,Hj|,04 C, 

69 3 , H, 6 6 %) The amount of dned insects used was 45 g 
T femigineum 3 4-Dimethoxyphenylacetio acid (yield, 
10%),mp andmixedmp 98° (Found C, 61 0, H, 6 9%), 
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together -mth 3 i-dunethoxybenzoio aeid (yield, 0 6 %), m p 
and mixed rap 180° (Found C, 69 1, H, 5 0%) The 
amount of dned inaeots used was 67 g 

Isolation of ethylhydroquinonc (1 i-dihydroxy- 
2 ethylbenzene) 

The acidic liqmd from the Tribolium apeoiea, after 
separation of the inaeot bodies (dry ivt 100 g ), rras con- 
tmuonsly extracted with ether for 24 hr , and the ethereal 
extract dned over Na^Oj and evaporated The residual oil 
was now treated with an excess of concentrated aqueous 
FeClj solution and qmnones formed were collected by steam 
distillation The steam distillate was saturated with SO. 
and extracted with other Evaporation of the ethereal 
extract gave the crude ethylhydroqumone as a colourless 
crystallme sohd, m p 106°, unaltered by repeated recrystaU 
hzation from benzene or chloroform After several recrystal 
lizations from water (charcoal) the product formed colour 
less plates, m p 114°, alone or m admixture with authentic 
ethylhydroqumone (m p 114°) prepared by Clemmensen 
reduction of 2 6 dihydroxyaoetophenone (Found C, 69 9, 
H,7 6 Gale forCjHjoO, C, 69 6,H,7 3%) For further 
confirmation of its identity, the product was treated with 
excess of benzoyl ohlonde m pyndme The dibenzoate so 
formed separated from methanol m colourless needles, 
m p 89°, undepressed m admixture with authentic diben- 
zoate of ethylhydroqumone (m p 89°) prepared as described 
below (Found C, 76 1,H,6 0 Calo forC,,Hj ,04 0,76 2, 
H,6 2%) 

Concentration of the aqueous crystallization mother 
hqnors of the ethylhydroqumone yielded a crop of material 
which, after farther fractionation firom water and recrystal 
hzation from benzene, had m p 114°, undepressed m 
admixture with 'toluhydroqumone (m p 124°), but de 
pressed m admixture with ethylhydroqumone (m p 114°) 
Similarly, firaotional crystallization from methanol of the 
dibenzoate prepared from the crude ethylhydroqumone, 
yielded a small amount of material, m p 93°, undepressed 
in admixture with the dibenzoate of toluhydroqumone 


(tn p 122°), but depressed m admixture with the dibenzoate 
of ethylhydroqumone (mp 89°) (Found C, 76 1, H, 6 1 
Gale for C,iH „04 C, 76 9, H, 4 85 Calo for C.HigO* 
C, 76 2, H, 6 2%) 

Ethylhydroqutnonc dibenzoate Benzoyl chlonde (1 mL) 
was added to a solution of etbylhydroqmnone (0 6 g ) m dry 
pyndme (10 ml ) Reaction set m at once and the mixture 
was allowed t6 stand overmght and then poured on a 
mixture of ice and dilute HtSO^ and extracted with ether 
The ethereal extract was thoroughly washed, dned over 
NajSOj and evaporated RecrystaUization of tho sohd 
residue from methanol (charcoal) gave etkylhydrojuinone 
dibenzoate os colourless needles, m p 89° (Found 0, 76 2, 
H, 6 3 CtjHijOj requires C, 76 2, H, 6 2%) 

STOIMARY 

1 The occurrence of 3 4-dihydroxyphenyIacetic 
acid m SIX insect species is reported Two of these 
species contain, in addition, 3 4 dihydroxybenzoio 
acid These plienohc acids are beheved to play a part 
in the hardening of insect cuticle 

2 From aqueous sulphurous acid used to kill and 
store two species of Tnbolium, ethylhydroqumone 
has been isolated m substantial yield Its isolation 
confirms the results of earher workers who showed 
that ethyl p benzoqumone is secreted by these 
insects Evidence is presented that toluhydro- 
qumone IB also present m the extracts 

We record our gratitude to the Ramsay Memonal 
Trustees for a Fellowship and to the Council for Saenhfio 
end Indnstnal Research (Austraha) for a Studentship award 
to one of us (R H,H ) We are also very much mdebted to 
I)r E A. Parking of the Pest Infestation Laboratory, 
Slough, and to Monsieur Chaboussou, Director of the 
Station de Zoologie Agncole du Sud Guest, Bordeaux, for 
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The Effect of High Blood Urea on the Acid -base Balance 

of Serum of Dogs 


By T F NICHOLSON, Department of JPatJiological Ohemistry, University of Toronto 


{Received 31 March 1948) 


In studies on the changes of electrolyte excretion m 
imilateral tartrate nephrosis and on the added effect 
of removal of the normal kidney on the acid base 
balance, it was thought advisable to detemime the 
effect of high blood urea values on the acid-base 
balance of the blood, because possibly the changes m 
osmotic eqinhbnum brought about by the mcrease 
m urea might change the electrolyte balance 
Streicher (1928) found that mjections of 10-20% 
urea solutions m sufficient amounts to raise the 
blood urea mtrogen of dogs to as high as 328 mg 
urea N/lOO ml produced drops m the CO, content 
of the plasma of from 15 3 to 20 8 ml /lOO ml of 
plasma, the COj estimations bemg made when the 
blood urea was from 14 to 130 mg /lOO ml above 
the normal level He also reported that the blood 
chloride and calcium were raised and the potassium 
lowered 

EXPERIMENTAL PROCEDURE 

Dogs weighing from 12 to 19 kg were kept m metabolism 
cages during the penod of the experiment and were fed 
their usual mixed diet Water was given ad hb , the amount 
taken hemg measured, and the total fimd output collected 
and measured. The urea, non protem mtrogen, total base, 
COj, Cl, morgamo phosphate and protem of serum were 
determmed, immediately before and at varymg mtervals 
after the admmistration of the urea solutions The blood 
was obtamed from the femoral vem without stasis, with 
drawn without contact with air, placed under od m tubes 
with constricted necks and centrifuged. 

The urea was administered mtravenously m 33 3% 
aqueous solution at 38° and at the rate of 2 mL/mm as 
described by Leiter (1921) In most dogs the first blood 
sample was drawn at 10 a m , the urea given at 10 20 a m 
and subsequent blood samples drawn for analysis at 
11 20 am and 4 46 p m of the same day A few expen 
ments were earned on for 3 days In these the urea was 
administered at 9 20 a m and 4 30 p m on the first day, 
4 30 p m on the second day and at 1 46 p m on the third 
day Blood samples were drawn at 9 a m and 2 p m on the 
first day, at 9 a m on the second day and at 9 a m, (for 
blood urea estimation only) and at 4 30 p m on the third 
day 

Carbon dioxide was determmed by the manometno 
method of Van Slyke & Nedl (1924), chlondea m tungstio 
acid filtrates by the titnmetno method of Sendroy (1937), 
and phosphates fay the method of Kin g (1932) The serum 
protem was calculated by subtracting the figure for non- 


protem mtrogen, estimated by the method of Folm i Wu 
(1919), from the total mtrogen determmed by the usual 
Kjeldahl procedure using 0 6 mL of serum The usual factor 
of 6 26 was used to convert the figure for protem mtrogen 
to protem The method of Van Slyke & Cullen (1914) was 
used for urea The total base estimations were done by the 
method of Stadie cL Boss (1925) In the last four experi- 
ments determmations were also done by electrodialysis 
(Consolazio &, Talbott, 1940) All determinations were done 
m tnpheate 

Calculations The COj values were converted fiom 
ml /lOO ml serum to mmol fl by the formula 


B=C0, 

antilog (pH—6 1) 

2I4 


X0 713, 


as given by Peters, Bulger, Eisenman & Lee (1926) The 
phosphate m mg P/100 ml serum was converted to 
mmol /] by the factor 18/31 04 as given by the above 
authors The base comhirung properties of the protem as 
m eqmv were calculated from the formulae of Van Slyke, 
Hastings, Hiller &- Sendroy (1928) BJ’=1072xg P 
(pH —6 04) (A/G =18) In four experiments the pH was 
determmed with the Beokman enclosed glass electrode, m 
the remamder, a pH of 7 36 was assumed Although the 
pH rose durmg these experiments the maximum error 
mvolved by assuming pH 7 36 would be not more than 
f m eqmv , the error m all instances tendmg to a lowermg 
of the acid column. 

RESULTS 


Twelve dogs were used All the dogs remained 
moderately well durmg the course of the experi- 
ments There was a marked diuresis m aU. of them 
with occasional vomitmg and shght diarrhoea m 
three animals, the residts fi^m these three were 
discarded The total flmd output of all dogs was 
shghtly less than the total mtake There was no 
blood m the faeces, and no convulsions occurred The 
serum urea rose to levels of 320—590 mg /lOO ml 
serum 1 hr from the admmistratiion of the urea 
solutionandfelltolevelsof 160— 360 mg by 4 46p m 
on the same day In the 3 day experiments an 
occasional drop to near the normal level was noted 
by the mommg of the third day 

The results of four typical experiments are Shown 
m Table 1 There was a rise m the pH of the serum 
varymg from 0 03 to 0 08 The effect on the total 
base and on the total determmed acid, as weU as the 
mdividual constituents of the acid column, was 
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Table 1 The changes in acid hose balance accompanying high blood urea levels 

produced by urea injections 
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Example 

no 

1 


Wt of 
dog 
(kg) 

Tune 

19 

10 00 a m 
10 20 a m 
11.20 a m 
4 45 p m 

17 

10 00 a m 

10 20 a m 

11 20 a m 
4 46pm 

16 

10 00 a m 


10 20 a m 

11 20 a m 


4 46pm 

12 

9 00 a m 


9 20 a m 
2 00 p m 

4.30 p m 
9 00 a m 

4 30 p m 
OOOam 
1 46 p m 
4 30 p m 



Phos 

phato 

Chlonde 

Protem. 

CO, 

Total 

acid 

Total 

base 

Urea 
(™g / 

Urea 

admin 

pH 

' 


(mmol /I ) 



100 ml) 

(g ) 


31 

102 8 

16 3 

23 9 

146 1 

162 7 

16 0 



___ 





— 

— 

— 


y V 



3 8 

102 8 

21 8 

27 6 

, 166 9 

162 2 

— 

- 



34 

102 8 

17 6 

25 9 

149 6 

1610 

— 


— 

37 

100 8 

16 6 

23 9 

146 0 

147 4 

— 

68 


43 

102 5 

17 6 

26 6 

149 9 

146 3 

640 

— 



46 

107 0 

18 3 

23 7 

163 6 

167 0 

332 


7 36 

3 6 

160 6 

14 9 

246 

143 6 

163 6 

19 

— 







164 1* 







. — 

— 

— 

— 

04 

7 43 

42 

101 1 

16 8 

26 2 

147 3 

160 0 

486 

■ — 







168 2* 



7 40 

42 

104 2 

18 8 

266 

162 7 

149 0 

368 

• — 







161 9* 



7 36 

26 

108 0 

16 1 

226 

149 3 

166 6 

40 

— 







166 9* 










— 

— 

— 

— 

48 

7 41 

36 

108 0 

161 

23 3 

151 6 

165 6 

321 

— 







162 7* 






— 



— 

— 

— 

— 

24 

7 39 

23 

109 7 

12 9 

22 7 

147 6 

148 9 

326 

• — 







160 1* 


48 

_ 

. 



— 

— 

— 

— 

68 


_ 



_ 

. — 

— 

— 

— 

48 

742 

2 6 

1041 

14 6 

23 4 

144 7 

140 8 

311 

— 


* Total haa^ determined by electrodialyais (Consolazio & Talbott, 1940) 


somewhat variable, but some pronounced, general 
tendencies were noted In the short experiments 
there was an invariable absolute mctease m the total 
detennmed acids which was mamtamed throughout 
the experimental period in all but one instance 
Even m this case (Example 1), however, the deter- 
nuned acids were shghtly higher at the end than at 
the beg innin g of the experiment In the first hour 
there was a defimte rise m the phosphate, protem 
and CO, and m all but one experiment (Example 1) 
the cWonde Between the takmg of the second blood 
sample, 1 lir after the mjection of the urea solution, 
and the takmg of the last specimen, dj hr after- 
wapds, the CO, values usually fell shghtly but, as 
a rule, they did not return to the ongmal level m this 
time Tlie protein values usually rose BtiU further m 
this period, but occasionally a small drop was noted 
in all but one instance (Example 1) the chlorides 
increased more than enough to offeet any decreases 
of CO. or protem 

Tliero was a significant effect on the total base 
inion dotemuned after mcmeration the total base 
was always lowered eitlier absolutely or m relation 
to the sum of the detennmed acids, the \ alue for the 
latter often exceedmg the total morgamo base BTien 
the total hose was determmed by electrodialysis. 


however, it was found that the usual excess of total 
base over the sum of the determmed acids existed 
(Examples 3 and 4) 

DISCUSSION 

The difference between the base, as determmed after 
mcmeration, and the figure obtamed by electro 
dialysis could be accounted for only by the presence 
of some organic base m the blood The nature of the 
extra base has not been determmed That it cannot 
be ammoma seems certam because the differences 
observed were too great to be accounted for by any 
mcrease m blood ammoma which could be tolerated 
by the animaJa, and m one animal m which the blood 
ammoma was determmed no mcrease was observed 
As the urea solution was neutral m reaction and gave 
no base on electrodialysis the organic base must have 
been either produced m the animal or have diffused 
from the tissues mto the blood The observed changes 
m morgamo base and m the serum amons may be 
best explamed m relation to the presence of this 
extra base in the blood Occasional observations of 
excess of acid over base m the serum have been 
reported (Peters, Wakeman, Eisenman & Lee, 1929, 
Atchley & Benedict, 1930, Sunderman, 1931, Hald, 
1933) The instances recorded by the first three 
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groups of authors (Peters et al , Atchley & Benedict, 
Sunderman) all occurred m mdividuals with low 
total base m a variety of conditions — ^nephritis, 
diabetic acidosis, pneumonia — ^wlule Hald reported 
the occurrence of an apparent acid excess m some 
normal mdividuals Hald could find no reasonable 
explanation for the seeming anomaly but as our 
findin gs offer reasonable presumptive evidence of 
the occurrence of an organic base m the blood under 
one set of experimental conditions, it may be 
assumed that such base could occur m other con- 
ditions The nature of the base and the mechanisms 
responsible for its appearance m the blood remam 
to be determmed 


SUMMABY 

1 The effect of mcreases m blood urea produced 
by the mtravenous mjection of urea solutions on the 
electrolyte pattern of the serum was studied 

2 There was an mcrease m the amounts of the 
determined acids and a decrease m the amount of 
total base determmed after mcmeration 

3 When the total base was also deter min ed by 
electrodialysis no such decrease was found 

4 The difference between the figures for total base 
obtamed by the two methods is taken as reasonable 
presumptive emdence for the presence of some 
organic base m the animals with a high blood urea 
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The 269th Meeting of the Biochemical Society was held in the Department of Btochemtslry, The University, 
Sheffield 10, on Friday, 24 September 1948, at 11 30 o m , when the following papers were read 


COl^IMUNICATIONS 

I 

Observations on the Type of Hydroxyl Group undergoing the Ethereal Sulphate Synthesis in 
Rabbits By J I Aitderton, J N Smith and R T WniiAMS {Department of Biochemistry, 
University of Liverpool) 


It IS generally believed that the only hydroxy 
compounds ■which form ethereal sulphates on ad 
mnustration to animals are phenols Prof G E 
Maman (personal communication) has dra-wn our 
attention ■to the fact that a number of ethereal 
sulphates of non phenohe steroids have been 
isolated from normal and pathological unnes, e g 
andro3terone-,3 sulphate (Venning, Hoffman & 
Browne, 1942) In these steroids the sulphated 
hydroxyl group is not phenohe but occurs m a 
secondary alcohol group, ^CHOH The production 

of androsterone 3 sulphate by administration of 
androsterone itself has not been studied There is 
therefore no proof as yet that androsterone com 
fames directly ■with sulphate tn vivo It has been 
suggested (Dodgson, Garton, Stubbs & WiUiama, 
1948) that the abdity of a hydroxy compound to 
form an ethereal sulphate may depend on its 
ionization constant A survey of phenols which are 
known to conjugate ■with sulphate shows that the 
pK’s of the OH groups vary from c 7 to 10 We 
therefore decided to survey ethereal sulphate 
formation on feeding a large numlier of hydroxy 
compounds and compare the results with kno^wn 
values of tho ionization constants of the hydro'xyl 
groups The results quoted below are but prelunmary 
ofaservatiouB 

Some of the pyrimichnes quoted above, eg 
Veronal, uracil, alloxan and wobarbitunc acid, 
possess pH’s of the same order as phenols, but only 
the last forms an ethereal sulphate (also m dogs, 
Cerecedo, 1930) If the formulae of these pynmi 
dines are exormned, it will be found that only 


wobarbituric acid possesses an OH m the system, 
C=C(OH) — C, the others contain the system 
— ^N=^(OH)— C (cf the hydroxypyridmes) Our 
results suggest two conditions for ethereal sulpha^te 

% of dose 
excreted os 

sulphate m pK of OH 


Compound 

rabbits 

group 

Barbitnno aoid 

0 

40 

Diethylbarbituno acid (■veronal) 

0 

7*4 

woBarbitnno acid (hydioxyuraoil) 

11 

86 

Uracil 

0 

9 46' 

Alloxan v 

0 

66 

Theobromme 

0 

99 

Ascorbic acid 

0 

4 2 and 11 6 

Ethanol 

0 

>16 0 

P Hydroxypyndine 

29 

7 (phenohe) 

a Hydroxypyndine (a pyndone) 

0 

7 (not phenpho) 

Compare ■with, for example 

Phenol 

19 

10 

Catechol 

18 

96 

Resoremol 

13 

98 

p Chlorophenol 

22 

92 

0 Nitropbenol 

7 

726 

p Hydroxybenzoio acid 

7 

94 


formation (o) a pK^ c 7-10 and (fa) the OH m an 
enohe system, C=C(OH) — C Ascorbic acid con 
tains this system, i e C — C(OH)=C(OH) — C, but 
it forms no ethereal sulphate for the pK’s of the 
OH groups are respectively less than 7 and greater 
than 10 It IS also significant that the enzyme 
phenolsulphatase only hydrolyzes phenohe* ethereal 
sulpha^tes but not alcobohc sulphates such as 
ethylsulphuric and amylsulphunc acids (see sum- 
mary m Eromageot, 1938) 


REFERENCES 


Cercccdo, L R (1930) J biol Chem 88, 695 
Dodgson, K. S , Garton, G A , Stubbs, ALA WiUiams 
R T (1948) Btochem J 42, 363 ’ 


^omageot, C (1938) Brgebn Enzymforsch 7, 67-8 
Ve^g, E H , Hoffinan, H. M. & Browne, J S (1942) 
J biol Chem 146, 369 ' 



XXXVl 


PROCEEDINGS OP THE BIOCHEMICAL SOCIETY 


The Decarboxylation of ortAo- Tyrosine (o-Hydroxyphenylalanlne) By H. Bi<aschko and 
G H Sloaite Sxanuey (Department of Pharmacology, University of Oxford) 


meta Tyrosine has been shown to be a substrate 
of the mammahan enzyme dopa decarboxylase 
(Blaschko & Sloane Stanley, 1948) The ammo acid 
was not decarboxylated by mtact restmg cells of 
Streptococcus faecalis R, but it has smce bcien found 
that it IS dec€irboxylated by acetone dried prepara 
tions of the bacteria at about one third of the rate 
at which L tyrosme is decarboxylated 

We have now ex amin ed ort/w-tyrosme This 
ammo acid was found to be decarboxylated by 
mammahein tissue extracts (g uin ea pig’s kidney and 
rat’s hver) The total amount of COj formed suggests 


that only the l isomer was attacked Competition 
experiments showed that the same catalyst was 
responsible for the decarboxylation of both mela 
and ortTio-tyrosme No significant decarboxylation 
occurred with acetone dried preparations of Strep 
faecalis R 

ortho Tyrosme was oxidized by the D amino acid 
oxidase of pig’s kidney and by the l ammo acid 
oxidase of cobra venom 

We are gratefiil to Dr A. Neuberger for the sample of 
Dll-ortho tyrosme used m these experiments 
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Mild Acid Hydrolysis of Human Blood Group A-substance By D Amujoff, W T J Mobqait 
and WiNXPEED M Watkins (Lister Institute of Preventive Medicine, London) 


The human blood group A substance shows two 
distmct serological characters both of which have 
been used to measure the amount of A substance 
The more labile character, that of inhibiting the 
agglutmation of A erythrocytes by human or 
animal anti-A sera, is a sensitive mdicator of any 
structural changes brought about by the isolation 
processes The second serological property, that of 
inhi biting the haemolysis of sheep red cells by 
rabbit anti-A serum and complement, is relatively 
stable and is susceptible of more accurate assay 
The serological properties of the A substance are 
not destroyed m solution at R T between pH 3 5 
and 7 0 Heatmg with N acetic acid at 100° for 
18 hr , however, brmgs about almost complete 
mactivation as measured by the power of the A- 
substance to inhibit agglutmation and at the same 
tune gives rise to a material which shows an 
enhanced capacity to mhibit sheep cell haemolysis 
During the hydrolysis the reducmg power of the 
A substance, expressed as glucose, mcreases from 
1% or less to about 10% The reddish purple 
colour developed on treatmg the solution with 
0 OSn-NujCOs at 100° for a few mmutes followed by 
the addition of p dunethylammobenzaldehydo HCl 
reagent, mcreases from an imtial value of 10 % to 
a steady value eqmvalent to about 1 3 % of N acetyl- 
glucosamme After 18 hr heating the hydrolysis 
products can be separated mto a material (38 % by 
weight) which diffuses through a Cellophane 
membrane (see Morgan, 1946) and an mdiffusible 
moiety The latter material shows no significant 
power to inhibit agglutmation but possesses a five . 
fold mcrease m activity, on a weight basis, and 


measured by the haemolysis inhibition test The 
diffusible matenal, without further hydroli^sis, 
gives 21 % reduction (as glucose), contains 3 4% N 
and develops a colour, after treatment with 
0 OSN-NajCOs and Ehrhch’s reagent, eqmvalent to 
Q%N acetylglucosamme The material retamed by 
the membrane shows a dextro rotation (a)Bi 5 i± 
61 ± 6°, possesses a small reducmg power only 
(2 6 %), contains 6 6 % N and gives a colour 
reaction for N acetylhexosamme eqmvalent to 
17 % N-acetylglucosamme 

The diffusible (a) and mdiffusible (b) materials 
after hydrolysis with 0 6Nor 6 n-HC 1 yield maximum 
values for reduction (a, 32%, b, 46%), hexos 
amme (a, 16%, 6, 39%) and ammo acid N 
(a, 0 6 %, 5, 2 1 %) There is no sharp separation of 
the two ammo sugars behevedto be present m the 
A substance (Ammoff & Morgan, 1948) mto one of 
the fractions Chromatographic examination re 
veals that the major part of the L-fucose passes 
mto the dififiisate thus mdicatmg that this compo- 
nent IB readily removed from the A-mucoid and is 
therefore not mtunately associated with the 
structme responsible for the serological property of 
inhibitmg sheep cell haemols^is The diffusible 
components appear to bo free from leucme and 
woleucme and possibly from jirohne, and to contam 
a small fraction only of the total hydroxyammo 
acids 

The undegraded A-substance gives no reaction 
With pneumococcus Type XIV horse serum whereas 
the mdiffusible matenal precipitates shghtly with 
this immune-body (see also Knbat, Baer, Bezer & 
Khaub, 1948) 



xxxvu 


PROCEEDINGS OE THE BIOCHEMICAL SOCIETY 

It la believed that a closer study of the essential structure associated with this property and thus 
constituent in the indiffusible material which is provide a useful approach to the larger problems of 
responsible for mhibitmg the haemolytic action of the nature of heterogenetio antigens and haemolysis 
the anti-A serum, wdl reveal the nature of the by immune serum 
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Volatile Metabolic Products oiEndoconidiophora coerulescetts Munch By E N Moegait (mtroduced 
by J H Biekinshaw) [Dimeion of Btochemietry, London School of Hygtene and Tropical Medtctnfi) 


The fungus Endoconidiophora coerulescens, one of 
the agents causing ‘blue stam’ m sapwood of 
coniferous timbers, produces m culture an odour 
resembhng that of an ester of one of the higher 
alcohols, e g amyl acetate The work now described 
was undertaken m order to identify the odorous 
constituents 

The fungus was moculated mto mnety-two flasks 
each contammg 350 ml of aqueous malt e'vtract 
(4%) and mcubated at 24° for 16 days The volatile 
products were obtamed by steam distillation of the 
total flask contents, followed by ether extraction of 
the aqueous distfllate After removal of ether the 
colourless residual oil was subjected to distillation 
Two mam fitactions, both liquid, were thus ob 
tamed 

Fraction I b p 110-120°/764 mm , 0 66 g 
Fraction n bp 173-176°/764 mm , 4 48 g 

Fraction I proved to bo wobutyl acetate, smce on 
hydrolysis it afforded wobutyl alcohol and acetic 
acid characterized as the 3 6-dmitrobonzoate and 
the p bromophenacyl ester respectively 

Fraction n consisted m part of an unsaturated 
carbonyl compound, CsHuO It gave characteristic 


crystaUme derivatives, namely, the 2 4 dmitro- 
phenylhydrazone (orange needles, mp 87°) and 
the semicarbazone (needles, m p 135-136°) Evi- 
dence as to the constitution of this product wafe 
obtamed by degradation with ozone and oxidation 
with KMnO^i-CrOj Ozonization m chloroform gave 
nse to acetone, laevulaldehyde, and methyl glyoxal 
(cf Pummerer, Matthhus & Socias-Vifials, 1936), 
whilst oxidation with KMnO^ followed by CrOj 
(Tiemann & Semmler, 1895) gave acetone and 
laevuhc acid These reactions mdicated that the 
product was 2 methylhept 2 en 6 one, 

CH3 C(CH,) CH CHs CH, CO CH, 

When the dmitrophenylhydrazone and the serm- 
corbazone of the fungal metabohc product were 
compared with the correspondmg derivatives of 
authentic naturally occurrmg methylheptenone 
they were found to have the same melting pomt 
and gave no depression on mixing 

The odour of methylheptenone has been described 
as resembhng that of amyl acetate The two volatile 
products isolated, tsohutyl acetate and methyl- 
heptenone, are probably the mam contributors to 
the odour of the fungus m culture 
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The Elimination of Methylthiol and Dimethyl Sulphide from Methylthiol- and Dimetbyl- 
sulphonlum compoimds by Moulds By Feederiok CHAnuEKGEE and Y C Loti (Department 
of Organic Ohemxetry, The University, Leeds 2) 


Slothiorune and S methylcysteme m bread cultures 
of Scopulartopsis brcincaults Saccardo (Stram 
Washington 2, no 680 Nat Coll Tyxie Cultures) 
give metlijAthiol Some of this is methylated to 
dimethyl sulphide (Challenger & Charlton, 1947) 
This fission may be reductive or hydrolytic or 
inv oh o ohramation of CHjS — with a ^ hydrogen 
atom Altematu elv, oxidative deamination may 


give the a keto acids CHaSCELCHjCOCOOH (I) 
(obtamed by Borek & Waelsch (1941) from methio- 
mne and hver or kidney shces) and 

CH^SCHjCOCOOH 

(11), which yields methylthiol with yeast and 
sucrose (Garreau, 1944) (I) gives methylthiol with 
hot acid or alkah (Waelsch & Borek, 1939), but we 
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find that (H) (Parrod, 1947) is stable under such 
conditions a-Keto-)3-niethylthiolpropionic acid (II) 
yields methylthiol and dimethyl sulplude (giving 
(CH^S) 2 Rg and 2 (CH 3 )„S SHgClg) m glucose 
Czapek Dox cultures (pH =6 8 ) of iS brevtcaults 
a. Keto y methylthiolbutync acid (I) yields methyl- 
thiol m bread cultures These keto acids may of 
course be reanimated to methionme and (S-methyl- 
cysteme prior to fission ^ Methylthiolpropionic 
acid, CHgSCHjCHjCOOH (Ha), also gives CHgSH 
and (CH 3 ) 3 S m bread cultures of S brevicatdts and 
CHjSH m cultures on glucose-Czapek Dox medium 
No such decomposition occurs with 

CH 3 CH 3 S CH.COOH 

m bread cultures (Challenger & Charlton, 1947) 
Here ehmmation of CjHjS — with a ^ hydrogen 
atom IS impossible Control aspiration experiments 
with (H) and (Ha) m sterde bread gave no volatde 
sulphur compound (I) gave no CHjSH or (CHa)jS, 
but a slight deposit m the HgCl^ seemed to be due 
to presence of some CH 3 S SCH, This is under 
mvestigation ' 

dZ-Methiomne methiodide gives {CH 3 )»S but no 
CH 3 SH m bread cultures of S bremcauhs (Chal 
lenger & Charlton, 1947) Presumably therefore 
the C — S — fission of methionme does not proceed 


tlirough a sulphomum salt With PemciUtum 
rwtatum on bread and on glucose Czapek Dox 
medium yields of 14 and 29 % of dimethyl sulphide, 
but no methylthiol, are obtained Challenger & 
Simpson (1947) isolated the thetme denvative 
4* — 

(CH 3 ) 3 S(C 1 ) CHjCHjCOOH (IH) from the marme 
alga Polysiphoma faslvgiala which, no doubt, pro 
vides the dimethyl sulphide which the alga evolves 
m au (Haas, 1936) Owmg to the biological un 
portance of sulphomum derivatives (du Vigneaud, 
1942-3, Maw & du Vigneaud, 1948, Dubnoff 
Borsook, 1948) and sulphoxides (Stoll & Seebeck, 
1948, Reiclistem, 1936) the behaviour of such 
compounds m cultures of Scopulanopsis bremcauhs 
and Pentcillitmi notalum has been studied The 
thetme (HI) is hardlj’^ attacked by Scopulanopsis 
bremcauhs but more readily by Pemcilhurn notalum, 
the isomenc a denvative (IV) gives no dimethyl 
sulphide with either mould 

Dunethylthetme brormde (V) gives no volatile 
sulphur compound, whereas diethjdthetme bromide 
(VI) readily gives diethyl sulphide with Scopulan 
opsis brevtcaults None of the thetme salts (III)-(VI) 
shows any appreciable formation of dialkyl sulplude 
with 2 n NaOH at ordmary temperature except 
(HI) 
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A Method of Quantitative Chromatographic Separation of Amino-acids By W S Reich (mtro- 
duced by F Challengbb) [Department of Organic Ohemistry, The University, Leeds 2) 


A number of methods have recently been developed 
for the identification and the separation of ammo- 
acids Tisehus (1940) mtroduced the method of 
chromatographic adsorption on active carbon To 
avoid the difficulties of chromatography of colour- 
less substances, Karrer, Keller & Szonyi (1943) 
apphed to ammo-acids the method first mtroduced 
for the separation of sugairs by Reich (1939), usmg 
the coloured N p-phenylazobenzoyl derivatives (or 
shorter azoyl derivatives) Gordon, !Martm & 
Synge (1943) mtroduced the method of partition 
chromatography, based on differences m solubdity 
of acetylammo acids m two immiscible solvents 
Sanger (1946) apphed partition chromatography to 
the separation of the coloured N-2 4-dmitrophenyI 
derivatives of ammo acids, first prepared by 
Abderhalden & Blumberg (1910) 


Karrer’s method has the advantage of bemg 
based on the adsorption properties which are more 
selective than the differences m solubdity, and 
of usmg coloured derivatives, so that the separa 
tion may be controlled by foUowmg visually the 
development of the chromatogram However, the 
mstabdity to acid hydrols'sis of ammo acid esters 
m general, and of the N-azoyl esters m particular, 
constitutes a serious obstacle to then employ 
ment m the study of many problems of protem 
constitution 

It IS known that m contrast to the N carboxyl 
esters, the N sulphonyl esters are stable to acid 
hydrolysis, and that the ammo compounds can be 
recovered from such esters Havmg prepared 
N-azobenzene p sulphonyl derivatives (briefly to 
be called sulphazoyl derivatives) of some ammo- 
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acid methyl esters, I find that they can be selectively 
adsorbed on suitably prepared alumina 

The sulphazoyl derivatives were prepared by 
reaction of azobenzene p sulphonyl chloride with 
ammo acid methyl esters m pyridme 

The alurmna for adsorption was prepared by 
treatmg alumimum oxide with a 10 % solution of 
acetic acid m methanol 

A mixture of 41 mg of sulphazoyl glycme 
methyl ester ,(m p 148—9°) and 44 mg of sulpha 
zoyl DL alanme methyl ester (m p 127-8°) dissolved 
m 9 c c of chloroform, was passed through a column 
formed by a slurry of alurmna (120 g ), and a 0 1 % 
metlianol solution m benzene (260 c c ) m a tube 
22 X 400 mm ^Vlien aU the solution of the sulpha 
zoyl esters had been added to the colu mn the 


chromatogram was developed with 250 c c of the 
methanol/benzene solution Each band was finally 
removed, and the adsorbed compounds were eluted 
with acetone After e\aporation of the acetone the 
melting pomts showed thht the two esters had been 
separated The appearance of the final chromato 
gram, and the weights of the recovered compounds 
were as follows 


16 mm colourless 
60 mm deep orange 
10 mm colourless 


^37 mg SA glycme 
I ester, m p 148-149 


O 


methyl 


40 mm deep orange) 
20 mm hght orange 
60 mm deep orange 


i 


39 mg SA Dn alamne methyl 
ester, m p 129° 
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Amino-acid Decarboxylases of Lactobacilli By A W Rodwbll (From tht Af JJ 0 Unit for 
Chemical Microbiology, University of Cambridge) 


Ammo acid decarboxylases have not so far been 
recorded m lactobacdh Six such enzymes hate 
been described m other organisms, and, of these, 
the enzymes specific for lysme, tyrosme, argmme, 
ormthme and glutanuc acid have been shown to 
require pyxidoval phosphate as co enzyme (Gate, 
1946) The histidme decarboxylase of Cl welchii has 
not been resolved or otherwise demonstrated to 
require pyridoxal phosphate (Epps, 1946) 

A number of strama of the genus Lactobacillus 
producmg large amounts of histamme m culture 
were isolated from horse stomach contents Waalied 
suspensions of these organisms actively decarb 
oxylate histidme, lysme and ormthme 

The histidme decarboxylase may be extracted 
from acetone dried cells by autolysis at pH 6 
Attempts to resolve the histidme decarboxylase 
mto specific apo enzyme and prosthetic groups by 
dialysis at 37° at pH values rangmg from 2 to 9 
wore unsuccessful 

PjTidoxin IS an essential growth factor for these 


organisms, and the effect of pyndoxm deficiency 
on the formation of the complete enzymes was 
mvestigated The lysme and ormthme decarboxylase 
activity of ceUs grown m pyndoxm-deficient 
medium was almost abolished, whereas histidme 
decarboxylase activity was found to be shghtly 
greater m pyndoxm deficient ceUa 

The concentration of pyndoxm m the medium 
necessary for maximal ormthme and lysme de 
carboxylase activity is more than 1000 tunes 
greater than that required for maximal growth 
The formation of the apo enzyme of the ormthme 
decarboxylase is not greatly affected by moderate 
pyndoxm deficiency, and the activity of washed 
cells grown under these conditions was found to 
mcrease (after a latent penod) when the suspensions 
were tested m the presence of relatively high 
concentrations of pyndoxal The duration of the 
latent iieriod vaned with the concentration of 
pyndoxal, and on the pH 
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The Effect of Anterior Pituitary Extract on the Metabolism of Isolated Rat Diaphragm By 
J H Ottawat and R H Smtth (introduced by L M ICerly) (Department of Biochemistry, 
University College, London) 


Studies on the effects of anterior pituitary extracts 
(APE) in intro on animal metabohsm have been 
largely confined to expenments with isolated 
en2yme systems (Colowick, Con & Slem, 1947), and 
attempts to show an effect of extracts added in 
intro to mtact tissues have given mconclusive 
results (Riesser, 1947) Our experiments have 
shown that while APE per ae does not exert a 
marked influence on the metabohsm of isolated rat 
diaphragm, it abohshes the mcreased uptake of 
glucose firom a hqmd medium conta inin g msulm 
(GemmiU & Hamman, 1941, Stadie & Zapp, 1947) 
For this purpose a half diaphragm, before bemg 
meubated m a phosphate medium contammg 
glucose, was meubated for a half hour period with 
APE at 37°, a control half was meubated under 
smular conditions with 0 9 % sahne The effect 
found was not an unspecific effect of protem, smee 
mcubation with extracts of muscle protem did not 
abolish the mcreased glucose uptake m the presence 
of msulm 


Under the usual experimental conditions (cf 
GemmiU & Hamman, 1941) msulm promotes an 
mcrease m glycogen synthesis, but this mcreaso is 
not found m normal rat diaphragm which has been 
meubated either with sahne or with APE At the 
end of the half-hour period, however^ the glycogen 
content of diaphragm meubated with .^E is 
significantly lower than that meubated with sahne 
(cf Nelson, 1944) Moreover, the APE-meubated 
diaphragm shows a lower glycogen content after 
mcubation with Ingh (4, 6 mg /ml ) concentrations 
of glucose, but not with lower concentrations 
In diapliragm from adrenalectomized rats an 
mcreased synthesis of glycogen with msulm does 
occur after prelunmaiy mcubation with salme No 
mcrease is shown after mcubation with APE The 
glucose uptake of diaphragm from adrenalecto 
mized rats is at a generally high level (Kralil & 
Con, 1947), and the mcreased uptake m the 
presence of msulm is still abohshed bj’^ APE 
mcubation 
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The Core of the Insulin Molecule By JAY Butler, D M P Phillips and Joajst M L Stephen 
(Gourtauld Institute of Biochemistry, Middlesex Hospital Medical School, IP 1) 


Digestion of msulm with chjmotrypsin results m 
the formation of a number of peptides of molecular 
weight c 800, and a residual core of molecular 
weight c 6000 (Butler, Dodds, Philhps & Stephen, 
1948) These cores have been shown by electro- 
phoresis and diffusion to be substantially homo- 
geneous, the dmitrophenyl derivative runs on-a 
paper chromatogram as one mam spot, and a trace 
of a second which is possibly dmitrophenol The size 
of the core, however, apparently depends on the con 
centration of enzyme used, as further digestion can 
be effected by treatment with more chymotrypsm 
After oxidation by the method of Toenmes & 
HomiUer (1942), as used by Sanger (1947) for msulm, 
the electrophoretic pattern of the core shows the 
presence of three or four constituents These are also 
mdicated by paper chromatography Oxidation of 
the DNP core yields two fractions, one soluble and 
the other msoluble m dilute formic acid The acid- 
insoluble portion can be dissolved m dilute am 


moma, and after neutralization with acetic acid is 
separable on a starch water colu mn mto^ three 
bands, smular to those obtamed from the soluble 
portion 

DNP cores have also been exammed for their 
termmal ammo groups by the method of Sanger 
(1946) Termmal glycme, vahne and histidme have 
been identified m three different cores, and a 
termmal e ammo group of lysme m two out of three 
Ratios vary shghtly from core to core, suggestmg 
different degrees of digestion ' 

The distribution of aromatic ammo acids between 
the precipitable core and the peptides m the filtrate 
has also been mvestigated Phenylalanme deter 
min ed by the Hess & Sullivan method (1944) is 
present m hydrol3^ates of the core and filtrate m 
the proportion of 1 to 4 Tyrosme determmed 
directly by the Folm Ciocalteu reagent (1927) is 
distributed as three or four residues m the core, and 
five or SIX m the filtrate These results support the 
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liypothesis that the chymotrypsm has acted on 
the peptide bonds involving the carboxyl group 
of an aromatic ammo acid and the ammo group 
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of another ammo acid, m accordance "with the 
specificity assigned to it by Bergmarm & Fruton 
(1941) 
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Diffusion of Hydrogen Ions through Isolated Gastric Mucosa By C Terneb {Medical Research 
Oouncil Unit for Research in Cell Metabolism, Department of Riochemislry , The University, Sheffield) 


It IS generally behaved that the HCl secreted by the 
oxyntio cell is isotomo with the blood, and that the 
variations m the acidity found m the gastric jmce 
are due to subsequent dilution and neutralization 
by other secretions (seeBabkm, 1944) Teorell (1933) 
rejected this view and suggested that back diffusion 
of H+ ions through the gastric mucosa is the mam 
cause of the vanations 

To test this, manometnc experiments were earned 
out to study the diffusion of H+ ions through iso 
lated gastnc mucosa of frogs and toads m an 
apparatus desonbed by Davies & Temer (1948) In 
thirty five experiments solutions of HCl + NaCl 
I (total concentration 0 12 m) were placed m contact 
^ with the secretory sides of 0 6 cm ’ sheets of isolated 
mucosae which were meubated m bicarbonate sahne 
at 26 0° With non secretmg mucosae an output of 
CO 2 m addition to the normal respuatory exchanges 
was observed which decreased exponentially with 
tune m agreement with Teorell’s findmgs Teorell’s 
(1947) equation H=E[;^e~’dF -^as shown to apply 
(Ho=mitial acidity (mM), H = acidity at tune 
t (min ), p = volume (ml ) of the added HCl solution, 
c=‘permeabihty coefficient’) In rune aerobic 
experiments with 0 1 K HCl, c for 0 6 cm * sheets of 
isolated mucosa of average thickness 0 3 mm was 
from 3 2 X 10~* to 13 0 X 10”^ ml mm (average 
9 0 X 10”*, standard deviation 2 7 x 10~*) Similarly, 
m seven experiments with 0 06, 0 02 and 0 OlK HCl, 
c was from 2 2 x 10-^ to 11 Ox 10-^ ml mm 
(average 7 0 x 10“*, standard deviation 2 9 x 10~*) 
There w os, therefore, no significant difference in the 


values of c obtamed with these concentrations of 
HCl The average drSiision constant for these 
mucosae calculated from the average value of c was 
0 08 X 10“^ cm ° sec (The diffusion coefficient of 
0 1 N HCl IB 2 5 X 10“* cm ® sec -* (Hoeber, 1946) ) 

Electrometnc titrations of the HCl solutions after 
the mcubation showed a reduction of acidity equi- 
valent to the amount of COj which had been evolved 
from the bicarbonate sahne m excess of the respira- 
tory exchanges Similar results were obtamed with 
anaerobic mucosa, dead pig bladder and Cellophane 

In aerobic mucosa m contact with 0 02 or 

0 05 n-HCI the output of CO 2 stopped after stimu 
lation by histamme, and the subsequent uptake of 
CO, indicated that HCl was bemg secreted (see 
Davies, 1948) Addition of 2 ml of 0 16 N HCl to 

1 ml of 0 12 M NaCl already m contact with acid- 
eecretmg mucosa resulted m a decrease of the CO, 
uptake followed later by an output of CO,, although 
fluid secretion contmued at a slower rate 

In experiments with tied bags of gastnc mucosa, 
usmg the technique of Davies (1948), back diffusion 
of secreted HCl was observed when secretion hod 
stopped, but the rates of diffusion were only about 
one fifth of those observed m the experiments 
described above 

Tliese results show that diffusion of H+ 10 ns can 
occur through hvmg isolated gastnc miicosa Tlie 
quantitative significance of diffusion m normal 
mucosa is, however, stiU tmeertam, since the rates 
of diffusion are influenced by expenmental 
conditions 
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Chemical Energy Relations in Gastric Mucosa By E Eva CnA 2 >nD and R E Davies {Medical 
Research Council Unit for Research in Cell Metabolism, Department of Biochemistry, The University, 
Sheffield) 


In order to study the relation between the 
energy hberated by metabolism and the energy 
utdized durmg functional activity, measurements 
were made of the average mcreases m the 
Qoj and the (yl /mg dry wt /hr ) followmg 

hiAamine stimulation m each of thirty-three 
isolated frog gastric mucosae m phosphate sabne 
gassed with 100% Oj (for techmque see Davies, 
1948) 

Under conditions obtaimng m acid secreting frog 
oxjmtic cells, the minimum free energy needed to 
produce the H+ and Cl" ions together with the 
water of the secretion heis been calculated to be 
about 1 0 X 10* cal /g mol HGl 

The free energy from glucose oxidation which is 
available for secretion is unknown but some esti 
mates can be made Two possibihties are discussed 
(A) If aU the free energy of the overall reactions 
between glucose and O 3 is available, then for the 
secretory umts Qoj 1 cannot be greater than 

116 (B) If the free energy of the reactions between 
glucose and femcjdochrome c only is available 
(fem/ferro=^), then energy is dissipated'm the 
later stages of the oxidations, and for the secre 
tory umts Qaa/i I cannot be greater than 
6 0 

An electron-cycle mechanism (Crane, Davies & 
Longmuir, 1948) has been suggested for the utihza 
tion of this metabohc energy (perhaps as high- 
energy 'phosphate bonds) m HCl secretion A 
possible supplementary process for the production 
of H+ and OH~ 10 ns by oxyntic cells (suggested 
mdependently by Robertson (1948)) is the reaction 
of Oj with substrate H atoms, via cytochrome 
oxidase and the cytochromes, to form H+ and OH“ 


instead of HjO Tlie overall reaction for glucose 
oxidation is then 

CjHijOj -f OOa + 1 8HjO 6 CO 2 -f 24H+ + 240H-, 
and by this process alone (C) Qna/I Qoi | = 4 for the 
secretory units If the mcrease m metabohsm after 
histamme provides the power used for acid secretion, 
then the ratio 

mean for the period of mcreased ' 

respiration after lustamme 

mean mcrease m for tins period 
is the same for the whole mucosa as for the secretory 
umts The results presented show that, within 
experimental error, this ratio <116 for all of 
thirty -tluee mucosae, <60 for only half of thb 
mucosae and < 4 for only one-tliird of them 

The thermodynarmc efficiency of HCl production 
appears to be remarkably lugh , on the basis of (A) 
it IS 60 % or more for about two tlurds of the 
mucosae used, either (B) or (C) alone gives many 
results of over 100 % It may be that part of the 
energy or some of the H+ ions from the unstimu 
lated respiration can be utihzed for acid secretion, 
m which case (B) or even (C) alone may not be 
excluded, smce the mean of the mucosa for 
the whole experiment was never greater than the 
mean Tins result is expected when phosphate 
sahne is used (Davies & Longmuir, 1948) 

Maximally secretmg mammalian oxyntic cells 
can have values greater than 1000 For 100 % 
efficiency a of — 87 is required assummg (A), 

170 assummg (B) and —260 assummg (C) alone 
These high values, which must be exceeded if the 
cells are less than 100 % efficient, show that they 
are among the most active mammahan cells known 
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Electric Energy Relations in Gastric Mucosa By E Eva Graite and R E Davies {Medical Research 
Council Unit for Research in Cell Metabolism, Department of Biochemistry, The University, Sheffield) 


When isolated frog gastric mucosa commences to 
secrete HCl, its capacity to do external electrical 
work decreases (Crane, Davies & Longmuir, 1948o) 

, Moreover, electnckl energy supphed by an external 
source of power can apparently be utilized by acid- 
secretmg mucosa (Crane, Davies & Longminr, 
1948 b) An attempt has therefore been made to 
correlate the electrical and biochenncal energy 
relations of HCl secretion / 


The table gives data for an average isolated frog 
gastric mucosa at 26 0° The latent electric power is 
the maximum electric power the mucosa ought be 
expected to expend (see Crane et al 1948o) Since 
1 cal /sec = 4 2 W , for a non secretmg mucosa this 
represents 3 6 % (A) or 6 3 % (B) of the metabohc 
power of the whole mucosa (see Crane & Davies, 
1948) Durmg HCl secretion the latent eleotnc 
power is lower by 0 30 gW /mg dry wt Smce the 
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secretion of 1 g mol HCl requires 1 0 x 10* cal , a 
Qua of 2 0 requires a power of 1 0/xW /mg dry wt , 
1 e 0 7 /iW /mg dry wt more than the maximum 
which nught he avadahle from the latent electric 
power Now the average increase m | j of 0 3 


Table 1 Physical and metabolic data for an average 
isolated frog gastric mucosa at 25 0°, of thickness 
0 26 mm and dry wt tn I cm ^ of holder, 9 6 mg 

Value Value 


Variable 

QojWmg drywt/hr) 
Chu (;jl /mg dry wt /hr ) 
Potential difference (mV ) 
Resistance of mucosa m 1 cm 
of holder (fl - cm •) 

Latent eleotno power, i e 
p d ’/resistance, for 1 mg 
dry wt (pW /mg dry wt ) 


before durmg 

HCl HCl 

secretion secretion Change 

-21 - 24 -03 

0 20 20 

-30 -20 10 

‘ 210 280 70 

0 45 0 16 - 0 30 


on secretion would provide 1 8 (A) or 0 93 (B) 
pW /mg dry wt This would imply an efficiency of 
at least 39% (A) or 76% (B) m the utilization of 
energy from the mcrease in. the rate of respiration 
When an enhancmg current is passed through 
an isolated frog gastno mucosa secretmg HCl, 


the QgQ mcreases (Crane et al 19486) With 

0 4 ma /cm * the average mcrease m Q^ci 

1 0, this requires an additionalpower of 0 6pW /mg 
dry wt The power taken from the external source 
cannot be calculated until the mechanism of energy 
transfer is more fully imderstood, but some esti- 
mates can be made According to the electron cycle 
mechanism of HCl production, an electron is trans- 
ferred across a Fe++, Fe+++ system for each H+ 
and Cl~ ion secreted (Crane et al 1948a) This 
process could be expedited by the potential dif- 
ference mamtamed across the secretory -umts by an 
enhancing current 

For a given mucosa the Q^a proportional to 
the rate of transport of H+ ions (and of electrons) 
Assummg that this rate is proportional to the total 
potential difference across the umts, the calculated 
mcrease m Q^ai agrees with the experimentally 
observed value The power required to mamtam 
this enhanced potential difference is at least (1) 
that needed to overcome the resistance of the 
mucosa (Joule effect), i e 4 7 pW /mg dry wt for 
the average mucosa secretmg HCl, and (2) that 
needed to overcome the e m f of the mucosa, i e 
0 84 pW /mg dry wt The average overall efficiency 
of the process would thus be about 10 % 
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The Thyroid Gland and Carotene and Vitamin 
of Biochemistry, The University, Liverpool) 

The work of DnU & Truant (1947), CanadeU & 
Valdectisas (1947), and Johnson & Baumann (1947) 
indicates that either thyroidectomy or treatment 
With thiouracil impaus the abdity of rats to convert 
carotene mto vitamm A J ohnson & Baumaim also 
showed that desiccated thyroid counteracts the 
effect of thiouracil, and that hyperthyroid animals 
coniert carotene mto vitamm A more efficiently 
than do normals The thyroid hormone or the drug 
may act directly on the enzyme system concerned 
in the carotene -v vitamm A transformation, or 
indirectly by affectmg the stabihty of carotene m 
the digestive tract or by controlling the efficiency 
of absorption of carotene An attempt is bemg made 
to resolve these uncertamties 
Absorbed carotene is converted mto vitamm A in 
the gut wall (see, for example, Glover, Qoodwm & 
Norton, 1948) and m animals such as goats and 
mbbits this process is apparently so efficient that 
carotene never appears m the blood (Goodwm & 


A Metabolism By T W Goodwin (Department 

Gregorj', 1948) Inhibition of the enzyme system 
not accompamed by reduced absorption or reduced 

Table 1 Vitamin A blood levels of rabbits dosed with 
either thiouracil or desiccated thyroid 

Blood Titamin A levels 
(i u /lOO ml plasma) 
Days after beg inning of 
administration of drug 

Animal , * 

no Dose 0 7 14 21 28 

3 Control 138 154 148 169 142 

4 ((500 mg thiouracil per) 171 166 172 149 143 

6 ( day for 18 days J — 169 170 149 165 

7 200 mg desiccated 127 148 126 123 121 

thyroid per day for 
18 days 

mtestmal stabihty of carotene should result m the 
appearance of carotene in the blood Adult rabbits 
mamtamed on a carotene rich diet, were treated for 
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3 -weeks -with thiouracil and their blood e-^amined 
periodically for carotene , on no occeision -was caro 
tene found As thiouracil has no effect on the 
stahihty of carotene tn vUro (Cama & Good-win, 
1948), the possibihty exists that the primary action 
of thiouracil is on the absorption of carotene 
Experiments to test this are m hand 

The plasma -vitamm A levels of the animals just 
considered and of similar animals treated -with 
desiccated thyroid -were also followed , no significant 
variations were recorded m any group (Table 1), 


and no mtermediate metabohtes (e g retmene) 
were detected 

Wliatever the action of the thyroid hormone on 
-vitamm A metabohsm per se it does not appear to 
control the system mamtainmg the equilibnum 
between plasma and hver -vitamm A levels (Glover, 
Good-wm & Morton, 1947) This fact suggests that 
the diagnostic value of -vitamm A plasma levels m 
cases of suspected thyroid imbalance is of httle 
value , it can also account for the conflicting cluneal 
reports (see e g Drill, 1943) 
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The Role of Thyroglobulin and lodinated Casein in the m vitro Conversion of Carotene into 
Vita mi n A By H R Cajia and T W Goodwtn {DepartmeiU of Biochemistry, The University, 
Liverpool) 


Kaplansky & Balaba (1946) have reported that 
carotene is converted mto -vitamm A by meubatmg 
^oUoidal solutions of carotene -with aqueous solutions 
of either thyroglobuhn or lodmated casern, boiled 
solutions of the proteins are meffective The unph 
cations of such a reaction m the study of -vitamm A 
metabolism are so important that an mvestigation 
of the Russians’ claun has been -undertaken Their 
experimental details have been followed as closely 
as possible but they are somewhat scanty No 
conversion was ever demonstrated but colloidal 
solutions of p carotene when meubated alone or 
-with boded br unboded thjuoglobuhn or lodmated 
casein undergo considerable stereoisomenzation 
This isomerization alters the absorption spectrum 
of ^-carotene and results m the formation of a ‘eta’ 
peak at c 336 my, (Zechmeister, 1944) This hand 
could conceivably be mistaken for the -vitamm A 
hand (328 m/x ), and further e-vidence, such as that 
provided by the SbCh colour test, is necessary , even 
then care must be -taken to avoid mistakmg the 
■vitamm A ‘blue’ for the /3 carotene ‘blue’ 


Kaplansky & Balaba state that both ultra-nolet 
and SbCl 3 tests were earned out, but no mdication 
of the instruments used are given 

In the present mvestigation the correction pro- 
cedure of Morton & Stubbs (1946) was apphed to 
the ultra -violet absorption spectra of meubated 
solutions measured on a Beckman photoelectric 
spectrophotometer, none of the spectra was 
‘correctable’ for -vitamm A Usmg the Hdger- 
Nuttmg spectrophotometer, by which the SbCh 
colours of -vitamm A and ^ carotene can be easily 
distmguished, the absence of -vitamin A was 
confirmed 

After such negative results the mvestigation was 
expanded m a senes of experiments earned out 
under varymg pH, mcubation -temperatures and 
tunes, freshly minced bullocks’ thyroids were 
also used Vitamm A formation was never demon- 
strated 

The stabdity of meubated coUoidal solutions of 
P carotene was unaltered by the addition of 
thiouracd 
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Some Properties of the Glutamlnase of Clostndmm welchii By D E Hughes and D H ‘VyiuLiAMSON 
{Medical llesearch Council Unit for Research in Cell Metabolism, Department of Biochemistry, The 
University, Sheffield 10) 


As previously shown, cetyltnmethyl ammomum 
bromide (cetavlon) accelerates the decarboxylation 
of glutamic acid and the deammation of glutamine 
by suspensions and cell free extracts of Gl welchti 
(Krebs, 1948, Hughes, 1948) To study the cause of 
this acceleration the properties of the glutaminase 
have been mvestigated 

The activity of the glutaminase was determined 
by measuring the NH3 formation m a mixture 
containing 0 01 M-glutamme, 0 1 m acetate buffer, 
pH 6 O, 0 026 M KOI and the enz5mie material The 
rate of glutamme hydrolysis is expressed as 
{yl RSJmg dry wt fhr ) 

Tlirough the courtesy of Dr B C J G Knight 
centrifuged cells of Cl wdchvi (Str 107) CN 1490 
from 600 1 of medium grown for the preparation of 
a toxm were avadahle These were dried over PaOs 
and extracted with 6 vol of borate KCl buffer at 
pH 8 6 The supernatant, after extraction, contamed 
80% of the original activity This was further 
fractionated by precipitation at pH 7 0, 4 8 and 
4 1 The precipitate ohtamed at pH 4 1 contamed 
12 % of the dry weight and 60 % of the glutammase 
activity of the ongmal cells Qnhj 1300 
compared with 360 for the startmg material The 
purified enzyme was soluble m phosphate buffer at 
pH 8 0-8 6 but not at a lower pH 

Dialyzmg or waslimg the precipitated enzyme 
with water, resulted m the almost complete loss of 
activity This could he fully restored by NaCl or 
KCl (2 6 X 10~“ m) Other amons replaced Cl' in the 
followmg or^er of effectiveness 

, Br'>a'>r>N 03 >c]sr'>cNS' 

The glutammase of the cells used for the prepara 
tion of the purified enzyme was not accelerated by 


cetavlon 'Apart from belonging to a different 
stram, the cells differed from those which had been 
previously used by havmg been harvested after 
6 hr , compared with 16 hr mcubation m the 
previous work This suggested that the age of the 
culture determined the cetavlon effect The table 
shows that this is the case It also shows that 
although there was no further growth after 6 J hr , 
the glutammase activity contmued to mcrease 
About two thuds of the glutammase activity of the 
cells harvested at 13^ hr whs formed after growth 
had stopped, and it thus appears that cetavlon acts 
only on the enzyme formed after cessation of 

Age of culture and glutammase activity of 
Cl welchn (Str 107) ON 1490 

(Cells grown at 37° On casern meat glucose medium, 
washed once with s alin e ) 


Time 

Diy wt 
ceUa 

pH of 

Without 

- ^ 

■V 

Cetavlon 

(hr) 

(mg /ml ) 

medium 

cetavlon 

(0 0025 SI) 

0 

— 

68 



__ 

2i 

0 13 

63 

36 

36 

4 

0 37 

6 1 

85 

86 

H 

0 43 

48 

112 

164 

7 

0 43 

47 

166 

212 

13i 

040 

47 

266 

426 


l 

growth A cetavlon effect could be mduced m 
washed young cells by suspendmg them m buffers 
at pH 4 0 or 6 0 for 3 hr at 40° This treatment 
abohshed 80 % of the original activity, and cetav Ion 
restored this The activity of the purified enzyme 
was not mcreased, but inhibited by cetavlon 
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The Effect of Fats and Fatty Acids on Lactobaciili Used in Microbiological Assays By 

F W Norms and K J Lynbs (Department of Industrial Fermentation, University of Birmingham) 


The present mvestigation arose from studies of 
Hiotm content of ungermmated and germmated 
cereals By minor modifications m the method of 
®ssaj of biotm by Barton-Wnght (1946), improved 
tesponso curves usmg Lactobacillus arabinosus 11 fS 
■uoro obtained Tlie casern hydrolysate used m the 
Hi^iiim was standardized to contam 10 %N 
(KjoldaW) Increased buffer action m the medium 


was effected by raismg the concentration of sodium 
acetate from 0 6 to 0 9 % 

In the assay of cereal products it became evident 
that the most serious cause of trouble was the 
presence of fats m the ongmal matenal or of fatty 
acids m the prepared extracts, as reported and 
discussed by a number of workers In general, the 
presence of these substances inhibits the activity of 
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the assay organisms and causes a' downward ‘drift' 
m assay results at mcreasmg vitamin dosage levels 
The problem is complex and may mvolve both 
chemical and physical effects 

In the biotm assay, usmg oils prepared from 
cereals, other vegetable oils, and an animal oil such 
as cod hver od, it was found that, after mitiaJ 
stimulation at the basal vitarmn level, there wiaS 
a change over to inhibition at higher vitamin levels 
The degree of inhibition appeared to mcreaae with 
mcreasmg lodme number of the oils With the fatty 
acids themselves, saturated acids — ^pahmtio and 
stearic — ^behaved similarly to the oils, whereas 
unsaturated acids — oleic and hnoleic — caused 
considerable stimulation, irrespective of vitamm 
level 

It IB difficult to reconcile these results with 
explanations offered hitherto Smce unsaturated 
acids play an important part it is probable that 
labile oxidation-reduction systems are mvolved It 
seems unlikely, however, that the influence of redox 
potentials on bacterial growth, propounded by 


Kmght & Fildes (1930), mvolves stimulation or 
inhibition dependmg on vitamm concentration 
Agam, our results do not lend themselves to 
complete support of the suggestions of Kodicek & 
Worden (1946) A large number of experiments on 
2/ hdveticiis were carried out on similar hnes to 
those proposed by Kodicek & Worden Although 
confirmation of some of then results was obtamed, 
it was found that, m an ‘unextracted’ medium, 
oleic acid did tend to inhibit growth, although some - 
‘protection’ agamst tlus inhibition was afforded by 
fatty substances m the medium It was also found 
that if the orgamsms were first allowed to attam 
active growth m normal media, subsequent addition 
of unsaturated acids produced but shght effect It 
IS thus difficult to accept the suggestion of Kodicek 
& Worden that the action is physico chemical and 
due to the formation of an mlubitory mono layer 
of fatty acids round the bacteria It is thought that 
an alternative suggestion of these workers is more 
probable, namely, that these acids have a direct 
chemical action on the metabohsm of the bacteria 
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The Influence of some Synthetic\)estrogens and Related Substances 
upon the Succinoxidase System of Rat Liver 

By E M CASE akd E DICKENS 

Qourtauld Institute of Biochemistry, Middlesex Hospital Medical School, London, W 1 

^Received 24 March 1948) 


Practically nothing is known concerning the manner 
m which oestrogena, either natural or synthetic, 
bring about their characteristic effects in vivo, and 
the difficulty of correlating oestrogenic activity with 
chemical structure is notorious Particular mterest, 
therefore, attaches to the observations of McShan & 
Meyer (1946) on an apparently specific inhibition of 
the succmoxidase enzyme complex m rat liver and 
pituitary tissues, produced by stilhoestrol (4 4' di 
hydroxy diethylatilbene), hexoestrol and dien- 
oestrol m low concentrations These workers m- 
dicated that the inhibition was exerted not-upon the 
BuCcmic ^eh^^ogenase, but upon the cytochrome 
oxidase comj^nent of the system, being thereby 
distinguished from inhibitions of the typo produced 
by malonate, from which it also differed m respect 
of the markedly lower concentrations of oestrogen 
necessary to inhibit to a given degree When one or 
both of the 4 4' phenolic hydroxyl groups were re- 
placed by carboxymethoxy groups it was reported 
tliat the inhibitory power of the resulting compounds 
towards succmoxidase and the oestrogemc potency 
declined m parallel These findings, as was pointed 
out by the authors, suggest that the oestrogenic 
effect of such compounds is functionally associated 
mth then action upon the succmoxidase system 
This possible elucidation of the mode of action of 
ocstrogens acquires an enlianced significance m the 
liglit of the relationship existing m some cases be 
tween oestrogenioity and carcmogenicity If the 
elicitation of on oestrous or neoplastic response m 
jthe hiong organism could be shown to be consistently 
associated mth the ability of the agent to mterfere 
with a specific enzjmuc reaction, a fundamental 
contribution to our understanding of these processes 
ouldha\ o been made Weha\ e, therefore, amplified 
^ the observations of !McShan iL Jleyer (1940) bj 
, iiw cstignting the action of a wider range of oestro 
I gens and of substances of related chemical structure 
whoso oestrogenic potonm is slighter or m some 
^instances negligible The hipothesis that oestro 
gcmcit\ IS correlated with the property of inhibiting 
koine component of the succmoxidase system is not 
,, support cd b\ our results Since this work was com- 
t lilcted a further commumcat^n bv McShan, Mej er 
Erwax has appeared m which the concept 

i^likcwnso abandoned Sonjio of our experiments, 
Bioclioni lots, 43 


however, throw mterestmg hght upon the question 
of the constitution of the succmoxidase system 
Evidence has been previously adduced that suo- 
oinate, activated by its dehydrogenase, is not, as 
was once thought, capable of reactmg directly with 
the cjdochrome c oytochrome oxideise complex, nor 
of reduemg cytochrome c without the mtervention 
of other mtermediates, and the findings reported 
here support this view 

EXPERIMENTAI, 

In general the techniqne of McShan k Meyer (1946) was 
followed closely As a source of the succinoxidase system 
and its components, homogenized rat hver was used. Adnlt 
males from the laboratory stock were killed by decapitation 
and the appropnate amounts of tissue excised, weighed and 
homogenized immediately in ice cold glass distilled water 
by the method of Potter & Elvehjem (1936) The activity 
of the homogenates was nnaffeoted by storage for several 
hours at 0°, and it was found advantageous as a rontme 
to allow them to stand for 2 hr m the refrigerator, and then 
to decant the supernatant suspension from the shght sedi 
menf of coarse nndiamtegrated cell debns This yielded very 
nmfonn dispersions which could be accurately pipetted and 
gave highly reproducible results, repheatea commonly 
agreeing to withm 2 or 3 % Preparations which had been 
kept for 24 hr or more at 0° usually retained over 80% 
of their succinoxidnse activity, but in view of posable 
differential detenoration of the constituents of the enzyme 
system, results ohtamed with such homogenates are not 
mcluded The final homogenate was customarily used in 
a concentration of 5% (m terms of fresh tissue) for sue 
cinoxidasB or succimc dehydrogenase assay, and 1 or 0 5% 
for cytochrome oxidase determination. The equivalent dry 
weights of tissue were determined by drying samples of 
homogenate to constant weight at 10^110'’ 

Cytochrome e was prepared from heart muscle of freshly 
slaughtered horses by the method of Keilm <fc Hartreo 
(1937), the only moifications bemg that glass distilled 
water was used instead of dilute NaCl for the final dialysis, 
and that the product was stored m the refrigerator m 
aqueous solution (ion’ll) without chloroform or other pre 
sorvative Standardization was earned out spectrophoto 
metncalli with the Hilger Nuttmg instrument, and the 
preparations showed no evidence of detenoration over a 
penod of several months 

Sodium succinate was prepared by accurate neutrali- 
zation of a roncentrated aqueous solution of pure succinie 
acid with NaOH, followed by precipitation and washing 
with ethanol, filtration and drymg 
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E M CASE AISTD E DICKENS 


The substances tested for inhibitory activity are bated 
in Table 1 We are indebted to Mr W Lawson of this 
laboratory for carrying out the synthesis of the majority 
and for generously presentmg us with specimens The 
oestrogemo potency was assayed m this laboratory by the 
usual routme technique, usmg rats (Wilder Smith & 
Wilhams, 1947) The ‘oestrogemcally active dose’ is the 
total weight of compound which, when admmistered in 

5 or 6 mjeotions over a 3 day period, results in 100% 
positive response The method by which solutions of these 
compounds were obtamed was substantially that onthned 
by McShan & Meyer (1946) , they were dissolved in small 
quantities of 2 n NaOH, which was then partly neutralized 
with HCl and subsequently diluted with distdled water, the 
quantities hemg adjusted so that the resultmg solutions 
were 0 008 si with respect to NaOH, 0 002 sr with respect 
to NaCl, and of the desired molanty, usually between 

0 0006 and 0 002si, with respect to the substance under 
test Sometunes poor soluhdity of the inhi bitor necessitated 
stronger alkah, m all' cases appropriate control solutions 
were made up with NaOH and HCl and added to the 
control manometno vessels m the experiments Incon 
sistenoies in prehmmaiy results were traced to the circum- 
stance that the oestrogens or inhibitors were occasionally 
partially, or wholly, precipitated from then alkahne 
solutions on hemg mixed with the rest of the contents of 
the reaction vessels, which were buffered at a lower pH, 

1 e 7 4. Attempts to overcome this diflSoulty by such 
expedients as the use of caffeme as a solubilizer (Wed 
Malherbe, 1946) were unsuccessful because purmes m the 
concentrations necessary inhibited the succmoxidaBe system 
powerfully, the use of more alkaline buffers to prevent 
precipitation also severely unpaired the enzymic activity 
Solutions of some of the compounds were supersaturated, 
and often spontaneously deposited crystals withm an hour 
or two, for this reason they were always made up im- 
mediately before use It was found that the tendency to 
precipitate in the reaction mixtures was much reduced if 
the inhibitors were mtroduced mto the Warburg flasks 
before any of the other constituents of the reaction mixture 
other than water, and this was made standard routme In 
addition, ‘pdot’ mixtures were set up m which samples of 
the inhibitor solutions were added to mixture^ which 
imitated the contents of the experimental vessels except 
that homogenate and cytochrome were omitted, it was 
then possible to be reasonably certam whether the sub 
stances were or were not remaining m solution. 

Conventional Warburg manometno teohmque was em 
ployed When homogenates were used, the procedures for 
assay of succmoxidase and cytochrome oxidase desonbed 
by Schneider & Potter (1943) were followed m essentials 
Por succmoxidase, each vessel contamed 0 2 mL of enzyme 
preparation, 0'2mL of a solution 0 006 m with respect to 
both AlCl, and CaCl,, 0 2 ml of 0 76m Na succinate, 

0 1 ml of 10"®M cytochrome c, 0 3 mL of inhibitor or con 
trol solution, 1 0 mb of phosphate buffer (0 1m, pH 7 4), 
and glass distilled water to make a total volume of 3 0 ml 
In cytochrome oxidase mvestigations the succinate was 
replaced by 0 3 ml of 0 114m Na ascorbate (freshly pre 
pared by neutralization of ascorbic acid with NaOH), 

1 0 ml of 10"^M cytochrome c was used instead of 0 1 ml , 
and the concentration of the homogenate was reduced from 

6 to 0 5 % Por the measurement of succmio dehydro 
genase activity, cytochrome was omitted, and 0 6 mL of 
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a 0 6% aqueous solution of hnlhant cre^l blue (Wed 
Malherbe, 1937, McShnn & hloyer, 1946) was mcluded, 
sometimes cyamde m 10 "’m concentration was present also 
In all expenments with homogenates the gas phase was air 

Shces and strips of tissue were used m a phosphate 
Rmger solution, pH 7 i (Dickens A Simer, 1930), to which 
Na succmate (0 0376m) and dissolved oestrogen (lO'^M) or 
control solution were added The centre wells contamed 
0 2 ml of 10 % NaOH, the total fluid volume was 2 2 nd , 
and the gas phase was O3 Plasks were shaken at 96 
osoillations/mm m a water bath at 37 5° Spectroscopic 
observations were made either with a hand spectroscope or 
with a Hdger constant deviation wave length spectrometer 

RESULTS 

Under the conditions stated the for succmate 
oxidation by the liver homogenates was consistently 
m the neighbourhood of 70 m the controls, rarely 
faUmg below 65 or exceedmg 75 This is m fairly 
good accord with the figures of McShan & Meyer 
(1946) and other American workers, though it 
agrees poorly with recent values given by Hoch 
Ligeti (1947) m this country, which on the average 
were of the order of half this magmtude However, 
the discrepancy may be largely accounted for by the 
fact that we used 10 mg of wet tissue m 3 ml , with 
the addition of calcium and alummium 10 ns, whereas 
Hoch Ligeti (1947) used 40 mg of tissue in the 
absence of Ca"*”*’ and Al’*"*"*’ For the oxidation of 
ascorbic acid by cytochrome oxidase the range of 
variation m was somewhat wider, but the values 
were always between 300 and 400 

When succmie dehydrogenase activity was 
measured m the presence of hnlhant cresyl blue, 
with or without cyanide, but m the absence of added 
cytochrome c, the Q value was generally reduced to 
less than half of its normal level, 1 e to about 30 
Some specimens of this dye seemed more mjunous 
to the enzymes than others, them use was naturally 
avoided when possible Methylene blue proved 
mMkedly less efficient as a earner, and after pre- 
Imunary tnals was not employed m these expen- 
ments 

J7^7^^6^^^on 0 / succmoxidase in liver homogenates 

\ 

Table 1 contains the summarized results showmg 
the overall inhibition of succmoxidase by the whole 
range of oompoimds tested, presented m the form 
of percentage mhibitions m relation to the control 
values, for three levels of concentration of inhibitor 
These inhibitions have been calculated on the basis 
of the ayerage over the first four 10 mm penods, 
the uptake was almost mvanably nearly hnear for 
at least twice that time Several tests were made 
with each substance , flasks were set up m dupheate, 
and habitukUy gave agreement to withm less than 
6%, the mean value bemg taken The figures m 
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Table laretakenfromtlieprotocolsofsuigletypical almost negbgible mhibitory power, their 

experiments, and are fully representative smce dia- effectiveness as oestrogens is considerable The most 
cordant or anomalous results were not encountered, convmcing evidence is perhaps that furnish^ by 
except on a few occasions when the inhibitor had bisdehydrodoisynolic acid methyl ether and 
precipitated from solution ' methoxy-2' naphthyl)-! 1 dimethyl-n-valeno acid. 


Table I Structure, oestrogenic potency and tnhtbttory power towards succingxtdase of compounds^ tested 


(The compounds axe grouped according to their activity on the basis bighoestrogenjca0tlvity=oesferogemodos6 <lmg 

high inhibitory powers >60% inhibition at 2 x KHm.) Percentage inhibition at molar cono 

Oestrogenic 

Compound 

A. High oesfrogenic 

Stilboestrol (4 4'-dihydroxy-a^-diethyl8tilben6) 

Hoxoestrol 
Dienoestrol 


Sodium hexoestrol diphosphate 
Sodium hexoestrol monosulphate 
Dipotassium heroestrol disuiphate 
Dipotassium stilboestrol disuiphate 
4 4' Dicarboiymethoxystilboestrol (sodium salt) 

4 4' Dicarboxymethoxyhexoestrol (sodium salt) 

7 Methoxy 2 methyl 1-ethyl 1 2 3 4-tetrahydro 
phenanthrene 2 carboxyhc acid (bisdehydro 
doisynolio amd methyl ether) 

2 (6' Slethoxy 2' naphthyl) 1 1 dimethyl n-valeno amd 


dose 

6x10-* 

10-* 

2x10-* 

high inhibitory activity 



<0 6 pg 

60 

87 

100 

02 

61 

83 

100 

<0 5 

17 

78 

96 

i low inhibitory activity 



2 pg 

1 

— 

3 

10 

7 

12 

20 

26 

0 

3 

8 

26 

9 

10 

— 

200 

— 

0 

6 

200 

— 

18 

'22 


06 


13 


C Low oestrogenic and high inhibitory activity 


MoHerocstrol 

1 mg 

27 

67 

4 4' Dihydroxystilbene 

10 

65 

90 

1(4' Hydroxyphenyl) 2 phenylethane 

>100 

12 

26 

1 2 Di(4' hydroxyphenyl)cydohexane 

>10 

8 

26 

4-Hydroxy bonzyhdeneacetophenone 

100 

22 

42 

Bonzyhdeno-4-hydroxyacotophenone 

>100 

16 

30 

4rtfri Amvlphenol 

100 

16 

32 

4 4' Dihydroxytriphenylmethane 

26 

27 

63 

3 Phenyl 3 (4' hydroxyphenyl) 2 4-dimethylpentane 

2 

60 

92 

2 Phcnylphenol 

>100 

30 

66 

2 Phenyl 2-(4' hydroxyphenyl)propano 

60 

30 

66 


09 

07 

62 

82 

60 

68 

100 


98 


D Low oestrogemo and low inhibitory activity 


4 Hydroxystilbeno 
1 2 I)i(4' hydroiyphonyl)othane 
4 Hvdroxydiphenylmethano 
4 4' Dihydrosydiphcnylmethane 
4 4' Dihydrorydiphenyl 
Epoxv 2 3 di(4' hydroxyphonvl)bntano 
1 2 1)i{4' hydioxyphenyl)c}fclobox 1-cne 
3-4 Di(4' hydroxyphenyl)hoxane 1 C diol 
4 4' LihvdroTydibcnzylidencacctone 
1 Nnphthol 


10 mg 9 

100 7 

>100 0 

100 6 

100 2 

>10 1 

>10 8 

>10 0 

>100 11 

>100 7 


26 

n 

20 

10 

4 

3 

20 

1 

16 


46 

23 

34 

23 

11 

9 

40 

11 

19 

25 


Table 1 shows that there is no systematic corre 
lation between ocstrogemc and mlubitory powers It 
IS true that the potent oestrogens stilboestrol, 
hoxoestrol nnd dienoestrol strongh inhibit suc- 
cinoxidnso, but racemic wohexoestrol, w hose oestro 
gcnic potenev is obout 1/6000 that of mcsohoxoestrol, 
'' cxiubits onh shghth less uvhibit-ory capacitv The 
sodium nnd potnssuun salts of the sulphates, phos- 
phnios nnd cnrbox\inethoxy denvatnes (so called 
owncofatos or substituted glvcoUio acids) possess 


which are among the most powerful synthetic oestro- 
gens known, and yet exert virtually no inhibition 
upon the suocmoxidase system Compounds which 
exert powerful inhibition of succmoxidase, hut pos- 
sess low oestrogemcactivity.mclude 4 4' dihydroxy- 
stilbene, the two benzyhdeneacetophenones, 4 tert 
amvlphenol, 4 4'-dihydroxytnphenylmethan0, 3- 
phenvl-3 (4' hydroxyphenyl) 2 4-dunethylpentano, 
2 phenyl.2-(4'-hydroxyphenyl)propane and 2 - 
phenylphenol 
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The effect of oeslrogens on the metaholism of 
tissue slices and strips 

There is no great effect of this group of substances 
on the respiratory rate of sliced or mtact tissues 
Fig 1 shows a shght stunulatmg effect of hexoestrol 
and wohexoestrol upon the respiration of hver slices 
in the absence of added succinate, when succinate 
18 present as substrate, however, the effect is 
abolished Inhibitory effects similar to those 
observed with homogenized tissue were not seen 



Fig 1 Effect of oestrogens on metabobsm of rat-hver 
shoes Lower three curves, no suoomate, upper three 
curves, succinate present A, no oestrogen, B, hexoestrol 
lO"*!!, C, isohexoestrol lO"*!! (Succinate + wohexoestrol 
record does not extend beyond 30 nun owing to expen 
mental mishap ) 

Smce oestrogemc hormones in mvo have a pro 
nounced effect on the uterus and vagma, it was of 
mterest to examme the in mtro effect on these organs 
The tissues were dissected from freshly killed 
ovanectomized rats m dioestrus, and were mtro- 
duced mto the Warburg flasks with no treatment 
beyond bemg opened up with scissors so that their 
eptire surfaces were freely accessible to the hquid 
m the vessels The was measured m the usual 
way, usmg succmate as added substrate, but no 
significant differences were detectable between the 
controls and the systems contammg oestrogen 
(dienoestrol) 


' Effect of oeslrogens on the metabolism 
of homogenates 

These mliibitors might conceivably act by stunu 
latmg the oxidative formation from malate of oxalo 
acetate, which powerfully inhibits succmic dehydro 
genase , and it lias been shown by Swmgle, Axelrod 
& Elvehjem (1942) that the probable function of 
Ca ions in acceleratmg the oxidation of succmate 
(whence their mclusion m the reaction mixtures 
employed m the work described m this paper) is that 
of assisting m the enzyimc destruction of coenzyme 
1, the latter bemg essential for the formation of 
oxaloacetate Oxaloacetate may also he removed by 
transammation with glutamate, yieldmg a keto 
glutarate and aspartate, and Swmgle et al (1942) 
found that glutamate reverses the inliibition of the 
succmoxidase system caused by oxaloacetate, and 
stimulates the succinoxidase system to an extent 
comparable with the effect of calcium An expen 
ment was earned out to test the effect of n glutamate 
(Table 2), but no evidence was obtamed that its 
presence affected m any way the inhibition produced 
by stilboestrol 

MeShan & Meyer (1946) considered that the locus 
of the inhibition was the cytochrome oxidase com- 
ponent of the succmoxidase system, smce they 
found that a concentration of oestrogen which m- 
hibited the complete succmoxidase system to a pro- 
nounced degree had only a feeble effect upon succmic 
dehydrogenase, whereas cytochrome oxidase was 
markedly affected Usmg IO-^m stdboestrol, their 
figures show an average mlubition of 76 % for suc- 
cmoxidase, 62% for cytochrome oxidase, and 11 % 
for succmic dehydrogenase This evidence for at- 
tributmg to stdboestrol an exclusive effect upon 
cytochrome oxidase is not entirely convmcmg , and 
our own values are even less so, mdicatmg m general 
a distmctly higher figure, m the region of 30 % , for 
the inhibition of the dehydrogenase 

In order to mvestigate this matter further, and 
especially to ascertam whether the mechanism of 
mterference with the succmoxidase system by these 
inhibitors is the same irrespective of them oestro- 
gemc potency, we selected from the compounds 
listed m Table 1 a few showmg marked inhibitory 
power but feeble oestrogemoity, and studied their 
effects upon the three systems, succmoxidase, 
cytochrome oxidase and succmic dehydrogenase 


Table 2 Influence of glutamate on the inhibition of succmoxidase due to stilboestrol 

/ 

(Ca'^ and Al' ' ’ omitted from reaction nuxtnrea Concentration of stdboestrol 10 ~‘m, of i^glutamate 6 x ) 



Control 

Stdboestrol 

Glutamate 

Stdboestrol -f 
glntamate 

Qoa 

63 3 

18 6 

63 9 

17 0 

Inhibition due to stilboestrol (%) 

— 

71 

— 

74 
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The following were chosen 2 phenylphenol, 4 4'- 
dihydxo^yHtilbene, l(4'-hydro^henyl) 2 phenyl- 
etlianjB and 4 hydroxybenzylidenencetophenone 
The first two m 10“* m concentration and the second 
two in 2 X 10~* M concentration inhibit sucoinosidase 
in hver homogenates by 60-100 % Stilboestrol was 
also included as a representative of the class of 
strong inhibitors which are powerfully oestrogemo 
The results summarized m Table 3 were all obtained 
with the same preparation of rat hver homogenate 


may preponderate over that of the latter, and vice 
versa But one compound, 4 4' dihydroxystilbene, 
stands out os of peculiar mterest m that, wlule 
second only to stilboestrol m its abihty to inhibit 
the oxidation of succinate by the complete system, 
it has no effeot upon suocmio dehydrogenase and 
virtually none upon cytochrome oxidase Further 
experiments showed that, even m a concentration 
which almost completely abolished the overall 
oxidation of succinate, the cytochrome oxidase and 


Table 3 Differential tnhtbtiton of components of the succimc oxidase system ' 

Percentage inhibition of enzyme system 
(caTouIated on first 40 mm ) 

' , 


Inhibitor (m) 

Stilboestrol (10~*) 

4 4' Dibydrosystilbene (10~*) 

2 Phenylphenol (10"^) 

4-HydroxybenzyhdeneacetophQnone (2 x 10~^) 

1(4' Hydroxyphenyl) 2 phenylethnne (2 x 10“*) 

It IS apparent that the inhibition of sucomoxidase 
activity cannot be explained adequately m terms of 



Pig 2 Effeot of 4.4' dibydroxystilbene (2 x 10 ~*m) upon 
cytochrome oxidase (upper pair of contmuooa curves), 
Buccmio dehydrogenase (lower pair of continuous curves) 
and the complete sucomoxidase system (disoontmuous 
curves) Minus sign, without inhibitor, plus sign, with 
inhibitor The ordmates mdicated on the nght-hand side 
apply to cytochrome oxidase only Inhibitions (%) 
snccinoxidase, 93, sucomio dehydrogenase, 7, cytochrome 
oxidase, 2 

that of either cytochrome oxidase or succimc de 
bjdrogenase, furthermore, inhibition of the former 


Complete 

snoomoxidase Snccmio Cytochrome 

system dehydrogenase ondaso 

86 33 67 

78 0 3 

61 29 0 

66 47 10 

61 43 48 


the succimc dehydrogenase were practically un- 
affected by this substance (Fig 2) It is clear that 
the mechanism of inhibition mvolves some factor or 
stage additional to those yet considered 

It was noticed that when oytoohrome c was added 
to the buffered flask contents containmg 4 4' di 
hydroxystilbene, pnor to the mtroduotion of the 
enzyme prepeuation, a change of colour suggestive of 
partial reduction of the cytochrome took place with 
m a few mmutes This was confirmed by the appear- 
ance of the absorption bands of reduced cytochrome 
c (though not m great mtensity) under these con- 
ditions If the inhibition of succmoxidase produced 
by the stdbene denvative depends upon the partial 
destruction or immobdization of cytochrome, it 
should be reversed by large mcreases m the amount 
of cytochrome available The experiment recorded 
m Fig 3 was corned out to test this posaibdity The 
lowest concentration of cytoclirome c employed here, 
VIZ 3 X 18 Bufiioient to saturate the succimc 

oxidase system with this component At a concen- 
tration of 4 4' dibydroxyrstilbene givmg a con 
venient degree of partial mhibition, there were no 
significant differences m the oxygen uptake with a 
two or five fold morease m cytochrome concen 
tration 

Further observations mdicate that the inhibitors 
may affect either the reduction or the reoxidation of 
cytochrome c In controls without oestrogen, the 
cytochrome c at the end of an experiment is idways 
m the oxidized state, it becomes reduced m a few 
mmutes on standmg and can be reoxidized by 
shaking with air The process is fiaely reversible If 
complete or nearly complete inhibition of sucem- 
oxidase has been caused by stilboestrol, hexoestrol. 
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■tsohexoestirol or dienoestrol, the cytochrome c is 
seen to be irreversibly reduced If only partial in- 
hibition has been produced by one of these com 
pounds the cytochrome is oxidized at the end of an 
experiment and becomes reduced on standmg, as in. 
the controls, but at a slower rate depending upon the 
concentration of oestrogen Thus, while mcreasmg 
concentrations of oestrogen progressively retard the 
reduction of cytochrome c, once this has been accom- 
plished the oestrogen, if m high enough concen 
tration, has the opposite effect of completely pre 
ventmg its reoxidation Clearly, therefore, more 
factors than one are affected by these compoimds 
and the situation is more complex than McShan & 
Meyer’s (1946) explanation would imply 



Fig 3 Effect of varying concentration of cytochrome c 
upon the inhibition of succmoxidaae produced by 
6 X 10“*M 4 4' dihydroxystilbene Cytochrome concen- 
tration A, 3x10~'‘m, B, 0x1O'‘m, 0, 16x10“*m 
Upper group of curves no inhibitor Lower group of 
curves inhibitor present 

The behaviour of 4 4'-dihydroxystilben6 is 
differeht This completely inhibits m about the 
same concentration as does stdboestrol, but m such 
cases the cytochrome c m the reaction mixtures is 
mvanably m the completely oxidized state, and can 
not be reduced by prolonged standmg or anaerobic ' 
conditions Smce it has been shown that the sue 
cmio dehydrogenase is ummpaued it follows that 
some factor which links that enzyme to cytochrome 
c has been put out of action 

DISCUSSION 

The hypothesis origmally put forward by McShan & 
Meyer (1946), that a relatively simple and specific ' 
biochemical property, that of mhibitmg a toown 
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enzyme, could be ascribed to all oestrogenic sub 
stances, has been shown to be fallacious On the one 
hand, there are oestrogens which do not inhibit 
succmoxidase , and on the other, compounds 
struoturally closely alhed, but, nevertheless, non 
oestrogemc or nearly so, which mhibit it strongly 
As already mentioned, McShan etal (1947) have also 
come to this conclusion They too encountered 
shghtly oestrogemc and non oestrogemc substances 
which were highly effective mhibitors, although, 
because they studied a rather limited senes of 
oestrogens, they did not demonstrate the converse 
The fact that they found such substances as thyroxme 
and hydroqumone to be inhibitors strengthened 
their opmion that the presence of phenohc groups m 
the molecule is associated with the property m 
question This is probably so, although our results 
(Table 1) do not support the imphcation of the 
Amencan authors that the number of phenolic 
groups m the molecule bears a direct relation to the 
abihty to inhibit succmoxidase 

We cannot yet explam the absence of inhibitory 
effect of oestrogens on tissue shces and strips, but 
considerations of permeabihty of mtaot cells or pre 
cipitation, destruction or mactivation of the oestro 
gen by the tissue might all be mvolved The appear- 
ance of the hver shoes after an experiment was 
sometimes suggestive of a layer of insoluble material 
There is evidence m the hterature that oestrogens ' 
are mactivated by hver vn vivo and tn vitro For 
example, Heller (1940) demonstrated oxidative m- 
activation of natural oestrogens by hver shces, 
Zondek, Suhnan & Sklow (1943) extended this 
observation to stilboestrol, and Zimmerberg (1946) 
reported that stilboestrol could be mactivated either 
by conjugation or oxidation Levy (1947) produced 
evidence that cytochrome c and cytochrome oxidase 
are imphcated m the mactivation of oestradiol by 
hver 

The mam mterest of the ,work that we have 
reported hes m the question of the precise pomt or 
pomts of attack at which the inhibitors prevent the 
succmoxidasB system m homogenates from funotion- 
mg normally Many of them apparently mterfere 
with more than one stage of the enzyme complex, 
but the existence of a factor hnking succimc de- 
hydrogenase to cytochrome c is indicated by the 
inhibition exerted specifically at that pomt by 4 4'- 
dihydroxystilbeno Such a suggestion of course has 
been made frequently dunng the past decade, and 
there is httle doubt that the classification of succimc 
dehydrogenase as a ‘cytochrome reducmg dehydro 
genase’ (Green & Brosteaux, 1936) is hardly valid 
without modification Hopkins, Lutwak-Mann & 
Morgan (1939) and Stem & Melmck (1939) mdicated 
the probable necessity to postulate a factor able to 
link succmic dehydrogenase to the cytochrome 
system Drxon<SqZerfas (1939)putforwardaamiilar 
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claim for yeast lactic dehydrogenase, another 
called ‘ cytochrome reducing ’ enzyme , Bach, Dixon 
& Zerfas (1946) adduced further evidence that a now 
factor designated as cytochrome 6. forms on essential 
part of this enzyme system, and gave reasons for> 
believmg that an additional factor is necessary to 
gear it to cytochrome c Kedm & Hartree (1940) 
referred to the possible existence of an mtermediate 
factor m mammahan sucomoxidase, while not ex 
cludmg the view that mtegnty of colloidal structures 
might he the consideration mvolved Elhott (1040) 
beheved that a succmosadase inhibitor which he 
extracted from tumours and other tissues, and re 
garded as a proteolytic enzyme, acted upon some 
entity additional to sucouuc dehydrogenase and 
cytochrome oxidase Straub (1941) was able to 
sever the linkage between the dehydrogenase and 
the cytochrome system, and then to remedy the 
deficiency by means of a heart preparation, thereby 
reconstituting the whole succmoxidaee system More 
recently, Stoppani (1947) has shown that a soluble 
factor can he obtamed from hver which is able to 
hnksuccmic dehydrogenase with cytochrome c One 
of the most mterestmg contributions m relation to 
the work described m the present paper is that of 
Ball, Anfinsen & Cooper (1947), who studied the 
inhibition of a succmoxidase preparation from heart 
muscle by a senes of 2 hydroxy 3 alkyinaphtho 
quinones These proved to be extremely potent m 
hibitors of succmoxidase at even lower concentra 
tions than those requisite with our inhibitors, and 
were without action upon cytochrome oxidase 
However, sucouuc dehydrogenase, though not the 
sole or mam seat of the effect, was considerably 
inhibited when functionmg with methylene blue, so 
that although the naphthoqumones used by Ball el 


al (1947) are imdemably highly useful tools for the 
elucidation of the sequence of events m succmate 
oxidation, it may be that 4 4' ddiydroxystilbene, 
and possibly other compounds of the same type, are 
capable of yieldmg clearer results by virtue of their 
narrower specificity Very recently Slater (1948) has 
published a prelurunary report of evidence, based on 
a study of the inhibition of succmoxidase by 2 3 
dimercaptopropanol (BAL), which leads to con- 
clusions substantially identical ivith those expressed 
here 

SUMMARY 

1 The oestrogemopotency of synthetic oestrogens 
is not correlated with their efficacy os inhibitors of 
the succmoxidase system of rat hver Some powerful 
oestrogens have httle or no inhibitory capacity, and 
the converse is true of many compounds closely 
related cKermcaUy to the oestrogens 

2 The pomt m the array of respiratory enzymes 
at which the inhibition takes effect vanes from one 
compound to another The relative extents-to which 
succmic dehydrogenase and cytochrome c oxidase 
are inhibited are not the some for different sub 
stances 

3 4 4'-Dihydroxystilb6n6, which possesses low 
oestrogenic activity, is especially noteworthy be 
cause it exerts a powerful inhibitory effect upon the 
succmoxidase system which is not due to mter 
ference either with succmic dehydrogenase or with 
cytochrome oxidase The substance is hkely, there- 
fore, to be valuable m the further mvestigation of 
the respuatory enzyme complex 

4 Further evidence is adduced m favour of the 
h5q3othesiB that the succmoxidase system mvolves 
lutherto uncharacterized factors 
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The Apparent Arginine Content of Human Plasma Proteins 
by the Sakaguchi Reaction 

By J W KEYSER,* Postgraduate Medical School, Lon^n, W 12 
{Received 19 March 1948) 


The Sakaguchi (1926) reaction consists m the forma 
tion of an unstable red compound on treatment of 
a protem with sodium hydroxide, a naphthol and 
sodium hypochlorite It is given by certam guam- 
dme derivatives, notably argmme Sakaguchi found 
that the mtensities of the colours developed by 
serum albumin and globulin were approximately 
equal under the conditions he employed, but no 
conclusions could be drawn as to the actual argmme 
content of these unliydrolyzed proteins, smee some 
protems known to contam very httle argimne gave 
a relatively stronger reaction, weight for weight, 
than others rich m the ammo acid A modification 
of the reaction was apphed quantitatively to protem 
hydrolysates by Weber (1930), who substituted 
sodium hypobromite for hypochlorite and stabdized 
the colour by addmg urea Weber also observed 
that the colorunetnc determmation of argmme m 
unliydrolyzed protems was not possible, smee the 
colour values found were much less than would be 
expected from the actual ar gmm e content (cf also 
Calvery, 1946) A modification of Weber’s hypo 
bromite method was apphed to protem hydrolysates 
by Jorpes & 'Thor^n (1932), who found that the 
apparent argmme content decreases Imearly with 
mcrease m the am ount of argmme used for analysis 
extrapolation to zero concentration would thus be 
es^ected to give a close approximation to the true 
argmme value XJsmg this techmque, which is stated 
to give results m satisfactory agreement with those 
obtamed by isolation of the ammo-acid as the mono- 
and di-flavianates. Brand and his co-workers (Brand 

6 Kassell, 1942, Brand, KasseU & Saidel, 1944, see 
also Brand & EdsaU, 1947) foimd the foUowmg 
values for the arginine content of human plasma 
protems (m g /lOO g of protem) albumm 6 2, 
•y-globulm 4 8, |3-globuhn 6 8, a globuhn 7 7, fibnn 

7 9 Other workers found somewhat lower values by 
the apphcation of isolation procedures (Block, 1938), 
e g 6 3% for albumm and 4 7 % for globuhn (MumU, 
Block & Newburgh, 1940) 

The present mvestigation was undertaken as a 
result of the recent pubhcation by Albanese and his 
co-workers (Albanese & Frankston, 1946, Albanese, 
Irby & Saur, 1946, Albanese, Saur & Irby, 1947) of 
a modification of the Sakaguchi reaction which they 
used for the estimation of unhydrolyzed plasma 

* Present address Welsh. National School of Medicine, 
CardiS 


protems They claimed that when alkahne solutions 
of plasma protems were submitted to this modified 
Sakaguchi reaction and compared with an argmme 
standard, values were obtamed which, when multi- 
phed by a factor, gave figures closely approxrmatmg 
to those obtamed by the micro Kjeldalil method 
The present findmgs with plasma protems differ 
from those of Albanese and his colleagues m several 
respects 

METHODS 

The Albanese method consists m taking a 1 mL sample, 
containmg about 3 mg of protem m 2 6 n NaOH, adding 

5 ml of water and 1 ml of a naphthol (0 1 % m 95 %, 
ethanol) with vigorous mixing, and allowmg to stand for 

6 mm , then adding 1 ml of 0 06 x NaOCl and, exactly 
1 min later, 2 ml of 20% (w/v) urea, and finally reading 
m a photoeleotnc colonmoter after 6 mm A standard 
argmme solution is similarly treated For the differential 
estimation of the plasma protems the Na,SOt ether 
techmque of Bongsley (1940) is used Albanese took a 
sample of the NajS 04 solution for the ‘alb umm *, and for 
the ‘globuhn’ determmation he dissolved the globuhn disk 
m NaOH and tested a sample 

Carrying out the test, as desenbed by Albanese, a pro 
portionahty of colour over the normal range of plasma 
protem values was not obtamed until the hypochlorite 
concentration was mcreaaed from 0 06 to 0 16 n f Even 
with this concentration, however, there is a slight faUing off 
m proportionahty above the upper hrmts of the normal 
range of plasma protem values It is worth remarkmg that 
Albanese employed a commercial preparation known as 
‘Cloroi’, which might possibly have contamed activators 
of some sort We used British Drug Houses Ltd NaOCl 
solution (A dilution of ‘Milton’ gave si mi l ar results ) In 
determining how closely the colour developed was corre 
lated with the N content, we modified the procedure 
shghtly, so as to allow of more precision by avoiding the 
cumulative error mvolved m pipettmg To the I ml sample 
of protem m NaOH (m a 10 ml volumetric flask), 4 6 ml 
of water were added, followed by the other reagents and 
water to a final volume of 10 ml The extmotion was 
measured with a Hilger Spekker absorptiometer, with Ilford 
colour filter 604 (^ectrum green) As colour development 
is influenced by temperature, all tests were earned out m 
a water bath at 22° 

For total proteins, 0 6 ml of plasma was mixed with 
6 mL of water and the proteins precipitated by the addition 
of 6 ml of 20 %(w/v)tnchloroacetioaoid. After 16 mm the 
protems were spun down and the tube mverted and dramed 

•}■ Dr G M. BuU, workmg mdependently m this School, 
also found it necessary to mcrease the NaOCl concen 
Iration. 
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The protein was then dissolved in 10 ml of 2 6 n NaOH 
at room temperature (N o significant am onnt of NH, is lost 
under these conditions ) 

Tor the differential protem estunalion, 1 ml of plasma 
was added to 16 ml of 23% (w/v) Na^O*, and the mistnro 
shaken vigorously with 0 ml of ether for 2 nun On contn 
fuging, the ‘globulm’ collects as n disk at the junction of 
the water and ether layers The aqueous (‘albnmm’) layer 
■was decanted, by careful decantation the ‘globulin’ disk 
could be made to adhere to the side of the tube After 
d rainin g, the ‘globulm’ 'was thoroughly ■washed •with 10% 
tnchloroacetio acid, centrifuged, and finally dissolved m 
2 6ir NaOH (usually 10 ml ) 


A portion of the ‘olbumm’ filtrate ivns muted "with 
trichloroacetic acid and the precipitate spun down After 
decanting the supernatant hqmd and draining, the ‘albu 
min’ was washed ■with trichloroacetic acid and agam spun 
and dramed. FmaUy it ■was dissolved in 10 ml of 2 6^ 
NaOH 

In some cases the total protein, ‘ olbumm’ and ‘ globulm’ 
were precipitated not ivith tnchloroacetio acid but ■with 
molybdio acid which gave a sharper precipitation 
The washing of the ‘ albnmm ’ and ‘ globulm ’ was necessary 
to remove NajS04, which was found to enhance the colour 
produced under the conditions of the test Thus, ,the 
addition of 1 ml of 23% NojSOi moreased the extmction 


Table 1 Colours produced by the SaLagueJn reaction with {total) plasma proteins 


Specimen 

Diagnosis 

Drum 

reading 

(E) 

Plasma protem 
(N X 6 26) 

(g /lOO ml ) 

Protem 
m test 
(mg) 

Specific 

extmction 

coefficient 

Ed 

Uraemia 

0 586 

6 65 

3 276 

0 1790 

Ba 

Hyperthyroidism 

0 682 

6 71 

3 366 

0 1732 

Ru 

Gastno nicer 

0 639 

6 07 

3 035 

01776 

Bu 

Sprue 

0 409 

4 65 

2 276 

0 1798 

Sp 

Pneumonia and chrome nephritis 

0-600 

6 80 

3 400 

0 1766 

Ho 

Addison’s disease 

0 620 

7 12 

3 660 

0 1742 

Ju 

Haematemesis 

0 614 

6 87 

3 436 

01787 

Ca 

Myxoedema 

0 684 

6 71 

3 366 

0 1741 

Sp 

Lung abscess and chrome nephritis 

0 688 

6 75 

3 376 

0 1743 

Bu 

Sprue 

0 470 

626 

2 626 

01700 

St 

Acute mtestmal obstruction 

0 619 

7 04 

3 620 

‘ 0 1769 

TFt 

Rheumatoid arthntis 

0 623 

7 19 

3 695 

0 1733 

Sp 

Lung abscess and chrome nophntis 

0 636 

7 21 

3 605 

01762 

Ed 

Uraemia 

0 674 

6 41 

3 205 

0 1791 

Go 

Hypertension 

0 492 

6 64 

2 820 

0 1744 

Gr 

General paralysis of the insane 

0 627 

6 09 

3 046 

0 1731 

Sp 

Lung abscess and chrome nephritis 

0 693 

6 78 

3 390 

0 1760 

Ke 

Normal 

0 690 

683 

3 426 

0 1724 

Ab 

Normal 

0 614 

7 20 

3 600 

0 1705 

Va 

Normal 

0 630 

724 

3 620 

0 1740 

Ma 

Normal 

0 680 

664 

3 320 

0 1747 


Standard deviation 0 0016, coeffiaent of ■vanation 0 9, 

Av 0 1765 

ihaximum deviation firom average 2 9% 


Table 2 Colours produced by the Sakaguchi reaction with plasma ‘ albumin ’ and ‘ globulin ’ 


Specimen 
Ea 
' Gr 

Br 

Ta 

Key 

Oi 

Ab 

Va 

Ma 

Kem 

Ut 

Ur 


Specific extmction coefficients 


Diagnosis 


‘Albumm’/ 

‘globulm’ 

ratio ‘Albumm’ 


Ptosis 1 67 

General paralysis of the H 73 
msane 

Ulcerative cohtis 0 67 

Hodgkm’s disease (1) 102 

Normal 1 43 

Rheumatoid arthritis 1 00 

Normal 1 42 

Normal 1 47 

Normal 0 95 

Hypertension 1 36 

Uraemia and alkalosis 1 16 

Normal 1 93 

Av 

s D 


Coefficient of vanation 

Max de-viation firom average (%) 


01680 
0 1658 

01612 
0 1684 
0 1664 
01668 
01624 
0 1771 
0-1726 
01710 
01650 
01877 

0 1651 
0 0067 
41 

73 


Total 


‘ Globulm’ 

Calc 

Found 

01868 

0 1830 

01688 

0 1720 

01731 

01838 

0 1830 
0-1868 
01846 
01838 

0 1744 

0 1738 

0 1880 
01808 

0 1840 

0 1766 
01706 

0 1744 
01768 

0 1713 
01760 
01732 
01772 
/ 0 1670 

01730 

01724 

0 1705 
01740 
01747 

0 1826 

0 0030 

16 

49 

01729 

0 0033 

1 9 

34 

01727 

0 0017 
10 

1 0 
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coefficient by about 8%, whether 0 16 or 0 06 n NaOCl 
was used, a blank test containing NajS 04 being earned out 
at the same tune 

In each determination, 1 roL of the NaOH solutions of 
total protem, ‘albumin’ and ‘globubn’ was taken for the 
colour test, and 3 mL for the micro ^Kjeldahl 
The result was recorded as a specific extmction coefficient, 
1 e the extmction coefficient corresponding to 1 mg of pro 
tern (N X 6 26) m the 10 mL of test solution, m a 1 cm cell 

reading with 1 cm ceUX 
mg protem m test / 

The specific extmction coefficient is thus a measure of 
the ratio of the apparent argmme content to the total 
mtrogen 

RESULTS 

Table 1 shows the results obtained for total proteins 
m 21 specimens from 10 cases, mcludmg 4 normals 
Table 2 shows the results obtamed for ‘albumin’ 
and ‘glob ulin ’ It will be seen that the sjieoific 
extmction coefficients m aU but two cases were 
different for ‘ albumin ’ and ‘ globuhn and also that 
the coefficient for total proteins appears to be the 
resultant of those for ‘ albumm ’ and ‘ globuhn ’ (The 
two cases havmg the same coefficient for ‘ albumm ’ 
as for ' globuhn ’ were both Indians one had alwajm 
been on a vegetarian diet, and the other had been 
on such a diet until a year previously, though 
whether this is of any significance is not known ) 

DISCUSSION 

These results do not confirm those of Albanese and 
his co-workers, who found that the same factor for 
the conversion of argmme to total protem, namely 
19 2, was apphcable to ‘albumm’ and ‘globulm’ as 
well This factor is based on figures for the eirgmme 
content of body proteins giVen by Block & Bolling 
(1946) , but m fact the figures given by those authors 
do not appear to justify the adoption of this factor 
for albumm and globuhn 

The results given above, on the other hand, appear 
to be more m keepmg with the figures of Brand £md 
his colleagues, accordmg to which the argmme con- 
tent of the ‘ globuhn ’ fractions, calculated from that 
of the electrophoretic a , )3 'and y globuhn com- 
ponents of plasma and them relative proportions, is 
higher than that of ‘albumm’ In one case, the 
specific extmction coefficient for fibrm measured by 
the present author gave a value of 0 2220 This also 
IS m agreement with Brand’s figures, which show 
a considerably higher argmme content for fibrm than 
for the other protem fractions ^ 

It must be emphasized that the specific extmction 
coefficient, as defined above, depends not only on the 
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‘argmme’ but also on the nitrogen content of the 
protem, which, accordmg to Cook (1946), is some 
what lower for ‘globuhn’ than for ‘albumm’ If it 
be assumed that the argmme content of serum 
albumm is the same as that of globuhn, then the 
specific extmction coefficients for these fractions 
would be expected to be m inverse ratio to their 
relative mtrogen contents, 1 e 

% N of albumm 16 4 
% N of globulm 14 3 

The ratio (‘globuhn ’/‘albumm’) of the average 
speeffie extmction coefficients found by us is 
0 1826/0 1661 = 1 106 The ratio of the argmme con- 
tent of (electrophoretic) globuhn and albumm ac- 
cordmg to Brand’s figures is 1 06 

These results appear to suggest that the colour 
mtensity developed under the conditions employed 
IS proportional to argmme content even m un 
hydrolyzed proteins , but it is deemed advisable to 
refer to ‘apparent argmme’ content as the matter 
cannot be regarded as settled In view of Brand’s 
figures, and those reported here, the claims for an 
identical argmme mtrogen ratio for albumm and 
globuhn cannot be accepted 

In view of the weU-marked effect of sodium sul- 
phate on colour development, and the possibihty of 
other substances also mterferingj it is evident that 
this reaction should not be apphed uncritically to the 
determmation of argmme m biological flmds 

SIBEMARY 

1 The techmque of Albanese & Frankston (1946) 
for the determmation of plasma proteins by a 
modified Sakaguchi reaction gave a proportionality 
of colour over the normal range of values only when 
the hypochlorite concentration was mcreased to 
0 16 n 

2 A ‘specific extmction coefficient’ (measure of 
ratio of apparent argmme to total N) has been 
measured for total plasma proteins m 21 specimens 
from 16 cases 

3 In 10 out of 12 cases m which sodium sulphate- 
separated ‘albumm’ and ‘globuhn’ were separately 
exammed, the specific extmction coefficient for 
‘ globuhn ’ was, on the average, 1 3 % higher than that 
for ‘albumm’ 

4 BothwithO 06Kandwith0 16NSodiumhypo 
chlorite, the presence of sodium sulphate led to a 
large mcreiise m the amount of colour developed 

I wiBh. to thank Prof E J King, at whose suggestion this 
work was done, for his constant help and advice , Dr I D P 
Wootton for help with the statistical calculations, and the 
volunteers who contributed hlood 
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Axnmo-acid Metabolism of Tissue Cells in vitro 

By a FISCHER, Bwlogical InstUtUe of the Carlsberg Foundation, Copenhagen 

{Received 19 March 1948) 


Ever since the negative results of the investigations 
by Burrows & Neymann (1917), Carrel & Ebehng 
(1924) and Baker & Carrel (1926, 1928) the ammo 
acids have been regarded as bemg able neither to 
prolong the hfe of cells nor to accelerate cell growth 
m tissue cultures However, m these mvestigations 
normal culture media were used and such media 
already contain the necessary ammo acids This 
pomt was realized by the present author, and a 
technique was devised (Fisoher, 1941) whereby the 
compounds of the culture medium were dialyzed 
against a Rmger’s solution contammg glucose It 
was found that the dialyzed culture medium was 
completely unable to mamtam the life of the cells — 
they died and dismtegrated withm 24 hr With this 
dialyzed medium as a basis it became possible to 
make a ss^stematic analysis of the effect of substances 
of low molecular weight on the mamtenance of cells 
grown tn- vitro 

A study was then made of the effect of an ammo 
acid mixture composed of rune ammo acids m the 
same relative proportions as found by Bergmarm & 
Niemann (1936) m fibrm (Table I) It was found 
that cystine pla 5 rs a very important part Without 
oystme, the remammg ammo acids are no longer 
able to save the calls from rapid dismtegration 
■mthm 24 lir It was also observed that m the 
cultures of myoblasts and osteoblasts cystme cannot 
bo replaced by methiomne, though metluonme is an 
essential acid for the organism as a whole whilst 
cystme is not Moreover, both lysme and glutamic 
acid were found to be of great importance to the 
cells Obviously, the ammo acids required by the 
whole organism are not the same as those necessary 


to a pure culture of tissue cells For example, 
glutaimo aoid is essential to myoblasts, but not to the 
organism as a whole Our techmque of 7 years ago 
has smce been improved, and the present paper 
presents some of the results obtamed 

e'xperemental 

The tissue cells m the present experunents belonged to 
a pure strain of myoblasts from a 9 day-old chicken 
embryo Thet mdividnal cultures were divided into two 
halves, one serving as control m the medium described 
below, the other as the experimental culture, m the same 
medium, but with the Bu)istance under mvestigation At 
intervals durmg growth, drawings of the tissue cultures 
were made by means of an Edmger projector which magifl 
fied twenty tunes The area of each drawing was measured 
by meana of a planimeter and the results are given in 
Figs 1-14, expressed as ratios according to the formula 
{B-A)IA, where A=initial area and B=growth area 
(Fischer, 1925) ^ 

The medium consisted of 0 5 ml dialyzed chicken 
plasma, 1 ml Tyrode’s solution and 0-1 ml of the mixture 
called the basio nutrient (Table 1) Coagulation was pro 
duced by adding 1 drop of dialyzed embryo jmce I^en 
coagulated, a hquid phase was mtroduced by adding 0 5 ml 
dialyzed scrum and 0 1 mk of the basic nutrient Carrel 
flasks type D 3 were used The pH of the mixture was 
adjusted by introducing mto the flask a gas composed of 
8% COj, 12% Nj and 80% 0* The flasks were sealed with 
sterile rubber stoppers 

The basic nutnent mentioned-(Table 1) was designed by 
G EhrenBv5rd, and is a mixture of substances known 
empirically to be important to the whole organism It 
contains three mam groups of substances, the first group 
consists of salts including salts of heavy metals and orgamc 
phosphates which can function as phosphorylatmg agents. 
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Table 1 Bamc nutrient of bwlogically active 
substances tested in tissue cultures 

(Mg of substances contained in 1 1 solution.) 


Naa 7500 

KCl 200 

CaQi 200 

Mga, 100 

Na 5 lII ‘04 60 

NaHCOj 1000 

FeCHj 0 6 

Cura, 0 2 

MnClj 0 3 

ZnCl, 1 0 

Goal 0 01 

Glucose 800 

Mannose 100 

Galaetose 100 

Inositol 20 

Adenosine tnphosphate 200 

Pructosediphosphate 100 

fi Glycerophosphate 100 

Inosmio acid 30 

Cozymase 6 

Anennn 3 

Riboflavine 0 2 

P^doxin 0 3 

Lysine dibydrochlonde 16 1 

Arginine monohydro chlonde 7 7 

Tr^tophan 6 

Methionme 2 6 

Histidme monohydrochlonde 3 1 

Glutamic acid 14 1 

Aspartic acid 6 9 

Prohne 6 1 

Cystme 1 5 

DL Methionme 6 

Chohne (as hydrochloride) 10 

Creatme 10 

Nicotmic acid 0 3 

Glutathione 6 

Pantothenic acid 0 07 

Biotm 0 007 

p Anunobenzoio acid 1 

Hypoxanthme 100 

Sodium succmate 10 

Sodium fumarate 10 

Sodium malate 10 

Sodium oxaloacetate 10 

Ascorbic acid 2 

Methylnaphthohydroqumone sulphate 0 006 
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another group comprises the ammo acids, substances acting 
as methyl donors or providing SH groups, and finall y a 
third group containmg the vanous vitanuns, cholme, 
creatme and the C 4 acids (functioning m the Krebs cycle) 
This basic nutrient is so designed that it is easy to e limin ate 
any part of it and replace it by another 

RESULTS 

Importance of ammo acids as a group 

The first and fundamental experiment mvolved the 
question of the general importance of the ammo- 
acids m connexion with the mamtenance and growth 
of tissue cells It was found, as one would expect, 
that if no ammo acids are present m the basic 
nutrient the cells die and dismtegrate rapidly 
(Table 2) To be sure, there is a very shght growth 
on the first day, but that is due to residual amounts 
of ammo acids m the tissue itself at the tune of 
transfer to the dialyzed, mcomplete medium The 
importance of the mdividual a min o acids could now, 
as mentioned above, be studied by omitting the 
ammo acid m question from the mixture 

Deficiencies of single amino-acids 

Cystine The absence of cystme and methionme 
m animal nutrition leads to death m a comparatively 
short tune but, smce the myoblasts are unable to 
utilize methionme m place of cystme, the with 
drawal of this ammo-acid from our medium has no 
effect on the growth of the cells Cystme forms 
a structural constituent of the protems of the cell 
Fig 1 and Table 3 show that the control culture m 
the medium contammg the whole of the basic diet 
grows normally, whereas the experimental culture, 
with no cystme m the medium, does not grow at aU 
This confirms our earher findmgs (Fischer, 1941) as 
to the basic significance of cystme It was also 
found that methionme, m the absence of cystme, is 
insufficient (Fig 1) When C3^tme was added to the 
deficient medium, the ceUs not only survived, but 
showed a small but de fini te mcrease m mass, and 
the cells had a normal appearance 

Cystme can, however, be replaced by glutathione 
(Fig 2) It IS beheved that m addition to bemg of 


Table 2 Comparison of growth of myoblasts on the basic nutrient with and without amino-acids ' 


Exp no 

Days 

Superficial growth in 
mediuin with ammo 
acidB (mm •) 

Superficial growth m 
medium without 
ammo acids (mm *) 

Ratio of area of 
growth with and 
without ammo acids 

18213-14 

7 

856 

86 

99 

18216-16 

7 

1267 

164 

82 

18217-18 

7 

1076 

96 

11 3 

18219-20 

7 

1096 

191 

; 5 7 

18221-22 

7 

1116 

98 

11 3 

18257-58 

5 

— 

— 

— 

18259-60 

6 

— 

— 

— 

17967-68 

4 

1051 

190 

65 

17969-70 

4 

1005 

212 

47 
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importance as a bvulding stone for the cytoplasm, 
cystine is also an activator for various proteolytic 
enzymes -which enable the cells to spht the plasma 
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protems of the medium, or possibly to the fact that 
glutamme, together with cystme and glycme, may 
enable the cells to produce other ammo acids for 
their maintenance 


.METABOLISM 




Dayi 


Fig 3 Effect of a medium contaimng only cystinp, glycme 
and glutamme The circles mdicate the growth in the 
control medium, the black dots the growth when tbl 
ammo acids comprise only cystme, glycme and gh 1 
amme / 


Fig 1 Effect of cystme deficiency on growth of myoblasts 
The circles mdicate the growth m the control medium, 
the black dots the growth when cystme is omitted- 



Fig 2 The effect of the replacement of cystme by gluta- 
thione The black dots mdicate the growth m the control 
medium, the circles the growth when cystme is replaced 
by glutathione 

protems m the surrounding medium The break m 
the curve m Fig 3 may be explained as bemg due 
to a liberation of split products from the plasma 


Glutamic acid is known to be very important and 
to be associated -with the transammation process 
According to Rose (1987) this ammo acid has no 
effect on the gro-wth rate of young rats The gro-wth 
of myoblasts on a nutrient -without glutamic acid 
was shghtly retarded m comparison -with t-iiat sho-wn 
with the basic diet (Fi^ 4, 9) If gluta-mi?icid was 
replaced by glutamme (0 6 mg /flask) the rate of 
gro-wth mcreased enormously (Fig 6) At the same 
tune, the morphological appearance of the cells 
underwent a change and became perfectly normal, 
and gradually the fat vacuoles disappeared Without 
glutamme the cells were extremely atrophic, hanng 
the appearance of small glass splmters The process 
is reversible, i e cells which already are highly 
atrophic change mto perfectly normal cells when 
glutamme is added to the medium 

Lysine The absence oflysme from the annuo acid 
mixture had only a slight effect or none at aU on the 
growth of myoblasts (Fig 6) , lysme thus resembles 
glutamic acid (Fig 4) This may be connected "with 
the circumstance that lysme cannot he regenerated 
by amination once it is deammated (of Weissman 
& Schoenheimer, 1941) Osteoblasts seem to be 
more sensitive to lysme deficiency (Fig 7) 


Table 3 Growth of fibroblasts on the basic nvtnent with and without cystme 


Exp no 

18257-58 

18259-CO 

18269-70 

18271-72 


Day-s 

5 

5 

4 

4 


Superficial growth 
with cystme 
(nua *) 

614 

805 

700 

571 


Superficial growth 
without cystme 
(mm ’) 

0 

0 

0 

0 
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Pig 4 EfiFect of a deficiency of glutamic acid on the groTvth 
of myoblasts (Exp 18261-62) The circles indicate the 
growth m the control medium, the black dots the growth 
when glutamic acid is omitted. 



0 12 3-4 

Days 


Eig 6 Comparison of the effect of glutamme and glutamio 
acid (Exp 18291-92) The black dots mdicate the growth 
m the control medium, the aroles the growth when 
glutamic acid is replaced by glutamme 



0 12 3 4 


Pig 6 Effect of lysme deficiency on the growth of myo 
blasts (Exp 18376-76) The circles mdicate the growth 
m the control medium, the black dots the growth when 
lysme is omitted There is practically no difference 



Diyi 

Pig 7 Effect of lysme deficiency on the growth of osteo 
blasts (Exp 18627-28) The circles mdicate the growth 
m the medium containing all the ammo acids of the basic 
diet, the black dots the growth m the medium when 
lysme is omitted 



0 12 3 4 

Di)rs 


Pig 8 Effect of the combmed deficiency of lysme and 
glutarmc acid on the growth of myoblasts (Exp 18479- 
80) The circles mdicate the growth m the control 
medium, the black dots the growth when both lysme 
and glutamio acid are omitted 



0 12 3 4 

Diys 


Pig 9 Effect of glutamic acid deficiency on growth of 
myoblasts (Exp 18263—64) The circles indicate the 
growth m the control medium, the black dots the growth 
when glutamic acid is omitted 


I 
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A medium laokmg both lyeme and glutaimo acid 
has a growth depressmg effect (Fig 8), which is more 
marked than if only one of these ammo acids is 
laokmg (Figs 4, 6 and 9) The morphological appear- 
ance of the ceUfl was perfectly normal m the control, 
whereas m tlie lysme deficient medium the cells were 
atrophic and of the above mentioned glass splmter 
type 

Tryptophan According to Osborne & Mendel 
(1914) tryptophan is an essential ammo acid, it may 
be deammated m wtro imder aerobic conditions by 
slices of kidney (Krebs, 1933) Fig 10 shows the 



Fig 10 Effect of deficiency of tryptophan on growth of 
myoblasts (Esp 18379-80) The circles mdicate the 
growth m the control medium, the black dots the growth 
, when tryptophan is omitted 


were tbm and atrophic, contammg numerous fat 
vacuoles, whereas the cells m the control cultures, 
with all the ammo acids m the medium, were per 
fectly normal 



Fig 11 Effect of arginine deficiency on growth of myo 
blasts (Esp 18437-38) The circles mdicate the growth 
m the control medium, the black dots the growth when 
arginme is orrutted 


effect of a nutrient deficient, m tryptophan (Exp 
18379-80) The response of the cells was plam, m the 
control medium the cells were perfectly normal, 
while they showed atrophy m the deficient medium 
Morphological differences between the cells on the 
two diets became manifest from the tune the cells 
began to migrate out mto the medium 

Argintne is claimed to be a dispensable ammo aoid 
as far as the animal organism is concerned (Scull 
& Rose, 1930) Accordmg to Klose, Stokstad & 
Almquist (1938) the young chick seems to lack any 
abdity to synthesize arginme Smce the absence of 
argmme causes an inhibition of the growth of myo 
blasts, this ammo acid must be mdispensable to 
these particular cells which cannot, hke the mamma 
ban organism, synthesize argmme (Moss & Schoen- 
hermer, 1940) Fig 11 shows the pronounced effect 
of argmme deficiency The cells m the argmme 
fireo medium contamed, curiously enough, less fat 
vacuoles than did the control cultures 

Hwltdtuc prohne Rose & Cox (1924, 1926) have 
shown that lustidme is mdispensable to the growth 
of rats Removal of prohne from the diet is claimed 
to ha\o no effect on the growth of young rats 
Histidme prolme deficiency m the basic nutrient led 
to a marked depression of the growth of our experi- 
mental cultures (Fig 12) The cells m these cultures 



Fig 12 Effect of combmed deficaenoy of histidine and 
prohne on growth of myoblasts (Exp 18656-66) The 
circles mdicate the growth in the control medium, the 
black dots the growth when histidme and prolme are 
onutted 

The effect of media containing only few ammo acids 

Medium containing only cystine, histidine, prohne 
and aspartic acid The growth of myoblasts m a 
medium, the ammo acids of which mclude only these 
ammo acids, was, as one would expect, very de 
fective There was practicaUy no growth, the cells 
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were full of fat vacuoles, and disintegrated very 
rapidly 

Medium containing only cystine, glutamine and 
glycine A medium contammg only these ammo 
acids and sdl the other components of the basic diet 
showed a remarkable effect Tlie concentration of 
each of the components was the same as m the 
basic nutrient and 0 5 mg glutamme was used m 
each flask The cells looked perfectly normal, and no 
difference could be observed between the cells m 
this experimental mediuta and the cells m the con- 
trol Cj'stme alone was not capable of keepmg the 
cells-ahve for any length of tune (Exp 18339-43) It 
IS thought that the ceUs might be able to build other 
ammo acids by transammation of the three a min o 
acids mentioned 

Ammo acids and digests of proteins 

Complete chemical analysis of several protems has 
recently been undertaken by Brand (1946) These 
data make it possible to carry out a comparative 
mvestigation of the effect on tissue cells of, on the 
one hand, an ammo acid mixture approximatmg the 
composition of lactoglobuhn and ciystalhne bovme 
serum albumin and, on the other, a peptic and tryptic 
digest of the same protems For the preparations of 
lactoglobuhn and pure trypsm we are mdebted to 
Prof Lmderstrom Lang Armour’s crystallme pep 
sm was used 

The crystallme enzymes were first dial 3 ’ze<i for 24 hr The 
protems to be digested were diluted with water 1 3 and 
toluene was added to prevent baotenal growth. The di 
gestion was followed by heating for S mm on the water 
bath at 100°, coohng, filtration, evaporation in vacuo to 
remove the toluene pH was adjusted by means of NaOH 
or HCl, dependmg on the enzymes used The solutions were 
stenhzed by filtration 



Pig 13 Effect of a digest of lactoglobuhn and an artificial 
ammo acid mixture resembling this protem (Exp 18233- 
34) The black dots indicate the growth m the ammo 
acid medium, the circles the growth when the medium 
contains the enzymic digest of lactoglobulm 
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Figs 13 and 14 show the complementary effects 
on the deficient plasma medium of a mixture 



D»ys 

Eig 14 Effect of a digest of bovme semm albnmm and 
of an ammo acid mixture resembling this protem (Exp 
18466-66) The black dots mdicate the growth m the 
ammo acid medium, the circles the growth when the 
medium contains the bovme serum albumm digest 


Table 4 Amino-acid composition of lactoglobuhn 
and bovine serum albumin 


Ammo acids 

Lactoglobulm 
(mg m 20 mL) 

Bovme serum 
albumm 
(mg m 20 ml ) 

Glycme 

1 4 

19 

Alamne 

62 

— 

Valme 

6 83 - 

65 

Leucme 

16 6 

13 7 

Isoleucme 

84 

29 

Prohne 

41 

57 

Phenjlalanme 

3 54 

62 

Cysteine 

1 11 

1 11 

Cj'stme 

2 29 

6 41 

Jlethiomne 

3 22 

0 81 

Tryptophan 

1 94 

0 68 

Argimne 

2 88 

62 

Histidme 

1 68 

3 8 

Lysme 

114 

12 4 

Aspartic acid 

11 4 

10 6 

Glutamic acid 

19 6 

16 9 

Glutamme 

1 6 

1 05 

Serme 

50 

45 

Threonme 

586 

6 5 

Tyrosme 

3 78 

6 49 


of the ammo-acids approximating m their relative 
proportions to the composition of the proteins, 
lactoglobuhn and bovme serum albumm (Table 4) 
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The effects were pronounced While the proteins m 
the form of ammo acids produce an excellent com 
plementary effept on tlie deficient plasma medium, 
the digests cause besides an enormously mcreaaed 
rate of growth, a phenomenon known already from 
the work of Baker & Carrel (1928) when usmg pro 
teoses from Witte’s peptone 

For the same mtrogen content there is a remark 
able difference m tlie effects of the ammo acids and 
the digests of the laotoglohuhn While the growth 
curve of tissue cells m a medium contammg the 
ammo acids slowly approaches a maximum, the 
growth of the cells m the medium contammg 
the digests proceeds almost logantlimicaUy from 
the very hegmnmg and reaches high \’alues (Figs 
13, 14) In other words, the cells respond qmte 
differently to ammo acids and to polypeptide 
ammo acid mixtures 

DISCUSSION 

Comparative experiments on the importance of 
ammo acids m the nutrition of pure strains of tissue 
cells tn mtro demonstrate the significance of the 
mdividual ammo acids as far as growth arid mam- 
tenance are concerned Cjnstme occupies a key 
position and was found to be the only ammo acid, 
the absence of which leads to complete inhibition of 
gro-wth even m the presence of aU the other ammo 
acids, a fact which was already recognized by the 
author several years ago (1941) when he employed 
a nutnent composed of ammo acids only Smce 
then we have developed a complete basic nutnent 
contammg aU the substances necessary for satisfews 
tory growth Here agam it has been confirmed that 
cystme cannot he replaced by methiomne, as myo- 
blasts are foimd to be unable to metabohze this ammo 
acid under the experimental conditions employed 
It 18 concluded that those ammo acids, which 
when withdrawn from the mixture cause a depression 
of cell growth, are normally metabolized by the 
cells m question and may therefore be regarded as 
mdispensable to^these types of cells 

The expenmente also show that a nutntive 
evaluation of the mdividual ammo acids on the basis 
of theu effect on strains of tissue ceUs is very rapid 
m companson with other methods m\ olvmg whole 


animals For the mvestigation of the protem meta 
holism of cell types, the tissue culture method is the 
only one that can be used It is evident also that the 
ammo acid requirement of various types of tissue 
ceUs may not be the same, as is shown by a com- 
parison of the response of myoblasts and osteoblasts 
to lysme deficiency (Figs 6, 7) Perhaps we may soon 
bo m a position to map the ammo acid diet necessary 
for the mamtenance of other types of tissue cells 

An approximate rating of the ammo acids ac 
cording to the degree to which they are essential to 
the cells of the cultures m the present experiments 
IS as follows cystme (most essential), argmme, 
tryptophan, glutarnme and lysme 

SUMMARY 

1 A basic nutnent, however elaborate, mvolvmg 
compounds found empirically to he of importance 
to the animal organism is madequate for the mam 
tenancO and growth of tissue ceUs if it does not 
contam the necessary ammo acids 

2 A techmque has been developed makmg it 
possible to evaluate accurately the importance of 
each of the ammo acids necessary to the life of the 
cells 

3 If the ehmmation of an ammo aoid from the 
diet causes the mhibition of ceU grondh, m com 
panson with the growth of the control culture, this 
ammo acid must he, when present, metabolized by 
the ceUs and must be regarded as mdispensable 

4 The degree to which an ammo acid is essential 
can be determmed accurately by measuring the ratio 
between the growth of the controls m the medium 
contammg aU the ammo acids and the growth of the 
experimental cultures where the medium is de 
ficient m this particular acid The present expen' 
ments mvolved cystme, methionme, lysme, glutamic 
acid, aspartic acid, tryptophan, argmme, gluta 
thione, histidme and prolme 

6 The effect of the ammo acids constitutmg lacto 
globulm and crystaUme bovme serum albumm was 
compared with that of enzymic digests of these 
proteins The differences are very marked and 
oharaotenstic 

This work was aided by a grant from the King Christian 
X Foundation 
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Studies in Penicillin Production by Pemctllium notatum 

in Surface Culture 

'2 FURTHER STUDIES IN THE IMETABOLISM OF SULPHUR 
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The DepaHment of Applied Ohemiatry, College of Technology, Manchester 
{Received 24 March 1948) 


An earlier report from these laboratories described 
the metabobsm of carbon and mtrogen compounds 
by PenidUium notatum m surface culture (Hocken- 
buU, 1946), and some references were made to the 
utilization of sulphur by this organism Further 
work on the latter aspect seemed desirable, especially 
as pemcilbn la a sulphur contammg compound It 
IS the purpose of the present commumcation to 
describe these mvestigations 

Previous work on the sulphur metabobsm of 
moulds IS hmited and is mamly concerned with 
Aspergillus niger Rippel & Behr (1936) showed that 
this fungus, when supphed with sulphates, hberated 
considerable quantities of orgamc sulphur com 
pounds mto the medium MSthes (1938) showed that 
when cystme, cysteme or thioglucose was supphed 
sulphates appeared m the medium Mdthes also 
showed that the reduction of sulphate to orgamc 
sulphur was greater m presence of ammonia than m 
presence of mtrate Sternberg (1941) showed that 
many morgamc sulphur sources were available for 
the growth of A niger (e g sulphate, thiosulphate, 
etc ) and concluded that the mould removed sulphur 
from orgamc compounds via sulphoxyhc acids 
WooUey & Peterson (1937) demonstrated the ac- 
cumulation of ‘cychc’ chohne sulphate (^ sulphate 
ethyltnmethylammomum betame), 

(CH3)3N+ CHsCHaO SOjO", 

m the mycehum of A sydovn 

PemciUium notatum is known to utihze C5^steme, 
cystme or sulphate to produce optimal yields of 
pemcdhn In our experiments we have exammed the 
growtli of this organism on a wide range of sulphur 
sources The growth of two X ray mutants, which 
are unable to grow on sulphate, was also exammed 
It was hoped that a study of these organisms would 
throw hght on the metabohc stages used by the 
organism m the formation of orgamc sulphur com'- 
pounds Analytical studies were also made on the 
utilization 6f sulphur by the mould, and experiments 
similar to those described by Rippel & Behr (1936) 
and by MSthes (1938) were also earned out with 


P notatum m order to determme whether their 
behaviours were the same or different 

EXPERIMENTAL 
Cultural methods and materials 

Strains of the mould Five strains were used m our eypen 
ments (1) 1249 B21, which was received from the Northern 
Regional Research Laboratory, Peona, Ulinoia , it has been 
used for the commercial production of pemciUm and the 
culture used by us has been labelled by ns if 2, (2) F4, 
received from Sir Howard Florey, it was used at one tune 
for the production of pemciUin, (3) 832, received from 
Peona, and used for early work m submerged culture , 
(4) TF 3 cyst, an X ray mutant of Sir Alexander Fleming’s 
strsm, which, although white and powdery, also produces 
a yellow pigment freely on most media, (5) 832 A, an X ray 
mutant of stram 832 morphologically siinilar to its parent 
stram, to which it tends to revert occasionally The last two 
strains were received from Dr G Pontecorvo of Glasgow 
University to whom our thanks are due Thev both grow 
freely op media containing cystme but, unlike the others, 
do not grow on media containing sulphate as sole source of 
sulphur 

Oroicth conditions All experiments with hqmd media 
were earned out using 260 mL comcal flasks, with 100 ml 
of medium m each The medium was steam sterilized for 
20 mm at 16 lb /sqjn throughout 

The moculum was a spore suspension containing 3 x 10’ 
spores/ml , based on direct counts with a haemocytometer 
cell It was prepared by washing off spores from cultures on 
glycerol molasses peptone (cf Moyer i: Coghill, 1946) with 
sterile water 1 mL of this suspension was pipetted mto 
each culture vessel AH cultures were meubated, stationary , 
at 23 6°±0 6° 

Media The media most commonly used were synthetic 
and were based on a ‘standard basal’ medium (hereafter re 
ferred to as SB medium) which had the foUowmg composi 
tion (as % w/v) lactose (B P ), 3, glucose (BP), 1, oitno 
aoid(B P ), 1 5, acetic aciL 0 26 (v/v),phenylacetioacid(re 
crystalliz^), 0 05, sourceofN (as text), source of S (as text), 
MgCI, 6H,0, 0 05, FeCl,, 0 006, Cu(NO,), SHjO, 0 002, 
ZnClj (fused), 0 002, MnOi 4H,0, 0 002, Co(NO ,)3 6H.O, 
0 002, NaHjPOi, 0 1, NaF, 0 001 

The medium was made m tap water and was adjusted to 
pH 6 8-6 0 with 66% (w/v) KOH before sterilization It 
was modified quantitatively or qualitatively by varymg 
either the N source or the S source, or both Unless 
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ottenvise Btated, all ingredients were A Jt quality Other 
media employed are described in the text 
‘SB agar’ was siinilarly constituted except for the in 
coiporation of 2 6% powdered agar 

Analytical procedure 

Sampling Five rephcate flasks were removed at the 
appropriate tunes Stenle samples were withdrawn and 
diluted twenty tunes with pH 6 6 phosphate buffet (0 05 m) 
for pemoiUm assay The mycehum was separated by filtra 
tion, and washed with five separate lots of 100 mb distilled 
water The pH and volume of first filtrate were measured 
The washing, which were found adequate for complete 
removal of soluble matter and medium from the felt, were 
added, together with 10 ml of cone HCl, and the whole 
made up to 1 1 less an aUowanoe for the medium used for 
pemoiUin assay The solution was stored at 0° In e;xperi 
ments with oystme and oysteme the filter paper was 
separated from the mycelial mat and was analyzed for pre 
mpitated S compounds 

The mycehum was dried to constant weight at 80“, 
weighed, powdered and stored for analysis The composition 
of the mycehum with respect to % N or % S on dry wt 
was found to be the same if the undned mycehum was 
homogenized with 20 vol of distilled water, thus indicating 
that there was no loss of N or S on drying 

Total N was estimated by the micro Kjeldahl method. 
Tefal S was determined by the method of Luke (1043) 
hut usmg a different mech^cal proc^C'" Wet com 
huations of a sample containing 3-5 mg of 8 were earned 
out m a Bihca crncible with a HlfOj Br, solution containing 
dissolved ZnO the subsequent reduction and distillation 
of H,S was performed in a 60 mb flask fitted to a spiral 
condenser AstreamofNjwaspassedthrough the apparatus 
and the H^ was trapped m a spiral bubbler contaimng 
10 mb of the alkahne CdClj reagent After all the H,S had 
been absorbed 10 ml of 1 6rr HCl solution containing 
3 ml 0 In I, were added to the bubbler and qmcHy 
mixed The was estimated by back titration with 
0 OIn Na,S,Oj 

An alternative procedure used for checking purposes was 
the combustion of the same quantity of material usmg 
Benedict’s reagent (Cole, 1033J, followed by estimation of 
sulphate with henzidene This method was found to be less 
accurate than the other 

Sulphate Solutions containing 3—4 mg of sulphate S 
were adjusted with HCl or NaOH uet.il slightly acid to 
Congo red paper 'The sulphate was precipitated as benzidme 
sulphate (Cole, 1933) The precipitate was collected in a 
30 mm Gooch crucible containing asbestos wool An alter 
native but more tedious method was precipitation with 
BaCl_ in acid solution, followed by reduction of the BaSOj 
to HjS ns m the estimation of total S 
‘Bound sulphate.' in the mycehum was estimated by 
hydrolyzing about 300 mg of dried mycehum at 16 lb /sq m. 
Bteam pressure for 2 hr with 2 6 n HG The hquor was 
made up to 25 ml and filtered. 10 ml were taken for 
estimation of sulphate by the BaG, method 
Ctjdtnc This was estimated by the procedure of Shino 
hara (1935) It was found that dunng medium preparation 
all m Sterne was converted to cystme or oxidized further 
Both cjstelno and evstme media were therefore estimated 
Dj the cjstme method. 
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Pentciffin Pemedhn was estimated by the plate assay 
methods in current use m these laboratories using Bacillus 
subtilis as the test organism (of Foster & Woodruff, 1944), 
and expressed as Oxford umts 


RESULTS 

Three groups of experiments were earned out In 
the first various strains, mcluding the irradiated 
strams, were moonlated on to media containing a 
variety of sulphur sources, and powth was observed 
m each case The availabihty of different forms of 
combmed sulphur was determmed m this way 
Mixtures of the two irradiated strams were also 
moculated on to sulphate media In the second group 
synthetic media which yield pemciUm were meta 
bohzed by strain 1249 B21 and the utilization of 
sulphur examined at mtervals In the third, some 
of the experunents carried out by earher workers 
with AepergtUus ntger were repeated usmg Pem- 
ciUtum notatum strain 1249 B21 

(1) Availability of different Bidphur sources to normal 

and irradiated strains of PemciUium notatum 

Different sulphur sources 

The five strams of the mould were grown on SB 
medium to which were added 0 S % of NH 4 NO 3 and 
one of a large number of sulphur compounds 
1 mg /ml of the sulphur compound was added 
Three rephcate flasks were used The sulphur com- 
pound was dissolved in water and sterilized by 
autoclaving (or by Seitz filtration m the case of 
Na,S and NajSjO^) and added to the stenle medium 
Growth is shown as dry mycelial weight expressed 
as a percentage of the dry weight obtamed usmg 
medium containing n cystme The lasults of this 
experiment axe shown m Table 1 No growth was 
obtamed unless a sulphur source was added to the 
basal medium * 

I 

Growth of mixed vultures of the irradiated strains 

(o) Liquid media Media containing as sulphur 
sources sulphate, thiosulphate, hyposulphite, ‘ cychc ’ 
chobne sulphate and acetone sodium bisulphite were 
moculated with spore suspensions contaimng spores 
of the TF 3 cyst and 832il strains or of a mixture of 
the two There was no evidence of symbiosis between 
the two strams which grow satisfactorily only on the 
media contaimng hyposulphite and thiosulphate 
The irradiated strains were also moculated mto 
Seitz filtered SB medium contammg sulphate, on 
which stram 1249 B 21 had been growmg for 4 days 
There was no growth, showing that sufficient 
utihzable sulphur compounds had not been hberated 
mto the medium by stram 1249 B 21 
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Table 1 Effect of different sulphur sources on the growth of various strains of PemciUium notatum 

(Medium SB +S saurce +06% NH.NOj ) 


Stram of mould 


M2 


F4. 


IF 3 cyst 
(‘cystmelesa’) 


832 


832 ^ 

(‘ cystmeless’) 


Sulphur source (at 1 mg /ml) 

Wt* 

Pen ■}■ 

Wt* 

Pen t 

ivt* 

Pen t 

Wt* 

Pen f 

Wt* 

Pen 

NajSO^ 

100 

70 

100 

12 

0 

0 

102 

0 

0 

0 

NaSOsNHj 

100 

68 

105 

12 

0 


86 

16 

0 


Na,S0, 7H,0 

60 

66/ 

100 

10 

0 


148 

26 

20 

0 


120 

60 

114 

14 

108 

0 

190 

22 

108 

9 

NajSjOj lOHjO 

100 

68 

99 

19 

74 

0 

148 

25 

130 

23 

NajS 

109 

71 

94 

13 

66 

0 

89 

14 

61 

0 

Na,Si 

— 

— 

— 

— 







88 

12 

L- Cystme 

100 

62 

100 

14 

100 

5 

100 

24 

100 

20 

L-C^steme HCl 

100 

68 ' 

105 

13 

98 

3 

97 

22 

73 

21 

Cy^io acid 

91 

6 

98 

6 

100 

0 

92 

6 

92 


Taurme 

100 

24 

108 

12 

89 

10 

94 

17 

113 

15 

2-Mercaptoethylaimne 

80 

21 

88 

— 

40 


124 


134 


m+Dunethyloysteme 

40 

— 

23 

— 

0 



50 



66 


Mfercaptosuccinic acid 

60 

— 

29 

— 

0 



66 



69 


Thioacetarmde 

136 

— 

67 



66 


80 


70 


Thiourea 

33 

— 

27 



0 

- 

67 



26 


‘Cychc’ ohohne sulphate 

125 

76 

100 

16 

0 



, 04 

24 

0 


Acetone sodium bi^phite 

100 

33 

98 

10 

0 

, — 

100 

13 

38 


Ethyl xanthate 

123 

— 

95 

— 

68 



102 


129 


KCNS 

Dry weight of felt grown with 

115 

0 

66 

93 

1 31 


40 

1 22 


160 

0 67 

— 

100 

0 91 

4 


• Wt — mycelial diy weight x 100 

mycebal dry weiglit mth cystme 
t Pen =Pemcillm (umts/ml ) 


(f) Solid media 0 l%ofNa2S04-wasaddedtO(SB 
agar medium and 10 ml portions were placed m 
Petn dishes Strains TF 3 cyst find 8324 were mocu- 
lated on tins medium either separately or together 

From the mixed cultures a new type of qmckly 
growing colony developed which could be readily 
suboultured on thesame medium When smgle spores 
from this culture were transferred to SB medium 
contammg cystme, the two parental strains were 
obtamed When hyphal tips were transferred to 
malt-wort agar, colomes were obtamed which sec- 
tored, and from the sectors the peirental strains 
were agam recovered There was thus the appear- 
ance of a symbiosis of an mterestmg type, but further 
work IS necessary before more extensive discussion is 
possible 

(2) Metabolism of sulphate in synthetic media on 
which penicillin is produced 

Reduction of sulphate in SB medium 

(а) SB medium containing 0 6 % (NH4)2SO^ and 
0 6% NaFTOa was moculated with stram M2 and 
mcubated Analyses showed that only a very small 
fraction of the sulphate was utihzed The results of 
this experiment, which show the utilization of sul- 
phate as well as of other compounds, are shown m 
Fig 1 

(б) The above experiment weis repeated, but m 
order to mcrease the proportion of sulphur which 


would be utihzed the mitial sulphur content of the 
medium was decreased to 0 36 mg /ml A small 
quantity of NajSO^ supphed the sulphur and 0 6 % 
NH1NO3 the mtrogen 

The results of the experiment are shown m Pig 2 
About 0 12 mg /ml of sulphate was reduced, of 
which 0 09 mg /ml appeared m the mycehum and 
0 004 mg /ml as pemciUm No cystme or oysteme 
could be detected m the hquor 

Influence of nitrate and ammonia on sidphate re- 
duction 

SB medium was used m this experiment with the 
addition of 0 36 mg /ml of sulphur, as sulphate 
Three different mtrogen sources were used (4)03% 
NH3, (B) 0 3% NH3 plus 0 25% NaN63, and 
(G) 0 08 % NH3 plus 1 0 % NaNOj Although set (4) 
produced more mycehum as measured by dry 
weight, it contamed only the same quantity of 
mycehal total sulphur as did the others Maximal 
penic illin yields were (4), 30 umts/ml (day 8), 
(B), 29 umts/ml (day 6), (0), 100 umts/ml ^(day 16) 
Set B gave 63 umts/ml on day 8 

Media containing cystine with different additional 
sulphur and nitrogen sources 

(a) Three different media were made up usmg 
SB medium containing 0 6'% NH^NOj To this 
were added (D) c 0 4% oysteme hydrochloride. 
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Fig 


1 Sulphate metaboham of PtnicilUum notaium m telatioa to that of other medium components Left-hand graph 
O, liquor total S (mg /ml), □, liquor SO 4 -S (mg /ml), O, pemoillm (umta/lO^), •, acetic acid (mg /ml), 
A, ammonia N (mg /ml ) Bight-hand graph •, mycebal N (mg /ml ), O, mycelial S (mg /lO ml ), □, mycelial 
dry weight (mg /lOO fd ), +,pH(nmts —10) 




Pig 2 Fig 3 


Pig 2 Sulphur motabolism of Pcnicdiium uoiafum Medram SB -fNHjNO, +Na,SOj O, liquor total S (mg /ml ), 
□, liquor SO^ S (mg /ml ),4[>,pemcillin(umts/ml ) mycelial total S (mg /ml ), -f,pH 


Fig 


3 Tlie utiluation of cyetino and sulphate by Bentciffiuni nofatum showing the conversion of part of the cystme 
supplied into sulphate Basal medium SB medium -^0 6 % NH^NO, Sulphur source 0 4% cystine (lefLhand 
"A” (nght-hand figure) Q, liquor total S 

(mg /lOO Id)’ ^ ) ' • ' S (mg /ml ) , -f . mycelial SO 4 -S (mg /mi), x , mycelial dry weight 
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{E) c 0 2 % cysteine hydrochlonde plus 0 2 % 
NajSOi, (F) 0 4% Nsj-SOi 

After autoclaving the medium aU the cysteme was 
found to have been converted to cystme and was 
estimated eis such As would be expected set F 
behaved as m the previous experiment 

In both jD and E cystme fell steadily tluoughout 
Total sulphur disappeared from the hquor until 
day 8 but subsequently rose agam (Fig 3) The 
conversion of orgamc sulphur to sulphate was first 
apparent on day 16 m both sets D and E About 
30 % of the total sulphur m set D appeared as sul- 
phate About 16 % of cystme m set E appeared as 
sulphate About 6 % of the total sulphur m D was 
detected as ‘bound’ (acid hydrolyzable) sulphate m 
the mycehum 

PemciUin yields were high m aU three sets and peak 
titres (12 or 16 days) were 102, 117 and 92 umts/ml 
respectively 

( 6 ) A second experiment was earned out usmg 
L cystme (c 0 26 %) as sulphur source together with 
(G) 0 26 % NaNOj and 0 3 % NHa or (H) 1 % NaNOj 
and 0 26 % NH^NOg The concentration of sulphur 
m the mycehum was the same with both media 



Pig 4. The effect of nitrogen source on the utilization of 
cystme by PemctUium notatum Medium SB contammg 
(G) 0 26% NaNO 3+0 3% NH„ and (fl) 10% NaNO, 
+025% NH^NOj Oystme (c 0 26%) as S source 
Liquor total S (mg /mL) m G, Q , m E, # Cystme S 
(mg /ml ) m G, □ , m ■ Mycehal S (mg /ml ) m G, 
(J) , m S, i ftecipitated S (mg /ml ) mG, tl.mi/.B 
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but transference was greater with ((?) hecause the 
mycehum was heavier (Fig 4) No sulphate could 
be detected m the medium m either case Penic illin 
yields were low with both media (maxima 32 sind 
42 umts/ml resjiectively) possibly because the con 
centrations of ammoma supphed were unsmtable for 
this purpose 

Utilization of sulphur in enriched media 

In this experiment two media were used which 
gave thicker growth of the mould and relatively 
higher yields of pemcilhn than did SB medium The 
first of these (A) contauung lactose and com steep 
hquor is similar to that used previously by Hocken- 
huU (1946) This medium contains no sulphate The 
results are smular to those obtamed before The 
second medium (B) consisted of the SB medium 
with the addition of 1 6 % soluble starch, 0 6 % 
NH 4 NO 3 , 0 24% NajSO^ and 0 3% monoethyl- 
armne The result with this medium is shown m 
Fig 6 which shows that 40 % of the sulphate was 



Fig 6 Sulphate metabolism m special media Medium A 
contamed lactose and com steep hquor as used by 
HockenhuU (1946) Medium B SB + 16% soluble 
starch, 0 6 % NH^NO,, 0 24% Na 2 S 04 , 0 3% mono 
ethylamme Liquor total S (mg /ml ) m A, O > m B, □ 
Liquor SO4-S (mg /mb) mA, • , m B, ■ Mycehal total 
S (mg /ml ) m A, 6 . m B, l/] Mycehal SO 4 S (mg /ml ) m 
A, • , m B, il No hquor SO4 S 1708 detectable m 
senes A 

reduced to a soluble sulphur firaction which was not 
identified Although some sulphur reappeared m 
the hquor from the felt, this was not m the form of 
sulphate The results of this experiment are shown 
m Table 2 


Table 2 Development of PemciUium notatum on enriched media 
(Media as legend to Fig 6 ) 



Pemeillm (umts/ml ) 

Mycehal dry -weight 
(mg /njl ) 

A 

Mycehal N (mg /ml ) 



Media 

t 

A 


\ 

B 

I 

A 

'I 

B 

A 

B 

Day 8 

107 


86 

12 0 

11 3 

085 

088 

12 

107 


112 

14 6 

11 4 

094 

0 83 

10 

70 


80 

07 

80 

0 65 

0 62 
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(3) Metabolism of sulphur vnth simpler media 

A munber of media were used which were simJar 
to, but not quite identical with, those used by 
Rippel L Behr (1936) and Mdthes (1938) for 
metabohc work with AspergiUus niger 

Sucrose medium vnth ammonia or nitrate 

The basal medium contamed 6 % sucrose, mmeral 
salts and 0 5% Na,S 04 Nitrogen sources were 
eitlier 0 3 % NHj or 1 3 % NaNOa The former gave 
much heavier felts than the latter, and on corre 
spondmg days gave higher mycelial sulphur and 
sulphate than the other Changes in sulphate and 
total sulphur m the medium corresponded with these 
figures, but were only a small ftaotion of the total 
sulphur available (Fig 6) 



Fig 6 Sulphate metabolism on simpler media Basal 
medinia 6% sucroae, mmeral salts, and 0 6% N 8 tS 04 
Nitrogen source either 0 3 % NHj or 1 3 % NaNO, 
Liquor sulphate S (mg /ml ) in medium containing 
ammonia, □ , nitrate, O Mycelial SOf-S (mg /ml ) m 
medium containing ammonia, ■, nitrate, • Mycehal 
total S (mg /ml) m medium containing ammoma, d}, 
nitrate, 6 ' 

Tliese results indicate that PeniciUtum notatum 
behaves quite diiferently from Aspergillus ntger m 
that there v, as no tendency for orgamo sulphur com- 
poimds to accumulate m the medium 

Sucrose medium vnth urea and cystine 

A medium was prepared contammg 1 % sucrose, 
0 S% urea, mineral salts and 0 2 % cs'steme, and 
inoculated intli Pcntctllium notatum 1249 B2l Up 
to ami including the twenty-tlurd day of fermenta 
t ion neither sulphate nor pemoiUm could bo detected 
m the medium 


The results with P notatum on the availabihty of 
various forms of sulphur are m almost complete 
agreement with those described by Sternberg (1936, 
1941) for AspergiUus ntger Btemberg found that 
sulphate, sulphite, hyposulphite, thiosulphate and 
sulphamate gave maiomal growth of A niger, 
while freshly prepared sulphide or disulphide gave 
poor growth Further work with organic com- 
pounds showed that l oysteme or mothiomne and 
methoxysulphomo or n butylsulphimc acids gave 
good growth, whde mercaptans and disulphides did 
not Sternberg also feSund that sulphate was put out 
of action by the addition of excess banum salt to the 
medium, butnone of the reduced sulphur compounds 
was affected m this way From these results Stern- 
berg concluded that sulphate is not the substance 
through which sulphur is mcorporated mto the 
mould, but that the substance concerned is more 
oxidized than the sulphides Sternberg did not eon 
Bider that this compound could be E^SOj m view of 
the stabihty of the S — C Jink m sulphomo acids 
(ignoring ketone bisulphite type compounds) He 
therefore thought it likely that the lower thio acids 
played the intermediate roles ih the process of 
sulphur assimilation 

The present work, especially with the mutant 
strains, appears to bear out this hypothesis, for 
neither of these strains gave good growth with sul- 
phate or sulphite, whereas hyposulphite and thio- 
sulphate were utilized readily It would therefore 
appear that m each of the mutants one of the links 
m the cham of reactions mvolved m sulphur meta- 
bolism is broken, and that the cham mvolves the 
reduction of sulphate to thio acids before conversion 
to orgamc sulphur compounds which are built mto 
the mycehum The nature of this symbiosis is as yet 
not fully understood If the results so far obtamed 
can be confirmed by a fuller mvestigation they 
should be of considerable mterest The number of 
steps m this process is unknown, but it would appear 
that the breaks occur at different plewes m the two 
mutants for they are able to grow symbiotically on 
sulpliate Examples of the breaking of links m 
metabohc ohams by mutation are provided by the 
classical work which has been done with Neurospora 
on the formation of tryptophan and other com 
pounds (of Beadle, 1945) Of more particular 
mterest is the recent work of Lampen, Boepke & 
Jones (1047), m which they report the isolation of 
two mutant strains of Esckenchta colt unable to 
utilize sulphate as sole source of sulphur but able to 
grow m presence of sulphite as sulphur source One 
stram able to utilize sulphide only and several strains 
unable to use either are also reported Similar ' para 
thiotropie’ mutants of Ophiostoma muUiannulatum 
ha%e been obtamed by Fnes (1945) The author 


604 


D J D HOCKENHULL 


(HockerthuU, 1948)eilsoreportsniustard gaamutants" 
of Aspergilhis mdulans ■which beha've m a similar 
maimer 

The metabohc experiments show that when sul- 
phur IS utihzed by Pentctlhum notaium m simple 
media, it is nearly all 'transferred directly to the 
mycehum, and that there is httle -tendency for 
the new sulphur compounds to accumulate m the 
medium When sulphur was supphed as sulphate, 
oystme was rarely formed m the medium, "with 
cystme, sulphate did not usually appear m the 
medium In this the inould differs from AspergtUtis 
ntg&r which has been found to produee'orgamc sul- 
phur from sulphate and sulphate from cystme The 
jnetabohsm of sulphur by A niger is also influenced 
by the nature of the mtrogen source, but this effect 
does not seem to be so marked -with PenicMmm 
notatum 

With more complex media, suoh as those con- 
taiTung orgamc acids, there was some production of 
sulphate from C 5 rstme m the later stages, perhaps due 
to autolysis of the mycehum, but there was no ac 
cumulation of organic sulphur from sulphate With 
the richest media used, contammg com steep hquor 
or orgamc acids together -with starch and ethylamme 
as supplementary sources of carbon and mtrogen 
there was a marked tendency for sulphur compounds, 
possibly orgamc, to appear m the medium These 
media also gave the highest yields of pemciUm 
E-vidence that sulphate may arise from autolysis of 
the mycehum is pruvided by the fact that as much 
as 40 % of the total mycehal sulphur was m the form 
of ethereal sulphate This finding ism agreement -with 
that of Woolley & Peterson (1937) who isolated 
‘cyehc’ chohne sulphate from the mycehum of 
AspergiUus sydovn This sulphate may act as a 
reservoir of sulphur for the organism The work -with 
the mutants also supports the view that sulphate is 
not likely to be an mtermediate m the metabolism 
of cystme These results contrast -with those ob 
■tamed -with A ntger, and also mdicate that the 
composition of the medium has a considerable m 
fluence on the metabohsm of sulphur by the 
organism 

Our experiments do not throw any particular 
hght on the tnechamsm of the formation of pemcdlm 
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This IS not altogether surpnsmg, smce the quantity 
of pemcilhn produced is so small that the amount 
of sulphur mvolved is scarcely measurable Smce, 
however, considerable yields of pemcfihn'can be 
obtamed when other sulphur compounds are not 
accumulating m the mycehum it seems reasonable 
to suppose that pemciUm is formed m the mycehum 
and subsequently spht off by some enzymic process 
The presence of cysteme, cystme or other qiecific sul- 
phur compound does not seem to be a limi ting factor 
m this process 

SUMMABY 

1 The gro-wth of normal and mutant strains of 
PeniciUiuni notatum on different sources of sulphur 
has been studied, and the metabolism of some of 
them followed analytically Normal strains can 
utilize many morgamc substances, such as sulphate, 
sulphite, hyposulphite and thiosulphate, as well as 
other compounds, and high melds of pemcilhn and 
mycehum can be obtamed ivith a considerable 
variety of sulphur sources 

2 Two mutant strains which were unable to grow 
on sulphate, ‘cychc’ chohne sulphate, sodium 
acetone bisulphite, sulplute, or sulphamate grow 
well on other sulphur compounds such as cystme, 
thiosulphate or hyposulplute 

3 When mixed the two mutant strains could be 
grown together on a medium contammg sulphate as 
sole source of sulphur Isolates from the mixed 
colomes produced ‘sectored’ colomes on malt 
medium, and from the sectors strains similar to the 
ongmals were isolated 

4 With the normal strains the utilization of sul 
phur, through the reduction of sulphate or dis 
appearance of cystme, is mamly linked with the 
formation of mycehum Only with certam media do 
non sulphate compounds accumulate m the medium 
Ethereal sulphate was detected m the mycelium 

6 Tlie metabohc route adopted for sulphur by 
P notatum appears to be similar to that used by 
Aspergillus ntger, namely that morgamc sulphur 
compounds are mcorporated mto the molecule via 
a cham of reduced thio acids On the other hand, the 
two moulds react differently -to the presence of 
ammoma or mtrate m the medium 
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It ifi generally agreed that the vitamin A found m the 
hvers of herbivorous animals has its ongm. m the 
biologically active carotenoids present in the diet, 
for the intake of preformed vitamin A is ml It has 
been widely assumed that the site of the conversion 
of the active carotenoids mto vitamm A is the hver 
itself, although the results of in vUro experiments 
designed to test this view are equivocal (see, e g , 
Woolf & Moore, 1932) In the cow, carotenoids are 
present in the systemic blood plasma m amounts 
which reflect the dietary mtake of carotenoids 
(Mitchell & Wise, 1944), and the plasma levels prO 
sumably represent a balance between absorption 
from the inteatme and removal by the hver, the 
pigments being merely en route to the hver from the 
gut In other herbivorous animals (sheep, goat, 
rabbit), however, the systemic plasma contains only 
very small traces of carotenoids (c 2 pg /lOO ml ), 
although considerable amounts of vitanun A are 
found m the hver In all these animals the admims 
tration of vitamm A causes an mcrease of vitaimn A 
m the systemic blood but administration of carotene 
18 without apparent effect on either the vitamm A or 
carotene levels 

This fundamental difference between cattle and 
other herbivora is also shown m other ways, viz the 
body and milk fat of the former contains carotenoids 
and IB yellow, whereas that of the latter is colourless 
The explanation for this stnkmg difference between 
the cow and the sheep, goat and rabbit, imght well 
be found by considenng the possible factors con 
cemed m the mode of absorption and transport of 
carotene from the mtestme, regardmg which there 
is at present only fragmentary experimental evi- 
dence 

Assummg that m these animals carotene* is 
brought to the h\ er m the portal blood stream and 
converted there mto vitamm A, it follows that its 
presence m or absence from the systemic blood will 
depend on the rates of mtestmal absorption and 
uptake (and comersion) from the portal blood by 
the h\ cr Carotene may be present m cow plasma 
because the rate of absorption relative to that of 

• Throughout this report the term ‘carotene’ indicates 
n mixture of a and p carotenes, in which the isomer 
predommofes 


uptake by the hver is high, whereas m sheep, goats 
and rabbits it is low and thus no carotene passes 
from the hver mto the systemic circulation On the 
other hand, if carotene is tran^orted by the lym 
phatic route to the systemic cvroulation, so by- 
passmg the hver, its accumulation m the systemic 
blood would depend on (a) the rate of absorption 
from the gut, (b) the rate of lymphatic transport 
(conen X rate of flow), and (c) the rate of uptake by 
the liver 

In attemptmg to decide which route is concerned 
an obvious prehmmary is to ascertam whether care 
tone is present m the portal blood stream after its 
administration m large amounts Two difficulties 
arise m planning suoh an experimental approach 
One 18 that absorption processes m general, and 
particularly those concerning fats, are retarded by 
anaesthesia and trauma (e g opening of abdomen) 
of several hours duration Consequently, samples of 
body fluids obtamed under such conditions of an 
acute experiment on an anaesthetized ammal are 
much less likely to give positive results and the 
duration of the experiment must be considerably 
shorter than if the animal were conscious and un- 
harmed The other diffioulty is that, owing to the 
large size and compheated nature of the rummant 
stomach, the passage of material through it takes 
days, 80 that orally administered solutions are hkely 
to enter the small mtestme greatly diluted and at 
a very slow rate ^ 

Both difficulties can be overcome by pro vidmg the 
ammals beforehand at an aseptic operation with 
(a) a London cannula (London, 1928) on the portal 
vem, and (6) fistula© of either the abomasum or 
duodenum, so that serial portal (and systemic) 
samples can be withdrawn and solutions mtroduced 
directly mto the mtestme without operative mter- 
ference 

Usmg these techmques, a study has been mede of 
the carotene and vitamm A levels of portal and 
S 3 rstemic venous bloodplasma m conscious goats and 
sheep after the admmistration of large amounts of 
intamm A or carotene Onsistent failure to detect 
carotene m transport m these experiments, and the 
m^ts of concifrrent m\ estigations earned outm this 
laboratory (Glo\er, Goodwm & Morton, 1947a, h. 
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19480, 6) compelled the conclusion that the older 
views on the transformation of carotene mto vitamm 
A must be abandoned m favour of the view that the 
conversion takes place m the mtestmal wall Further 
experiments on unanaesthetized goats provided 
with fistulae of the thoracic duct proved this con- 
version to occur m the conscious animal and showed 
that part, at least, of the vitamm A formed is trans 
ported from the gut via the lymphatic system 

A prehmmary report of the first part of this work 
has alretidy appeared (Goodwm, Dewar & Gregory, 

1946) 

EXPERIMENTAL 

DeiermtncUton ofmtamxn A and carotenoids tn blood plasma 
and lymph The method for blood plasma, which was found 
apphcable to lymph, was that normally used m this 
laboratory and described m detad by Glover, Goodwm & 
Morton (1947 c) AU optical measurements, except those 
m a few preliminary e^enments, were earned out using 
the Beckman quartz photoelectnc spectrophotometer 
Vitamm A levels were measured by the mtensity of the 
blue colour produced m chloroform soluticm at 617 mp 
with the SbClj reagent, and carotenoid levels by the m 
tensity of direct hght absorption at 449 mp. of the blood 
hpid extract dissolved m light petroleum (b p 40-60°) 
The standard error of a vitamm A determination is about 
4%, and of a carotenoid determination 1% 

Determination of faecal carotenoids The carotenoids were 
extracted according to the method of Goodwm & Morton 
(1948) and the carotene fraction separated by ohromato 
graphy on defatted bonemeal (Goodwm & Morton, 1946) 

Carotene and vitamin A supplements The vitamm A con- 
centrates used were potent shark hver oils Carotene was 
used m the form of crystalime p carotene, red palm oil 
concentrate, or homogenized spmach (Nestl6) These 
various preparations were dispersed m a smtable volume of 
water by means of a Waring Blendor, usmg, m various 
experiments, lecithin, bde salts and bile to aid emulsifi- 
cation 

Animals Babbits, sheep and goats were used as expen 
mental animals The rabbits were mamtamed on a diet of 
Lever’s cubes and fresh cabbage, the sheep and goats on 
hay and Bibby’s cattle food (No 1 Cakelets) 

The goats and sheep were provided with London can 
nulae (London, 1928, Gregory, 1946), abomasal or duodenal 
cannulae, and fistulae of the thoracic duct, at aseptic 
operations performed under general anaesthesia (Gregory, 

1947) 

OoTleclton of thoracic lymph in the conscious animal The 
thoracic duct was exposed and dramed either by tying all 
other branches of the jugular vein, mto which the duct 
usually opened, and then mtroduoing a cannula mto the 
vem, or by passmg directly mto the duct a thm walled 
plastic tube m which the lymph did not clot for many 
hours The cannula or tubing was brought out through a 
stab wound m the skin adjacent to the mcision, and lymph 
collected m a small rubber bag contammg a small amount 
of heparm In some experiments m which cannulation of 
the jugular was performed, dotting was successfully avoided 
by subcutaneous mjeotion of ‘chlorazol sky blue’ m the 
vicmity of the mciaion The dye promptly appeared m the 
lymph and this was stamed blue and rendered mcoagulable 
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for many hours In other experiments, however, this 
method was not successful, and as supphes of smtable 
plastic tubmg became avadable to us, this was used m later 
experiments 

The duration of collection of lymph m experiments which 
were successful m that dotting was avoided, was m some 
cases limited by the death of the animals from an unkn own 
cause The usual sequence of events was that, following 
recovery from the anaesthetic (about 16 mm after comple 
tion of the operation), the animal remamod m an apparently 
normal state, walking about and eatmg, for a period of 
10-20 hr Rapid deterioration m its general condition then 
became apparent, mdicated chiefly by stertorous and rapid 
breathmg, and mcreasmg weakness of the hmbs Death 
from respiratory failure occurred withm 1-2 hr from the 
first appearance of these signs and post-mortem exanunation 
failed to reveal any condition likely to have been responsible 
for death. The rate of flow of lymph was constant at about 
30-60 ml /hr and tended to decrease durmg the period of 
mtroduotion of the carotene solution mto the mtestme, 
particularly if this "was rapid The flow continued up to 
the moment of death. In other expenments, which were 
fadnres owmg to clottmg of the Ijunph, the animals re 
covered completely and regamed a normal healthy state, 
and as m these cases the some procedures had been earned 
out, it seems unlikely that any of these was itself a factor 
m the death of the other ammals 

Smee detenoration m the animal’s condition would be 
expected, if anytlung, to depress absorptive processes, and 
m the expenments reported here absorption of the solution 
mtrodneed (as mdicated by the presence of vitamm A and 
frit m the lymph samples) was, m fact, well advanced before 
the death of the animal, we feel that the fact that these 
expenments were semi acute, m that they were not fol 
lowed by permanent recovery of the ammal, does not 
detract from their value 

RESULTS 

Carotene and vitamin A in portal and systemic 
venous blood 

A Rabbits Expenments were first earned out to 
ascertam whether oral administration of massive 
doses of carotene was followed by the appearance m 
the systemic blood of appreciable amounts of ceiro- 
tene Oystallme j3 carotene dissolved m refined 
araohis oil or dispersed m water was a dminis tered by 
stomach tube to groups of 6 rabbits m doses of 
4800 pg each In two expenments the blood 
samples were drawn at mtervals of 3, 6, 27, 48, 72 
and 96 hr after dosmg, and m a third at hourly 
mtervals for the first 4 hr after dosmg These expen 
ments were earned out before the photoelectnc 
spectrophotometer was available, and m view of the 
large quantities of plasma required for a deter 
imnation it was considered preferable to pool the 
samples from the group rather than to withdraw 
excessive amounts of blood from any one animal In 
no instance was carotene observed m the plasma 
The possibdity that the absorption was defective 
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was investigated by determination of the faecal caro 
tene content, it was found that whereas absorption 
from arachis oil "was poor (almost 100% excretion) 
that of the colloidal solution was apparently good, 
only 13 0% of the administered carotene bemg 
accounted for m the faeces The bulk of the carotene 
given m this form had either been absorbed or 
destroyed in the mtestme, experiments m which 
coUoidal carotene solutions were mcubated at 
with rabbit mtestmal contents provided no evidence 
for such destruction It seemed reasonable to con- 
clude therefore that the carotene hod been absorbed 
without gaming access to the systermc circulation 
Examination of the portal blood for vitamm A 
and carotene under similar conditions was obviously 
mdicated, and m the hope of avoidmg more com 
phcated experimental procedures, a number of acute 
experiments were performed on rabbits m which 
blood samples were taken simultaneously from the 
portal vem and the inferior vena cava under hght 
nembutal or cyclopropane/O. anaesthesia at various 
tunes after the oral administration of large doses of 
carotene No detectable amounts of carotene were 
found m any of the blood samples 
B Sheep and goats In the experiments just 
described, failure to detect carotene m the portal 
blood was not unexpected m view of the notorious 
sensitivity of absorption processes to the conditions 
of such experunenta I\irther experiments were 
therefore earned out on goats and sheep provided 
with portal and abomasal connulae 
In these experiments, the results of three of which 
are summarized m Table 1, the carotene preparation 
(dispersed imsaponifiable matter from red palm oil 
prepared by the method of Goodwm & Morton, 
1946) was mtroduced slowly mto the abomasum 
and 20 ml samples of portal and systemic venous 


blood were drawn simultaneously at frequent mter 
vals for periods up to 24 hr after dosmg The results 
were consistently negative, the carotene values of 
the bloods were so low as to be mdistmguishable 
from zero for they corre^ond to a reading on the 
spectrophotometer of E = c 0 01 The vitamm A 
levels were, on the whole, reasonably constant, and 
certainly showed no significant nse after odmmis 
tration of the carotene 

Two similar experiments were performed on 
sheep, m one of wluch the carotene was administered 
m the form of spmach pur6e Both gave results 
identical with those obtamed on goats, and are there- 
fore not reported m detail 

Extent of absorption of carotene from the 
alimentary tract 

A possible explanation of the negative results so 
far recorded was that httle or none of the carotene 
given m the manner described had been absorbed 
An experiment earned out on a sheep, m which 
vitamm A was administered under similar condi 
tions mstead of carotene, showed that this is well 
absorbed, a normal blood tolerance curve bemg 
obtamed The vitamm A^ levels m the portal and 
systemic blood samples were never significantly 
different, and the tune required to reach maximum 
blood levels was 4-6 hr , approximately the same 
as that needed m man (Table 2) 

However, as the dose of vita mm A used was con 
Biderably higher than that of carotene and as it is 
weU known that vitamm A is more readdy absorbed 
than carotene (e g Wald, Carroll & Soiarra, 1941), 
further experiments were made to cheek more 
directly the efficiency of carotene absorption In 
goat no 2 (Table 1) carotene was mtroduced m the 


Table 1 Carotene and vitamin A levels of portal and systemic blood 

(Samples of plasma of goats drawn at varying mtervals after administration vm an abomasa! cannula of 31,000 /ig 
carotene as red palm oil unsap dispersed m 2 1 of water with potassium stearate ) 


Plasma carotene and vitamin A levels 


Systemic 


Portal 


Tune after 
dosing 

Goat no (hr ) 

2 0 

7 

24 

3 0 
4 

8 
24 

4 0 
1 
3 
6 

24 


Carotene 

Vitamm A 

(fig /lOO ml ) 

(i n AOO ml ) 

30 

44 

31 

39 

23 

— 

61 

36 

66 

43 

42 

39 

34 

60 

1 8 

60 

42 

40 

— 

66 

18 

30 

12 

. 

I 8 

— M 


Carotene 

Vitamm A 

(/ig /lOO ml ) 

(i u /lOO ml) 

30 

43 

28 

20 

72 

■ 

1 6 

23 

7 1 

47 

66 

66 

42 

76 

24 

66 

24 

56 

30 

47 

30 

47 

1 2 

36 

12 

32 


1 
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Table 2 Vitamin A levels of the •portal and 
systemic blood 

(Samples firom a sheep after reeeivmg 3 x 10* x u of 
vitemra A dispersed in 2 1 of water with 0 2 % (w/v) of bde 
salts and 0 1 % (w/v) sodium stearate ) 

Vitamm A levels 

Time after (i u /lOO ml plasma) 


dosmg 
' (hr) 

Portal 

— A 

Systemic 

0 

20 

28 

li 

68 

73 


131 

129 

7 

121 

116 

24 

99 

118 

72 

48 

— 


Table 3 Excretion of carotene 

(Estimation of carotene in flmd drammg from an deal 
fistula of a sheep fed 32,850 pg of carotene as homogenized 
spmach via an abomasal cannula ) 


Time of 
draining after 
admimstration 

"Volume 

Carotene 

Hourly 

of carotene 

of hqmd 

content 

excretion 

(hr) 

(ml) 

(pg) 

(pg) 

3 

60 

Nd 

Nd 

6 

20 

Trace 

Trace 

7 

Nd 

Nd 

Nd 

11 

160 

427 

107 

14 

260 

68 

194 

16 , 

Trace 

Trace 

Trace 

21 ' 

260 

300 

60 

23 

60 

262 

126 

25 

60 

400 

200 

28 

60* 

106* 

c 70 

32 

60 

262 

63 

34 

160 

183 

82 

37 

200 

840 

280 

49 

100 

1260 

104 



Total 4048 



* Incomplete coUeotion about 76% of total 
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usual ■way into the abomasum and this was emptied 
6 hr afterwards Only 6 % of the carotene mtro 
duced was still present, mdicatmg that there -was no 
appreciable retention m the abomasum tAo ex 
cretion m these ammals was ascertamed m two waj's ' 

(а) by the usual balance experiment m which the 
amount of carotene excreted for se'veral days before 
and after administration of a kno'wn dose was fol 
lowed, and (6) by promclmg a sheep ■with a cannula 
m the termmal ileum m addition to that m the 
abomasum so that after sidmmistermg carotene all 
material which passed through the small mtestme 
could be collected and exammed This sheep re 
ceived mto the abomasum homogenized erpmach 
containing 32,860 pg of carotene, and the ileal con 
tents were collected for the next 48 hr (Table 3) 
From the results it was estuna^ted that 87 7 % of the 
caro^tene had failed ■bo reach the termmal deum 

Tlie balance experiments were carried out on two 
goats each pro^vided with (a) a portal cannula, and 

(б) an abomasal or duodenal fistula As it -was not 
feasible to remove hay from the diet either before or 
durmg the experiment, a base-lme of carotene ex- 
cretion had to be determmed This was obtamed by 
takmg a -weighted mean value for the daily carotene 
excretion o^ver 6-7 days pre^vious to the e-qienment 
and for a similar penod after the experiment, when 
the levels had returned to, or dropped below, the 
ongmal levels This ■tended to ehrmnate any error 
due to vanation m the amount of hayoonsumed by 
the animals durmg the experiment Table 4 records 
the results of ■two such experiments, which mdicate 
that carotene is well absorbed under these con- 
ditions Only 18 9 and 7 1 % respectively of the 
carotene given appeared m the faeces 

It seemed probable from the results of the e-^pen 
ments m the pre^vious senes that the carotene was 
largely absorbed, but possibly at a rate which was 
slow and dependent on the rate of passage from the 
abomasum, so that detectable amounts of carotene 


Table 4 Faecal excretion of carotenoids 

(Goats fed via a duodenal cannula, red palm od unsap dispersed m water ■with leoithm and bde salts ) 


Goat no 6 (abomasal tube) 


, 

Total Excess 

dady excretion 

Duration of excretion over basal 

coUeotion (pg ) (pg ) 

6 days pnor to dosmg 2,205 — 

2 days after dosing 13,460 9,390 

1 day later 12,970 10,936 ' 

1 day later 3,080 1,046 

1 day later 1,190 — 

"Weighed mean of basal excretion (pg ) 2,036 

Total excess excretion (pg ) 21,370 

Dose (pg ) 113,000 


Percentage excretion v rs Sn ' fi = 18 9 

X j.OjUUU 


Goat no 6 (duodenal tube) 


r 

Total 

Excess 


dady 

excretion 

Duration of 

excretion 

over basal 

collection 

(pg) 

(pg) 

7 da 3 a pnor to dosmg 

2,616 

-- — 

1 day after dosmg 

6,245 

2,700 

2 days later 

16,360 

11,270 

6 days later 

2,260 


Weighed mean of basal excretion (pg ) 
Total excess excretion (pg ) 

2,645 

13,970 

Dose (pg ) 


197,400 

Percentage excretion 

X 100-7 1 

197,400 \ 
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m tlie portal venous blood wore not obser\'ed Goats 
were therefore provided with portal caimnlne and 
duodenal cannulae in the hope that direct intro 
duotion of OTrotene solutions into the upper parts 
of the small mtestme would result m more rapid 
absorption Larger amounts of carotene were also 


Table 6 Vitamin A plasma levels of portal 
and systemic blood 


{Samples draiva from goats at varying mtorvals after 
ndmimatration of 100,000 pg of carotene, via a duodenal 
cannula, as red palm oil unsap dispersed in 2 1 of water 


with lecithin and bde 

salts ) 





Plasma vitamin A 



Time 

levels 



Dose 

after 

(i u /lOO ml ) 

Ammal 

level 

dosing 

A 


r 


no 

it^) 

(hr) 

Systermo 

Portal 

6 

197,400 

0 

65 

72 


4 

07 

76 



10 

07 

G7 



24 

04 

02 

7 

39,600 

0 

90 

104 


4* 

09 

105 

,8 

197,400 

0 

86 

90 

4 

85 

100 



8 

84 

105 



24 

82 

88 


* (Joat died 


used In. three experiments of this type, in which 
samples of portal and systemic venous blood were 
drawn at mtervals after the duodenal mtroduotion 
of carotene, no detectable amounts of carotene conld 
be observed (Table 6) The results on goat no 6 were 
obtamed dnnng the balance experunenta previously 
described 


Tlio implications of our inability to demonstrate 
carotene m tbe blood of goats and sheep were be 
commg mcreosmgly clear, the carotene was bemg 
converted mto vitamm A before it reached tbe 
blood, 1 0 m the mtestmal wall Concurrent expen 
ments winch were bemg corned out m this laboratory 
on rats and which are reported fully m an aceom 
panying paper (Glov eietal 1 948h) made it clear that 
this was the case A review of oil tbe vitamm A 
plasma levels obtamed m our previous experiments 
did not reveal the expected rise foUowmg carotene 
administration It was possible that the nse was so 
slight that it could not be detected by the analytical 
methods available 

It IS reasonably certam that vitamm A itself 
travels, to tbe bver via the lymphatic pathway 
(Drummond, Bell A Pohner, 1936, Popper <L Volk, 
1044, Eden A Sellers, 1948) To complete this m- 
V estigation, therefore, it was decided toprOndegoats 
with thoracic cannulae as well as duodenal tubes so 
that thoracic lymph could be collected continually 
during the experiment In two prelmnnary experi- 
ments m which the unsaponifiable fraction of red 
palm oil, dispersed m 1-2 1 water, was administered 
quickly, no carotene appeared m the lymph but 
there were small mcreases m tbe vntamm A levels 
The clearly positive results on three animals re- 
corded m Table 6 were obtamed after edmmistenng 
the carotene dispersed m a much smaller volume of 
water (260 ml ) slowly over 6-8 hr 

Tlie concentration of the lymph hpids extracted 
by light petroleum (b p 40-60®) was also detennmed 
m these experiments and the variations m it follow 
closely those for vitamm A Tlie hpid and vitamm A 


Table 6 Vitamin A levels in the thoracic lymph, 

(Samples drawn at intervals after administration of 112,000 of carotene, as red palm oil dispersed in 250-500 ml 
of water with either bde or bile salts ) 


Vitamin A bpids in lymph 


Goat no 12 


Goat no 13 


Goat no 14 


Tune after 
dosing 
(hr) 

0 Control 

1 
2 

3 

4 
6 
6 
7 

5 
9 

10 

11 

12 

13 

14 
16 
IG 

17 

18 


Vitamin A 
(i n /lOO mb) 

43 

64 

79 

80 
72 
84 
77 

101 

67 


Lipids 

(mg /1 00 ml ) 
34 

107 

131 

V 165 

232 

498 

697 

202 

195 

67 


Vitamin A 
(i u /lOO mL) 
69 

64 

63 

79 

82 

147 

97 


Lipids 

(mg /1 00 ml ) 
173 

167 

226 

310 

669 

1053 

957 


Vitamm A 
(i u /lOO ml ) 

29 
20 

30 

31 
33 

45 
66 
64 
48 

46 
42 
62 
45 


Lipids 

(mg /lOO ml ) 
256 
394 
361 
429 
466 
419 
1390 
1830 
1342 
1270 
1209 
1428 
1128 
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values obtained, on goat no 14 are presented 
graphically in Fig 1 The parallehsm is very striking 
and the drop m absorption after 6 hr when the 
carotene addition was discontinued and the increase 
after 9 hr when it was resumed, is well reflected m 
both curves The mcrease m the lymph hpids was, 
however, much greater than that m the vitarmn A 
levels The maximum mcrease m vitamm A obtamed 
in each experiment was c 100 % , whereas that of the 
hpids was of the order 600-800 % The reason for 
this IS not immediately apparent, but the well- 
known mlnbition of the antimony trichloride test 
by excess fat probably makes our vitamm A values 
detemuned around maximum absorption rather low 



lig 1 Vanation in hpid and vitamm A levels of lymph 
of a goat dosed with carotene (112,000 fig as red 
palm od) via a duodenal cannula o o o o vitamm A, 
• • • • hpids 

Two other mterestmg but limited observations 
were made on the lymph (a) The vitamm A levels of 
two samples of goat lymph were much less than the 
levels m the corresponding plasma The two lymph 
samples contamed 29 and 37 i u /lOO ml , whilst the 
correspondmg plasma levels were 136 and 67 i u / 
100 ml respectively One experiment mdicated that 
at least 86 % of the lymphatic vitamm A is esterified 
A recent prelimmary note (Eden & Sellers, 1948) 
states that vitamm Am the lymph of bullocks is also 
preponderantly ester, but that the lymph levels are 
higher than the plasma levels (f>) Light petroleum 
(b p 40-60°) extracts of lymph obtamed from goats 
recently removed from summer pasture were qmte 
yellow, although similar extracts from the corre 
spondmg blood plasma were colourless, extracts 
from lymph of goats kept on hay and cattle food were 
also colourless Spectrophotometnc exammation of 
the pigment mdicates that it is not a carotenoid , the 
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absorption curve (Fig 2) shows only one maximum 
at 433-434 mg and a very small mfrexion at about 
690 mg (not recorded m the curve) The pigment is 
destroyed by treatment with alkah, which further 
mdicates that it is not a carotenoid From these 
data the possibdity that it is derived from chloro 
phyll must be considered, but further mvestigations 
are necessary finally to determme this 



Fig 2 Absorption spectrum of a pigment extracted by 
light petroleum from lymph of a goat grazing on fresh 
pasture / 

Carotenoids tn other tissues 

The apparent selective accumulation of caro 
tenoids often reported m certam mammahan tissue, 
VIZ adrenals, corpora lutea, yellow bone marrow, 
has led to a certam amount of qieoulation as to the 
function of carotene per se, as distmct from its 
activity as a vitamm A precursor It was obviously 
important to determme whether, m those animals 
m which carotene appears to get mto the blood 
stream only m traces if at aU, carotene accumulates 
m these organs The adrenals, ovaries, hver and bone 
marrow (from the long bones) 6f a number of goats 
kdled after carotene administration were exammed 
Tn no case was carotene detected m any of the 
organs The bone marrow was perfectly white 

DISCUSSION 

The failure to obtam positive results m our first 
senes of experiments, earned out to determme the 
route whereby carotenoids are transported m sheep 
and goats, is exphcable, m the hght of our later 
work We have now shown that m the unanaesthe 
tized n.mmal the carotene is converted mto vitamm 
A m the gut waU and transported via the lymph to 
the hver where it is stored It is difiioult m expen 
ments of this type to rule out completely the lu m e n 
of the mtestme as the site of conversion, but the 
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failure to destroy carotene by incubation -with 
rabbits’ intestmal contents (wcfe infra) indicates 
that this isso, and the experiments on rats (Glover el 
al 19486) supply additional proof The transport of 
the vitamm A via the portal system is not ruled out 
but IB highly unlikely to occur to any great extent 
This confirms the work of Drummond et al (1936), 
Popper & Volk (1944), and Eden & Sellers (1948) It 
IS suggested that the failure to find vitamin A in the 
plasma of sheep and goats after feeding carotene is 
due to the dynamics of the situation The vitamm 
A IB taken up by the lymph m quantities which 
ate sufficiently great to be experimentally demon- 
strable, however, m the dehvery of the lymph mto 
the systemio blood supply the excess vitamm A 
becomes so quickly dispersed and removed that 
the concentration increment is too small to be 
detected. 

Support for this reasoning has been provided by 
the foUowmg experiment 10* i u of vitamm A were 
administered m similar dispersions (260 ml water, 
1% bile salts) via duodenal cannulae mto two goats, 
one of which was provided with a thoracic cannula, 
and blood and lymph samples were collected firom 
both animals at varying times afterwards It is clesu 
(Table 7) that the mcrease m vitamm A is much 
greater m lymph than m blood and obviously there 
18 also a dilution a^ct when lymph is compared 
with blood Complete confirmation of this obser 
vation has been provided by the recently reported 
work of Eden & Sellers (1948) 

Table 7 Oompanson of vitamm A levels %n 
plasma and lymph of goals 

(The gotttB received identical doses of vitaimn A (10* i n ) 
via duodenal cannulae ) 



Goat no 16 

Goat no 17 

Time after 

vitamin A 

vitamin A 

dosing 

(in /100 ml 

(i U./100 mL 

(hr) 

plasma) 

lymph) 

0 

66 

33 

2 

— 

40 

3 

87 

— . 

4 

— 

83 

8 

167 

189 

8 

181 

232 6 

10 

— 

452 

12 

— 

517 

14 

— 

496 

16 

— 

203 

IS 

— 

232 

24 

78 



■fhe fact that m goats the normal levels of vitamm 
A m lymph are Ion et tlian the blood levels is not m 
opposition to this pomt of view Normally, the 
vitamm A m blood is in the alcohol form and its 
concentration is controlled at an optimum functional 
level by the In er (Glover efal 1947c) ThevitammA 
in normal lymph is that which has been formed from 


carotene and is now m transport to the blood, ift 
other words, m a normal animal, blood and lymph 
vitamm A levels need not and do not bear any ro- 
lationslup to each other 

It 18 now possible to sum up the position regardmg 
the conversion of carotene mto vitamm A m mam 
mals Although the experimental basis for the 
hypothesis has been severely criticized (Rea & 
Drummond, 1032, Woolf A Moore, 1932), it was 
generally assumed until recently that the conversion 
takes place m the liver Sexton, Mehl & Deuel (1946) 
first suggested that the hver was not the site of con- 
version, and demonstrated that mjected carotene 
accumulated m the hver but did not appear to be 
converted mto vitamm A The first results reported 
bore (see Goodwm et al 1946) also pomted m this 
direction, and when Glover et al (19476, 1948o) 
found that retmene, a possible mtermediate m the 
carotene vitamm A transformation, was converted 
mto vitamm A m the gut, it appeared erven mote 
probable that conversion of carotene takes place m 
this organ The accompanying paper (Glover et al 
19486) proves this for the rat by experiments earned 
out in intro and tn vivo , and Wiese, Mehl & Deuel 
(1947) and Mattson, Mehl & Deuel (1947) have com 
pletely confirmed these results Meanwhile, Thomp- 
son, Ganguly & Kon ( 1947) , approaching the problem 
from a shghtly different angle, have come to the same 
conclusion, usmg the pig The work reported here 
on goats confirms these findmgs, and proves that 
the vitamm A thus formed is transported via the 
lymphatics, a fact previously suggested m an acute 
experiment by Thompson ei al (1947) 

SUMMARY 

1 Carotene could not bo demonstrated m the 
portal or systemic blood of rabbits, goats or sheep 
after ad minis tration of massive doses of carotene 
m vanons forms by the oral, abomasal or duodenal 
route , 

2 Carotene, either as dispersed red pabn oil or 
homogenized spmach, is well absorbed by goats and 
sheep irrespective of its route of administration 

3 lii goats provided with thoracic cannulae, 
mcreases m the vitamm A levels of the lymph were 
obtamed after feeding carotene, provmg that 
vitamm A is fozmed from carotene m the gut wall 
and transported to the liver via the lymph 

4 Increases m vitamm A plasma levels, to be 
expected if carotene is converted mto vitamm A m 
the gut wall, could not be demonstrated The prob 
able reason for this is discussed 

5 After a dose of vitamm A the concentration of 
vitamm A was much higher m lymph than m 
plasma 

6 A restricted number of experiments mdicate 
that the normal vitamm A level m the lymph m 
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goats IS less than that in the plasma, and that the 
lymph vitamm A is mostly m the -ester form 

7 A non carotenoid yellow pigment, which may 
be a chlorophyll derivative, is present m the lymph 
of goats feedmg on fresh grass 

8 No carotene could be detected m the adrenals, 
hver, Ovanes, or bone marrow of goats 

We are grateful to a number of people who helped to make 
this mveatigation jmssible to !Mr A D Dewar, Department 
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of Physiology, for help at the beginning of the investigation, 
to Mr H V Hughes, Department of Vetennary Anatomy, 
for much help m locatmg the thomcio duct, to Lever Bros 
and Unilever Ltd , for gifts of red palm od, to Nestl6 Ltd 
for a gift of homogenized spinach, to Dr C F Code, The 
Mayo dmio, USA, for special plastic tubmg for the 
thoracic cannulao, to Prof R A Morton, not only for 
financing most of the mvestigation by grants from his 
Ministry of Food Research Fund, but also for his constant 
help and encouragement, and to Prof W H Newton for 
his advice 
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Studies in Vitamm A 


8 CONVERSION OF p CAROTENE INTO 'SHTAMIN A 
IN THE INTESTINE OF THE RAT 

0 

Bv J GLOVER, T W GOODWIN A^n) R A MORTON 
Department of Biochemistry, University of Liverpool 

{Received 30 ilfarc7Pl948) 


Smee the work of Moore (1930), which showed that 
carotene administered orally to the rat was converted 
mto vitamm A, which was stored m the hver, many 
mv estigators have attempted to determme the locus 
of the transformation The problem has been 
approached m different ways and attention has been 
focused on two organs, the mtestme and the hver, 
m either of which ‘carotene’* given by the oral 
route could conceivably be transformed mto vita 
mm A 

The results of the earher in vitro work, where 
minced hver tissue or extracts were meubated with 

* ‘Carotene’ is used here to denote ipixtures of the a 
and p iBomendes 


coUoidal suspensions of ‘carotene ’, were conflictmg 
Ahmad (1931), Olcott & McCann (1931), Panenti & 
RaUi (1932) and von Euler & lOussmann (1932) 
obtamed evidence for the formation of vitamm A as 
mdicated by the production of a hpid with an ultra- 
violet absorption band m the region of 328 mp (the 
maximum for vitamm A) or by the detection of an 
mcrease m colour mtensity with the antimony tri 
chloride reaction On the other hand, Rea A Drum 
mond (1932), von Euler (1932) and Ahmad (1934), 
were imable to prepare vitamm A imder smular con 
ditions Furthermore, Drummond & MacWalter 
(1933) could not obtam vitamm A from carotene 
which was actually taken up by the hver cells prior 
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to mmcmg and incubating In all the experiments 
for which positive results were claimed, at most only 
traces of vitamin A appear to have been formed 
Agam, it 18 now well known that under the action of 
heat p carotene yields cis isomendes, solutions of 
which m saturated hydrocarbon solvents exhibit an 
absorption maximum c 335 m/i , which is difiScult 
to distinguish from the vitamin A maximum when 
other absorbing substances are present Hence the 
results of in vUro experiments are not considered 
uneqmvocal proof that the conversion takes place 
m the hver 

The in vitro teohmque havmg faded to solve the 
problem, workers turned their attention to studies 
on the liv ing ammal If carotene administered by 
a parenteral route shows vitarmn A activity, then 
the hver is the probable site of conversion of the 
provitamm Carotene m colloidal suspension has 
been administered parenterally by various groups of 
workers and agam the results were conilictmg or 
mdefimte Usmg the mtravenous route, Wolff, 
Overhof & vanEekelen (1930) and Ahmad, Grewal & 
Malik (1934), obtamed positive results for the rabbit, 
but Rea & Drummond (1932) and Drummond & 
Mac Walter (1933) could not confirm the trans 
formation of cmotene to vitarmn A m the hver of the 
cat or the rat 

More recently, using a techmque of partial hepat 
eotomy similar to that of Drummond & MacWalter 
(1036), Vmet, Plessier & Bacul (1943) claim to have 
demonstrated the conversion of carotene to vitarmn 
A m the liver of the rabbit The analysis of small 
specimens of this tissue taken at mtervals after 
mjection of a ooUoidal suspension of carotene 
showed an mereaae m vitarmn A m less than 1 6 mm , 
whereas controls showed a drop m vitarmn A content 
m that period The carotene content of the specimens 
was determined at the same tune No values greater 
than 2 16 fig were recorded, suggestmg that an 
immediate conversion of the carotene had occurred 
on reachmg the hver This observation is m conflict 
with the fact that the transformation of carotene 
mto vitamm A is a comparatively slow process, 
and also with the observations of van den Bergh, 
Muller & Brockmeyer (1920), Drummond, Gddmg & 
ilocWalter (1934) and many others, that carotene 
mtroduced mto the ciroulation mtravenously is 
stored m the hver, particularly m the Kupffer cells 
So, apart from the difficulties of partial hepatectomy 
(both as to techmque andmterpretation) emphasized 
by Drummond MacWalter (1936), the evidence 
of Vmet ct al IB not satisfactory m estabhshmg the 
lu er as the site of conversion 

TJemg curative or growth tests on vitamm A- 
depleted ammals as the entenon of activity, dm 
A Coady (1934), With A Wanscher (1939) and 
Tomarelh, Chamey & Bemhart (1946) have claimed 
that carotene possesses vitamm A activity when 
Bioohem 1048, 43 


aduumstered bj the mtramuscular route Yet 
Bokhhna, Balakhovski & Bodrova (1943) came to 
the conclusion that carotene administered paren 
terally is completely lackmg m vitarmn A effect, 
regardless of whether an oil or an aqueous colloidal 
solution IS used Agam, the evidence is conflictmg 

Recently, Sexton, Mehl & Deuel (1946) have care 
fully compared the biological activity of carotene 
admimstered to the rat orally and parenterally 
Wlion carotene was given by the parenteral route 
moderate amounts were stored m the hver but only 
traces of vitamm A were found there When given 
by the oral route, however, m smaller doses spread 
over a period, moderate amounts of vitamm A, but 
httle carotene, appeared m the hver Furthermore, 
vitamm A deficient rats were unable to utilize caro- 
tene given by mtrasplemc mj eotion, for the symptoms 
of vitamm A deficiency persisted, although sub- 
stantial amounts of carotene had reached the rats’ 
hvers The authors suggested that this negative 
evidence excluded the hver and pomted to the 
mtestme as the site of conversion 

It appears from these results that the biological 
activity of carotene is at best very much less when 
given by the parenteral route than when fed orally, 
while direct analysis of the hver tissue shows that 
substantial amounts of p carotene may be stored 
there (m spite of the fact that the rat is an efficient 
converter of carotene to vitamm A) and yet not be 
utilized by the animal to alleviate symptoms of 
vitamm A deficiency Thus, even if the hver can 
produce traces of vitamm A from the provitamm, it 
can be neither the mam nor the only locus of the 
transformation 

The next organ to consider as the site of con- 
version is the mtestme, which has not hitherto been 
exatmned so extensively Moore (1931) earned out 
various colonmetnc tests on mtestmal hpids He 
used a ratio expressmg the mtensity of hght 
absorption due to visible pigment relative to that of 
the blue colour produced with the antunony tn- 
chlonde reagent to detect the presence of vitamm A 
The observed change m the ratio (a fall) was not, 
however, sufficient to establish the presence of 
vitamm A Using the same criterion for vitamm A, 
Vmet et dl (1943) exammed the mtestmal contents 
and mucosa of vitamm A-depleted gumea pigs 
2-6 hr after oral administration of carotene, and 
obtamed a similarly mdefimte result Sexton et al 
(1946) dosed vitarmn A depleted rats with carotene 
and then removed the mtestmal tracts and meubated 
them for 6-24 hr at 37° No evidence was obtamed 
either of conversion of carotene to vitamm A or of 
its destruction 

Popper (1941) studied the problem using the 
method of fluorescence microscopy By examining 
the various organs of a senes of vitamm A depleted 
rats at mtervals after administenng carotene orally 

33 
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and parenterally, he attempted to find the organ m 
which fiuorescence first appeared He never de 
tected fluorescence due to vitamm A m the hver of 
the rat foUowmg parenteral administration of caro- 
tene, after oral administration he sometimes de 
tected fluorescence first m the mtestme and later 
m the hver, but usually first m the latter Smce he 
was occasionally able to detect vitamin A fluores 
cence first m the mtestme Popper suggested that this 
organ could convert carotene mto mtamm A, though 
he behoved the hver to be the mam site of con 
version 

It appears hkely that the conversion cEm take 
place m the mtestme, but the fact that the reaction is 
slow probably accounts for the lack of absolute 
proof The mechanism of the transformation reaction 
IS not known Hunter (1946), foUowmg the work of 
Morton & Goodwm (1944) on retmene, suggested 
that oxidatii'-e attack upon the central double bond 
occurs resultmg (possibly with mtermediate stages) 
m formation of vitamm A aldehyde, which m turn 
IS reduced to vitamin A alcohol He has shown that 
such a scheme can be reahzed in vitro, albeit with 
very small yields Glover, Goodwm & Morton ( 1948) 
have shown that retmenei (vitamm A aldehyde) fed 
to rats IS reduced immediately on entermg the m 
testmal wall This strengthens the hypothesis that 
the aldehyde is a link m the conversion of ^ carotene 
to vitamm A m the mtestme 

In the hght of the foregomg considerations, the 
aim of the present work was to examme more closely 
the possibihty that the mtestmal waU is the site of 
the transformation A prehmmary report of the 
work has already been published (Glover, Goodwm 
& Morton, 1947o) The foUowmg possible reactions 
were considered (a) breakdown of ^ carotene to 
vitamm A aldehyde , (6) reduction of the aldehyde 
to the alcohol, and (c) absorption and esterification 
of vitamm A alcohol followed by its removal from 
the mtestme mto the blood stream If (6) and (c) 
take place more rapidly than (o), no appreciable 
amount of vitamm A will be found m the mtestme 
even at the height of absorption of )3 carotene 
Compared with vitamm A, carotene is poorly 
absorbed even under the most favourable circum- 
stances The results on the absorption of vitainm A 
aldehyde (Glover et al 1948) mdicate that processes 
(b) and (c) are very rapid mdeed, but httle is known 
about (a) With (1941) compared the rate of de- 
position of vitamm A m the hver after feedmg 
carotene and vitamm A He found that vitamm A 
appeared m the hver not earher than 2 hr after 
mgestion of carotene, whereas only 0 6 hr was 
required for the preformed vitamm to reach that 
organ This suggests a moderate time lag for process 
(a) Rea & Drummond (1932) and Drummond & 
Mac Walter (1933) have come to a similar conclusion 
Furthermore, many workers have been imable to 
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observe any appreciable rise m the plasma level of 
carotene or vitamm A m human subjects given 
moderate doses of carotene, e g vonDngalski (1934), 
With (1941), and Steigmann & Popper (1944) 
Similarly, Goodwm, Dewar & Gregory (1946) and 
Goodwm & Gregory (1948) could not detect a nse 
m carotene or vitamm A m portal or systemic blood 
when large doses of carotene were fed to goats 
through a duodenal fistula The above observations 
can only be satisfactorily explamed if process (o) 
were much slower than (b) or (c) Hence one cannot 
expect to find much vitamm A m the rat mtestmal 
wall unless a moderately high concentration of 
carotene can be obtamed there It is hoped to revert 
to the dynamics of the processes at a later date 

EXPERIMENTAL 

Preparation of carotene In the prelimmaiy expemnents, 
the carotene used was prepared from dried grass, which 
was extracted with acetone m a large Soxhlet extractor 
The solvent was removed from the extract and the residue, 
taken up m light petroleum, was chromatographed on 
a column of alumina (Savory and Moore) to remove 
chlorophylls and xanthophylls The hght petroleum eluate 
was made up to a known volume and the carotene content 
of the solution determined by measuring its extmotion at 
448 mp,, usmg the Beckman quartz photoelectno speotro 
photometer 

To a known volume of this solution a measured quantity 
of arachis od was added and the solvent removed, so that 
the deemed amount of carotene was contamed m 1 ml of the 
oil For the later more quantitative expenments, m which 
the absorption spectra of the tissue lipids were recorded, 
crystailme carotene was used The reqmsite amount was 
dissolved m diethyl ether (freshly distilled over reduced Fe) 
and agam a quantity of arachis oil containing a httle 
lecithin (0 1 g /ml ) was added and the solvent removed 
tn vacuo at room temperature leaving a solution of 
carotene of known concentration m the oil (2-6 mg /ml ) 
Tocopherols or other anti oxidants were not added to this 
solution because their presence would comphcate the ultra 
violet absorption spectra of the hpid extracts from the 
various tissues 

Animals Two groups of adult rata (6 males and 6 females) 
were prepared as controls by feeding them on the normal 
diet of cubes (Lever Bros and Unilever Ltd ) supplemented 
with carrots and cabbage for approximately 3 months On 
this diet the rats bmid up a moderate hver reserve of 
vitamm A solely from a provitamm source, as the cubes 
when used contain no detectable vitamm A but a certam 
amount of carotene (c 6 pg /g ) At the end of this penod 
the rats were taken off the ca^tene diet and placed on 
a vitamm A free diet (Glover, Goodwm & Morton, 19476) 
for 4 days to allow the residual carotene m the mtestme to 
disappear They were then killed and them hvers and small 
mtestmes removed for exanimation 

Leaving out pre limina ry experiments, a further group 
of 28 newly weaned rats were placed on a vitamm A free 
diet for about 6 weeks, by which time growth had ceased 
A group of 4 were killed as controls The pooled hvers 
and pooled mtestmes were separately saponified Bach 
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non sapomfinble extract was tested for vitamin A ivith 
SbCl, The negative results obtomed confirmed tho absence 
of detectable amounts of vitamm A 

Except for 3 Tvhich ivere examined singly at higher doso 
levels, the remamder of the rats ivero divided into groups 
of 3-5 The animals were fasted for 16 hr pnor to feeding 
P carotene The solution of p carotene in oil (2-5 mg /ml ) 
was taken up m a syringe and 1 ml admimstcred by 
stomach tube to each animal m tho group For tho single 
animals fed at higher dose levels (ono at 10 mg and two at 
14 mg each) the jS carotene was contained in 2 ml oil 
A httle of the p carotene m the oil used at tho highest doso 
level did not appear to bo m true solution^ 

Prejxiratton of tissue extracts and 
analytical methods 

At various mtervals (6—24 hr ) after admimstcrmg tho 
p carotene, the animals were anaesthetized and killed Tho 
hver and mtestinal tract, excludmg the large mtestme, 
were removed for examination Tho former was ground 
with anhydrous NajSO^ and extracted with freshly dis 
tilled ether The extract was then exammed for vitamm A 
and carotene by the methods to bo described The small 
mtestme was separated from the stomach at the pylono 
sphmeter The stomach wsis cut open and the contents 
removed with a httle ethanol and ether The mixture was 
transferred to a separatory funnel and after the addition of 
a smtable quantity of water, extracted with ether This 
extract wm washed with water and dned over Na,S0< The 
solvent was then removed, and the residue dissolved m 
hght petroleum and chromatographed on bone meal to 
remove the residual p carotene The adsorbate was removed 
with acetone and the hpid residue was recovered and 
exammed for vitamm A. 

The contents of the small mtestme were flushed out with 
0 9 % NaCl and the mixture collected m a beaker Approxi 
mately 0 5 vol of ethanol was added and the whole 
tnturated m a mortar to break up any sohd materml The 
mixture was then transferred to a separatmg funnel and 
extracted with ether until free from colour, the other 
extract bemg then treated as desenbed for the stomach 
extract The mtestmal tissue was saponified and extracted 
with ether The washed extract was dned over Na^O«, 
filtered and the solvent removed, the residue was taken up 
m 20 mh light petroleum and ohromatographed on a bone 
meal column The hght petroleum eluate was made up to 
a known volume, usually 100 ml The adsorbate was eluted 
with acetone, the solvent removed and the lipid residue 
taken up m 10 mh light petroleum or methanol m a 25 mh 
flask. The flask was placed m a previously prepared 
ethanol CO, mixture at — 60° for 1 ht , durmg which tune 
a large proportion of the sterols was precipitated This 
was filtered off on a small Q 4 smtered glass funnel con 
tainmg and surrounded by pieces of sohd CO, The clear 
filtrate was collected m a small filter tube Smtable 
samples were taken for determination of the ultraviolet 
absorption spectrum and of vitamm A. ' 

Incubation of intestines Bats were anaesthetized 8 hr 
after bemg dosed with carotene and the small mtestmes 
hgatured at the pylono sphmeter and at the caecum The 
^ dosed mtestmes were then immediately removed and placed 
m Ringer solution and meubated at 37° At the end of the 
required penod (3-20 hr ) they were removed and treated 
as described for the normal mtestme 


Dclerminalion of carotene and mlamin A Tho solutions of 
carotene were exammed in the Bookman quartz photo- 
electric spcctrophotomotor Tho extmction of tho solutions 
was measured at 44S-460 mp , and accoptmg the Ei Sn 
(460 mp.) for p carotene m light petroleum as 2600, tho 
amount present was calculated. 

Vitamm A was estimated by two methods (1) a 3-6 ml 
portion of tho filtrate after removal of sterols Vos taken to 
dryness in vacuo at room temperature m a hard glass test 
tube 0 5 ml chloroform was added to tho residue, 4 0 mh 
SbCI, reagent run m and tho mixture placed immediately 
in a 2 cm coll on tho Hilgor Nuttmg spoctrophotomotor 
and tho extmction of tho blue solution (maximum observed 
at C17 mp.) measured, from winch tho concentration m 
1 u could ho calculated usmg a conversion factor of 650 
(2) Tho ultraviolet absorption spectrum was recorded and 
using tho tlirce point method of correction for irrelevant 
absorption (Morton A Stubbs, 1040) tho true absorption 
duo to vitamm A was calculated, from which the concen 
tration m i u was calculated, using a conversion factor of 
1800 


RESULTS 

Prebminary qualitative expenments with the SbCl, 
reagent on the non saponifiable matter from m- 
testmal extracts mdicated that vitamm A was 
present m the mtestme durmg the absorption of 
carotene and that the maximum amount of vitamm 
A occurred 6-8 lir after dosmg No detectable quan- 
tities of vitamm A were found m the contents of the 
lumen of the small mtestme or stomach The quan- 
titative results for the young rats fed with a solution 
of crystalhne p carotene and for the control animals 
given the carotene rich diet are shown m Table 1 
The small mtestmes of the vitamm A depleted 
ammals and of the controls (Exps H and EH), which 
hod a high hver reserve of vitamm A formed entirely 
from a carotenoid source, were exammed for vitamm 
A Both the SbCl, test and the correction procedure 
failed to demonstrate its presence, even m 
traces In the remainmg experiments (IV-XI), 
where p carotene was m process of absorption, 
vitamm A, characterized by its ultraviolet absorption 
spectrum and by the colour test with SbCl,, was 
always foimd m the gut wall A typical absorption 
curve and the corrected vitamm A curve are shown 
m Fig 1 The extracts from all seven groups of 
animals gave similar curves capable of correction by 
the three pomt fixation method, and also the blue 
colour (absorption max , 617 mp ) characteristic of 
vitamm A with the SbCl, reagent 

Tlie vitamm was detennmed by both methods of 
analysis and m general, close agreement (columns 
7 and 8, Table 1) was obtamed for tl^e amount 
present m spite of the large corrections which 
had to he apphed to the ultraviolet absorption 
curves m the second method Tlie amount of vitamm 
A found was very small In an attempt to mcrease 
the yield of vitamm A, the small mtestmes of the 
re m a ining rats were allowed to take up p carotene 
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Table 1 Vitamin A formed in the intestine of the rat during absorption of carotene 



No 

P Caro 
tone 

Tune 

after 

Inou 

bation 

Exp 

of 

given 

dosmg 

tune 

rats 

(mg /rat) 

(hr) 

(hr) 

I 

4 

0 





n 

6 

(1)* 




m 

6 

(1) 

— 

— 

IV 

5 

26 

20 


V 

3 

26 

1C 

. 

VE 

4 

50 

7 



vn 

4 

6 0 

7 

— 

Vin(a) 

4 

60 

6 

_ 

vin(6) 

5 

60 

76 

3 

IX 

1 

10 0 

6 

16 

X 

1 

14 0 

7 8 

20 

XI 

1 

14 0 

80 

20 


Intestine 


Lumen 


Gut wall 



Liver 

A 

Caro 

1 

Vitamm 

Caro 

tene 

Vitamm A (1 u ) 

, ^ , 

t 

Caro 

tene 

Vitamm 

A 

tene 

A 

(/ig) 

UV 

sbca. 

(/^) 

(1 u /rat) 

— 

— 

— 

0 

0 

- ■ 

0 

— 

0 

(u)* 

0 

0 

(m)* 

0644 


0 

M 

0 

0 

(m) 

2465 

+ ve 

Nil 

3 



2 

5 

360 

-f ve 

Nil 

2 



3 

6 

70 

+ ve 

Nil 

6 

10 

20 

- ve 

49 

+ ve 

Nil 

34 

36 

28 

2 

108 

+ ve 

— 

30 

6 

6 

1 

25 

+ ve 

— 

36 

10 

12 

11 

80 

+ ve 

— 

20 

10 







+ ve 

— 

— 

22 

21 

18 

360 

+ve 

— 

— 

20 

18 

16 

270 


* ( 1 ) Diet contaming mrsed carotenoids, (u) trace of yellow pigment not carotene, (m) trace of yellow pigment 


under physiological conditions They were then re 
moved mtact from the animal at the peak period 
of absorption (6-8 hr after dosmg) and mcubated 
m Rmger solution In Exp IX the vitamm A 



Fig 1 (a) Ultraviolet absorption spectrum of the gut wall 
extract (m methanol) of the carotene fed rat, and (6) the 
corrected vitamm A curve 326 mp. =0 238 eqmva 

lent to a total of 175 in) 

content of the mcubated gut walls is greater than 
that of the non mcubated, but the mcrease m not 
sufficiently marked to assert de fini tely that in vitro 
conversion had taken place 


DISCUSSION 

Tlie preparation of an extract from the smaU m 
testme which gives both a correctable ultraviolet 
absorption curve for vitamm A and a strong colour 
test at 617 mp , compared with control extracts 
which gave neither, is taken as uneqmvocal proof of 
the presence of vitamin A m the mtestmal wall of the 
rat dunng the absorption of p carotene Further- 
more, m Exps VI— Vm c 10—30 1 u of vitamm A 
were found m the mtestme of each animal killed 
6-8 hr after dosmg with /9-carotene, and the hver 
reserves of vitamm A were low (26-108 1 u /hver), 
whereas m Exps IV and V on rats lolled 20 and 
16 hr respectively after dosmg, the amount of 
vitamm A m the mtestmes was just detectable, 1 e 
2 and 3 1 u , and the hver reserves were 360 and 
70 lu respectively Theseresults considered together 
with those of Exps II and HI* can only be satis 
factonly explamed on the basis that vitamm A is 
formed from the p carotene m the mtestme and does 
not ongmate m the hver The result obtamed m 
Exp vm where vitamm A m the mtestmes was 
greater after mcubation compared with control 
tissue from similarly dosed animals supports tins 
view 

The absence of detectable quantities of vitamm A 
from the contents of the lumen and stomach durmg 

I 

* Although in the final analysis no vitanun A was 
detected in these tissue extracts, it is possible that the 
onginal extracts contained traces (<^5 1 u ), but the process 
of saponification and particularly that of chromatography 
of the vitamm A under the best conditions always mvolves 
a shght loss of vitamm The loss, however, ought to be of 
the same order for each tissue exammed as the techmqne 
was always the same 
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the absorption of the |3 carotene unphes that the 
latter is converted into vitamin A on entenng the 
gut wall However, Thompson, Ganguly <L Kon 
(1947) have reported vitanun A m the contents of 
the small mtestme of the carotene fedratm amounts 
comparable to that observed m the gut wall In 
contrast to our result above, this could mdicate that 
the carotene is broken down to vitamm A before it 
reaches the gut wall It is, perhaps, possible that 
the vitamm found m the lumen contents arises from 
mucosal cells removed m the washmgs by friction 
when the mtestmes were bemg flushed out with 
ethter On the other hand, the observation (Glov'er 
et al 1948) that vitamm A aldehyde, a possible 
mtermediate m the breakdown of )3 carotene, is 
reduced to vitamm A immediately on entenng the 
gut wall, supports the suggestion that tlus organ is 
responsibleforthebreakdownof)3 carotene Further- 
more, the coexistence of j3 carotene and vitamm A 
m the gut wall, coupled with the fact that much less 
§ carotene is detected m the hver than m the wall 
of the small mtestme durmg the absorption of the 
provitamm, strongly mdicates that the latter organ 
16 responsible for the conversion of jS carotene to 
vitamm A 

The above work, with that of INIattson, Meld & 
Deuel (1947) and Wiese, Mehl & Deuel ( 1947) on the 
rat, Thompson et al (1947) on the rat and pig, and 
Goodwm & Gregory (1948) on the goat, establishes 
the important fact that the mam site of conversion 
of the provitamm A, carotene, to vitamm A is the 
small mtestme of the animal The results bear out m 
full the idea that the failure of earlier workers to 
detect vitamm A m the mtestme after feeding j8- 
carotene was due to the relatively slow rate of con- 
version and rapid removal of the vitamm A formed 
from the mtestme 

One mam problem which has so far defied satis 
factory explanation is the variation m the relative 
amounts of carotene and vitamm A m the blood and 
hver of different species The differences can, how- 
ever , be considered as dependent on the rate of mtake 
of carotene and the efficiency or abundance of an 
enzyme system effecting the conversion m the m' 
testmal wall If the carotene mtake is large, the 


system wiU not be able to break down all the carotene 
and some wiUpass mtotho bloodstream and hence to 
the liver Once it has passed the mtestmal wall 
further conversion of carotene to vitamm A is im- 
probable It would seem that the widely varymg 
ratios of carotene to vitamm A m the blood serum or 
hver of different animals are due to several factors 

(а) varymg levels of mtake and variable success 
in presentmg food carotene for a^imilation, 

(б) variable efficiency* for its conversion mto vitamm 
A m the mtestmal wall, and (c) differences m the 
rates of withdrawalt of the provitamm and the 
vitamm from the blood 

STODLARY 

1 The small mtestme of the rat fed on a carotene 
rich diet for 3 months and then placed on a vitamm 
A free diet for 4 days prior to exnmmation does not 
contam a detectable amoimt of ntamm A, even 
though there is a moderate reserve of the vitamm 
m the hver 

2 When the absorption of a smgle dose of carotene 
by vitamm A depleted animal is maximal (approx 
6 hr after dosmg), vitamm A, demonstrated by two 
independent methods, is present m the gut wall m 
an amount comparable to that m the hver, and the 
gut wall contains an appreciable quantity of earn 
tene, although there is only a small or neghgible 
amount m the hver 

3 These facts establish the wall of the small 
mtestme as the locus of the transformation of 
carotene mto vitamm A 

4 An explanation is suggested for the differences 
observed m the relative amounts of vitEimm A and 
carotene m the blood and hvers of different animal 
species 

Wo are indebted to the Jledicnl Research Conned and 
the Ministry of Food for grants in aid of these investigations 

* As the reaction may be an oxidation process, the 
efficiency wiU depend not only on the abundance of the 
enzyme present, but also on the hormonal activation of 
the enzymes responsible for the oxidation. 

t Withdrawal mdudes physiological utilization and 
oxidative wastage 
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The Use of Radioactive Isotopes in Immunological Investigations 

2 THE FATE OP INJECTED COITTAINING PROTEINS 
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G E FRANCIS, R TOPPER and A WORMALL, Departments of Biochemistry and Physics, 
Medical OoUege of St Bartholomeio's Hospntal, London 

(Received 30 March 1948) ' 


Isotopic tracers can be of considerable value in 
immunochemical mvestigations ’^'N has been used, 
for example, m studies on the formation and circu- 
lation of antibodies (Schoenheuner, Heidelberger, 
Rittenberg & Ratner, 1941, Heidelberger, Treffers, 
Schoenheuner, Ratner & Rittenberg, 1942) Radio 
active isotopes of P and S have been used to deter- 
mme the amount of tracer contammg antigen m 
antigen antibody precipitates (Boursnell, Dewey, 
Francis & Wormall, 1947), and m mvestigations 
on the hpid P and viteibn P m hpovitelhn anti- 
hpovitellm precipitates (Francis & Wormall, 1948) 
Libby (1947) and Libby & Madison (1947) have 
recently used ®“P conta inin g tobacco mosaic virus to 
study the rate of breakdown of this antigen m the 
animal body Tliere are obviously many other ways 
m which labelled antigens and antibodies can be 
used m the field of immunology 

In the present mvestigation, a prelimmary study 
has been made of the fate of mjected ^“P contauung 
antigens, pliogihorylated human serum proteins and 
\ntelhn, to determme the length of tune these 
antigens remam m the blood stream after mjection 


METHODS 

Phosphorylaied proteins 

Preparation of phosphoryl chloride containing “P Radio 
active sodium phosphate was diluted with ordmaiy phos 
phate and precipitated as Ca,(P 04 )s (0 9 g ) This was dried 
and mtrmately ground with 0 9 g of HCl-extraoted charcoal 
(Merck) The imxtnre was thoroughly dried at 160° and 
then heated m a dry all glass Pyrex apparatus m a metal 
bath at 300°, with dry air drawn through the Ca 5 (POi), 
charcoal mixture to remove traces of moisture A weighed 
receiver was connected and cooled m a CCli sohd CO. 
mixture at about - 26° and dry COClj was passed through 
the mixture at 300-360° imtil the reaction ceased. The 
residual Ca 3 (P 04 )i charcoal mixture was removed and finely 
ground to break up the CaCl, layer which had formed over 
the remammg Caj(POj)., it was then reheated m a current 
of dry air and COClj passed through as before When this 
reaction had ceased, the POCl, m the receiver was warmed 
toremoveCOCl.and distilled {Yield0 44g , 49 % of theory ) 
Preparation of phosphorylated human serum proteins 
Human serum (6 6 mb) was phosphoiylated with 0 229 g 
of ’=POCl 3 (i-e a POClj/protem ratio of 1 2) as descnbed 
previously (Boursnell, Dewey A Wormall, 1948) In this 
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experunent the proteins were not separated by precipitation 
with acid, but the solution was dialyzed at about 4° against 
0 9% (w/v) NaCl untd free from dialyzable phosphate, this 
product, which had a P/N ratio of 0 086, was treated with 
0 05 vol of 6% (w/v) phenol and used for injection, 
a mmilar preparation us^ for the precipitm tests had a P/N 
ratio of 0 066 

Treatment oj the blood samples 

Three rabhits each received an intravenous mjection of 
’•P oontanung phosphorylated human serum protems, and 
Mood samples (a httle over 6 6 ml at each bleedmg) were 
taken at mtervals fcom the ear not used for the mjection 
A radioactivity determmation was made on 0-60 ml of 
each blood sample, and h'O ml were centrifuged and the 
separated cells and plasma treated as follows 
Ceil fraction The ceUs were washed three times with 3 mb 
of 0 9% NaCl each time, and a radioactivity determmation 
was made on the whole sample 
Plasma A radioactivity determmation was made on 
0 60 nd. of the plasma, and the remamder was used for 
separation of the protems as follows ' 

(a) Ethanol ether precipitation Plasma (1 0 ml ) was 
added to 6 mL of cold ethanol ether (7 3 v/v) mixture, 
kept at 0° for 2 hr and then centrifuged The precipitate 
was washed twice with 6 mL of cold ethanol ether mixture 
each tune, and three tunes with 6 ml of cold ether It was 
then Soihlet-extracted with two 100 ml portions of CaClj 
dned ether for 2 hr each time, and radioactivity deter 
mmations were made on the dned product Determmations 
made on a few of the ethanol ether extracts showed that 
these oontamed no significant amount of **P 

(5) TncMoroacetie acid precipitation Plasma (1 0 ml ) 
was added to 4 0 ml of cold 10 % (w/v) tnchloroaeetic acid 
After 2 hr at 4° the precipitated protems were centrifuged 
and washed three tunes with 3 mL of 8% (w/v) tnchloro 
acetic acid each tune Radioactivity determmations were 
made on the dned protems 

DetenmncUton of radioactivity 

The samples were mcmerated with HNO,, Cu and NaClO, 
ns descnbed previously (Boursnell, Francis & WormaU, 
1946a) The resultmg pyrophosphate was hydrolyzed by 
boilmg for 10 mm with approx n HCl, and KH,PO« 
eqmvalent to 100 mg of ilgfNHjlPO* was then added The 
phosphate was separated as ammomum phosphomolybdate, 
and converted to MgfNHjlPO,, this was dned at 106-110° 
and a weighed amount transferred to a nng (17 cm 
diameter) mounted on a brass plate The precipitate was 
spread evenly and protected by a few drops of ddute 
collodion solution m ethanol ether Radioactivity deter 
mmations were earned out as descnbed for “S by Boursnell 
et al (1940a), usmg the counter system descnbed by 
Bonks (1946) 

Lipointdlin and vUellin 
Preparation of antigens 

Ltpomleiltn A solution of radio hpovitellm m 10 % (w/v) 
NaCl vras prepared from eggs laid by hens mjected with 
"P contammg neutrahzed sodium phosphate, as descnbed 
prenonsly (Francis A WormaU, 1948) 


Vitellin A solution of radio hpovitellm (c 6% m 10% 
NaCl) was poured mto 6 vol of ethanol ether (7 3) mixture 
nt — 16° The mixture was centrifuged at once and tho 
precipitate was washed once with ethanol ether and twice 
with ether, all operations bemg earned ont at between 
- 16 and - 6° and ns rapidly os possible Moat of the 
adhenng other was removed by rapid evacuation and tho 
protem was washed once with ice cold water , it was then 
dissolved m a minimal amount of dilute NaOH and pre 
cipitated with dilute acetic acid, or dissolved m saturated 
urea solution and dialyzed The products were emulsified 
with 0 9 % NaCl solution with the addition of a few drops 
of 0 In NaOH and strained through mnshn to give a fine 
cream smtoblo for injection 

Preparation of materials for radioactivity 
determinations 

Blood Blood from the margmal vem of tho ear not used 
for the mjection was collected m tubes contammg oxalate 
at mtervals after the mjection of hpovitellm The rabbits 
mjected with vitelim died about 1 mm after the mjection 
and m these cases blood was then taken from the heart as 
qmckly as possible Whole blood samples (3 or 6 ml ), or 
the separated plasma and cells, were evaporated to dryness 
several times with cone HNO, (2-3 ml ) m 60 ml flasks 
until a dear straw coloured hqmd was obtamed A further 
evaporation with HNOj plus 1-2 ml of 10% (w/v) NaClOj 
completed the destruction of all organic matter 

Tissues The whole organs (hver, spleen, heart, lungs and 
kidneys) were removed immediately after the death of the 
rabbits mjected with vitelhn , these organs were dried with 
filter paper, weighed, dned at 100-160° and ashed by 
heating m a muffle furnace for about 6 hr at 400° and a 
further 6 hr at 700-800° 

Badioactivity determinations Prehmmaiy expenments 
showed that where the residue firom the mcmeration of a 
sample was less than 100 mg , accurate radioactivity deter 
mmations could he made without sejjaratmg the phosphate, 
these residues were dissolved m water contammg a few 
drops of 2n HCl and the solution evaporated directly on 
copper or nickel holders With larger residues, the matenal 
was dissolved m a mixture of N HCl and N HNOj (occasional 
msoluble fractions havmg been found to have no detectable 
radioactivity), and the solution boded to hydrolyze pyro 
phosphonc acid The phosphate was then precipitated with 
magnesia mixture, and a sample (up to 100 mg ) spread on 
a nickel holder for radioactivity determmation All the 
results recorded m the tables are average values for two or 
more determmations 

RESULTS 

Injection of phosphorylated proteins 

The Berum proteins are strongly antigenic and, since 
phosphorylation can readily be effected at low tern 
perature and at about pH 8, it was thought that 
phosphorylated humau serum protems might be 
suitable for immunological mvestigations They are 
relatively non toxic and can be mjected in amounts 
sufficient to permit one to trace the antigen after its 
mjection The available for some of our experi 
ments was rather small, hut the radioactivity of the 
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phosphorylated protems used here was high enough 
to allow rehable determinations to be made on small 
blood samples taken from the rabbits at mtervals 
In this experiment the mixed phosphorylated pro 
terns were freed from morgamc phosphate by 
dialysis, but were not otherwise purified or separated, 
m order to minimize as far as possible the ohenucal 
changes effected m the protem antigen 

The results of an experiment with three rabbits 
showed (Table 1) that the mjected antigen did not 
remam long m the blood stream Assummg com- 
plete mixmg of the mjected material with the circu- 
lating blood, and assummg a blood volume of 
60 ml /kg of body wt (the approximate average 
for the blood volume calculated from values quoted 
by Erlanger (1921) for the rabbit), the radio P con 
tent of the blood of the mjected animals would be 
about 8 6 Jig /ml shortly after the mjection The 
average values observed were 6 4 jig after about 
10 mm , 2 0 Jig after 3 In , and 0 6 jig of radio 
P/ml of whole blood 24 hr after the mjeotioa As 
expected, the greater part of the ^as present m 
the plasma m the early stages of the experiment , the 
ceil fraction of the blood contamed only a very small 
amount 10 mm and 3 hr after the mjeotion Deter- 
mmations were not made on the ceU fractions of later 
blood samples, smce it was thought that any ®®P 
present m these cells might have originated from 
morgamc phosphate removed from the phosphory- 
lated proteins It will be observed that the sum of 
the radio P contents of the plasma (adjusted on the 
ba«i8 of a plasma volume of 66-60 % of the whole 
blood volume) and the blood cell fraction does not 
qmte agree m most cases with the value for whole 
blood This might have been due to the loss of *^P 
contammg compounds durmg the washmg of the 
cells 

In some cases ®"P determmations were made on 
the protems separated from the plasma samples 
either by treatment with ethanol ether or by pre 
cipitation with trichloroacetic acid, with the object 
of findmg out how much of the blood or plasma 
®^P was present m the proteins The values obtamed 
with these separated protems were similar to the 
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correspondmg plasma values recorded m Table 1, 
and these plasma radio-P values can therefore be 
regarded as a measure of the amount of phosphory 
lated human serum protem present In other m 
vestigations it has been found (BoursneU et al 1948) 
that treatment with ethanol ether under the con 
ditions of our expemnents leads to precipitation of 
morgamc phosphate with the protem, but this does 
not appear to be a comphcatmg factor here, the 
amount of radioactive morgamc phosphate hberated 
m the first few mmutea and possibly even during the 
first 3 hr after the mjection would probably be 
small, and m any case much of it would readily 
diffuse from the blood to the tissues 
In an attempt to obtam, by a method mdependent 
of radioactivity detemunations, an approximate 
measure of the length of time the mjected protem, 
or its dephosphorylated counteipart, remamed m 
the blood, some of the plasma samples were tested 
with antisera to human serum proteins Smce our 
antisera to pho^horyiated protems were not specific 
for the phosphate contammg groups of phosphory 
lated proteins, it was decided that serological tests 
should be made for the human serum protem part 
of the molecule The results showed that significant 
amounts of human serum proteins, or their phos 
phorylated derivatives (smce these are precipitated 
by antisera to human serum protems) were present 
m circulation up to at least 6 days after the-m 
jection 

Infection of Ivpovitelhn and vitelhn 

In view of the fact that the phosphate groups of 
phosphorylated protems are fairly readily removed 
at 37°, mjection experiments have been carried out 
with the more stable labelled antigens, hpovitehm 
and vitelhn Both compounds can be sjmthesized 
biologically and obtamed after a moderate amount 
of chemical treatment and msmipulation 

The results of experiments with hpovitelhn 
showed (Table 2) that the mjected compound 
rapidly left the blood, about 12% only remamed 
m the blood after 6 mm , 2-4 % after 6 Ivr and about 
2 % 24 hr after the mjection 


Table 1 Radw-V content of whole blood, cells and plasma of rabbits 
after the injection of phosphorylated human serum 

(Three rabbits A, B and C, weighing 3 25, 2 95 and 2 96 kg respectively, each received an intravenous injection of 
1 26 ml /kg of a solution of dialyzed phosphorylated human serum containing 346 jtg radio P/ml and 0 13 miorocnries 
of»-P/mI) 

Radio P content (jig /ml of whole blood or plasma, or m the cells from 1 ml of whole blood) 

Time , '■ , 

after Whole blood Cells (washed) Plasma 

mjection , , , , , * v 


(hr) 

A 

B 

0 

A 

B 

0 

A 

B 

C 

017 

63 

68 

70 

0 07 

0 03 

0 03 

77 

10 2 

— 

3 

1 7 

22 

2 1 

0 06 

0 08 

013 

23 

24 

31 

24 

04 

04 

06 

— 

, — 

— . 

03 

04 

05 

96 

02 

02 

02 

— 

. — 

. — . 

00 

00 

01 

144 

0 1 

02 

0 1 

— 

— 

— 

00 

00 

00 
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Table 2 Radio P content of blood of rabbits foUomng the intravenous injection of ^^P containing lipovitdlin 

(Rabbits nos 641, 644 and 629, of irt 2 4, 2 4 and 2 3 kg respectively, each received an injection of 3 0 ml oflipoviteUin 
solution containing 4672 fig of radio P Rabbit no 641 received a further similar mjeotion 11 days later ) 


Rabbit 

Time after 
injection 

Radio P content (fig /ml of blood) 

A 


r 


\ 

no 

(hr) 

Whole blood 

Plasma 

Cells 

641 

0 08 

42 

36 

1 3 


6 

1 3 

06 

07 


24 

07 

<0 16 

<0 6 


48 

1 4 

<0 2 

07 

641 

0 25 

27 

— 



(2nd mjection) 

4 

<12 

— 




24 

09 

— 

— 

644 

0 08 

49 

36 


629 

c 0 08 

60 

34 

— 


♦ Assuming a blood volume of 60 mL/kg of body wt 


Total* radio P 
m the blood of 
the rabbit, as % 
of that mjected 
11 

35 
2 

36 
7 

<3 

25 

13 

13 


Vitellin, the corresponding hpid-free protein, was 
more ddScult to deal with stnee it is practically 
insoluble m water or dilute salt solutions However, 
with the aid of a httle very dilute NaOH and m other 
cases with saturated urea solution, the vitellm was 
converted into a fine cream for injection Un 
fortunatelyi this suspension proved very toxic to 
the two rabbits used for this experiment, and they 
both died m just under 1 mm after the mjection 
By withdrawmg blood from the heart and removmg 
selected organs at once, material was obtamed for 
a study of the distribution of the mjected antigen 
The results (Table 3) showed that a considerable 
amount, possibly as much as half of the mjected 
antigen, had left the blood stream m the first mmute 
after the mjeetion, most of the missmg antigen bemg 


Table 3 Radio P content of the blood and some organs 
of rabbits shortly after tJie intravenous injection of 
-containing mtellin 

(Rabbits nos 634 and 636, each of 2 7 kg , received 6 0 
and 4 0 ml respectively of a solution or suspension of radio 
vitellm, the amount of radio-P mjected was 2676 and 
2060 fig respectively Both rabbits died about 1 mm, after 
the injection Blood was then immediatelv taken from the 
heart, and the organs were excised as qmokly as possible 
and treated as desenbed m the text ) 


liadio P content 



Rabbit 

^ j 

no 634 

Rabbit 

no 635 


(ye) 

As % 
of radio P 


Aa-%, 
of radio P 


mjected 

(ne) 

injected 

Blood 

2026* 

79* 

1080* 

52* 

Kidneys 

37 

14 

<10 

<0 5 

Lungs 

481 

19 

339 

16 

Spleen 

0 

0 

0 

n 

Heart 

10 

04 

0 

u 

0 

Ln er 

402 

16 

364 

17 


• Assuming a blood volume of 60 ml /kg ofbodywt and 

umform distribution of the radio P throughout the blood 


found m the liver and lungs Calculations hate 
shown that the radio P m the blood present m the 
lung and hver samples analyzed could account for 
a small fi-action only of the radio P content of these 
organs 

DISCUSSION 


The site of antibody formation m the ammal body 
is not clearly established, but it is beheved by many 
mvestigators that antibodies, winch, according to 
the most widely accepted view, are essentially 
modified plasma globulins, are synthesized m the 
same place as are the normal plasma proteins 
Madden & Wlupple (1940), from the evidence of 
then own and other mvestigations, concluded that 
the hver takes an important part m the manufacture 
of the normal plasma proteins, and it is not unreason- 
able to believe that this organ is partly or wholly 
^onsible for the synthesis of antibodies against 
foreign protems and other antigens There is also 
evidence that the reticulo endothehal system as a 
whole takes part m this synthesis (cf reviews 
by Lsndstemer, 1945, pp 146-7, Boyd, 1943, 


. . V cr uiiu miAi oi anciDoay tormation, it would 

^mahnostoertamthatthemjectedantigen,orsome 

fairly large fraction of the molecule, will be located 
m these tissues at some time after its mjection 
Working on this hypothesis several mvestigators 
have exammed various tissues at mtervals after the 

& Bmrih f detectable antigens Haurowitz 

^ Breinl (1932), for example, used an arsemc con- 
teming azoprotem antigen and found that most of 
the ^emc remamed m the hver and ‘ marrow bones ’ 
Other evidence of the localization of much of the 

^eard (1934) usmg ferromagnetic iron oxide and bv 

In our experiments we have used contammv 
protem antigens, although these are not ideal labeUbd 



522 


T E BAEKS AND OTHERS 


proteins for such aa investigation The phosphory- 
lated proteins, hke the azoproteins, are artificial 
complexes, and most of the linkages between the 
mtroduced phosphate groups and the protem mole- 
cule are fairly reafiily spht at 37° (Heidelberger, 
Dans & Treffers, 1941, BoursneU et al 1948), this, 
together with the fact that the hberated morgamc 
phosphate will undoubtedly take part m metabohc 
reeictions unrelated to antibody formation, renders 
results obtamed with phosphorylated protems of 
limited value The localization of m any tissue 
after the mjection of these protems should only be 
regarded as bemg unmunologically significant if it 
occurs fairly soon after the mjection, though some 
of the phosphate groups may remam attached to the 
protem for some considerable tune after the m- 
j ection The use of viteUm and hpoviteUm is not open 
to the same objections, smce these are natural pro- 
tems contammg firmly bound phosphate On the 
other hand, they are insoluble or almost insoluble m 
water and dilute salt solutions, though this is not an 
insuperable difficulty m experiments mvolvmg the 
tracing of mjected antigen A much better antigen 
for these mvestigations is the )3jS'-dichlorodiethyl- 
sulphone protem compound (Berenblum & Wormall, 
1939, BoursneU, Francis & WormaU, 19466), and 
now that supphes of have agam become available 
m this country our mvestigations with this antigen 
are bemg contmued 

The results of the experiments described here have 
shown that the mj ected antigens are rapidly removed 
from the circulatmg blood, and the two experiments 
with mjected viteUm (Table 3) show that much of 
the antigen is removed by the hver during the first 
mmute or so after the mjection (The presence of 
a considerable amount of ®“P m the lungs m this 
experiment is not regarded as necessarily significant, 
for it seems probable that the vitellm particles m- 
j ected, or those precipitated when the suspension 
was mjected mto the vem, were unable to pass 
through the lung capdlanes ) This removal of m- 
j ected foreign particles by the hver is simdar to that 
observed by Jones, Wrobel & Lyons (1944) and 
Dobson, KeUy, Jones & Gofman (1947), m their 
expenments with containing chromic phosphate , 
this mjected compound became localized specificaUy 
m the h\er and spleen, and practicaUy aU was 
remo\ ed m a smgle passage of the blood through the 
hver Smular results were obtamed with other radio- 
active morgamc coUoids (Dobson et al 1947), but m 
our experiments the. mjected protem particles were 
not taken up by the spleen during the first mmute or 
so after the mjection It is possible that the spleen 
may take up mjected antigens or other coUoids at 
a later stage, but the results obtamed by Sheppard, 
Wells, Hahn & GoodeU (1947) suggest that there may 
be fundamental differences m the phagocytic re- 
moval of different mjected coUoids Usmg radio- 
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active isotopes these authors found, for example, 
that the mjection of coUoidal gold mto men and dogs 
resulted m a high concentration of this element m 
both the hver and spleen, whereas the mjection of 
coUoidal manganese dioxide led to a high concen- 
tration ofmanganesem the hver but not mthespleen 
Specific deposition of radioactive coUoid m the 
hver, and the resulting specific irradiation of that 
organ, led to a marked depression of deoxynbose 
nucleic acid metabohsm (Jones, KeUy & Lawrence, 
1947) One of the objects of our own investigations 
with contammg hpoviteUm and vitellm was to 
obtam specific irradiation of the reticulo endothehal 
system and any other tissue m which the mjected 
antigen is localized The relatively short half life 
period of=>“P (14 3 days) and the probabihty that the 
phosphoprotems wiU be slowly hydrolyzed m the 
tissues may render these egg yolk protems specially 
smtable for this type of mvestigation For some of 
these expenments we propose to use contammg 
bacterial nucleoprotems, for prelimmary experi- 
ments made m coUaboration with Prof L P 
Garrod have shown that appreciable amounts of 
®2P can be mtroduced mto protem fi-actions of 
streptococci and cohform organisms 

STOIMARY 

1 ®*P contammg protems have been used to study 
the fate of mtravenously mjected antigens The 
antigens used were hpoviteUm and vitellm obtamed 
from eggs laid by hens mjected with ^^P-contammg 
morgamc phosphate, and artificiaUy phosphorylated 
human serum proteins 

2 The mjectedprotems qmckly disappeared from 
the blood stream Less than one quarter of the 
mjected pho^horylated human serum protems was 
detectable m the blood 3 hr after the mjection, and 
the disappearance of viteUm and hpoviteUm was 
even more rapid, smce only about one eighth of the 
mjected protem could be detected m the blood 
6 min after the mjection 

3 Appreciable amounts of ®“P were found m the 
hver and lungs of two rabbits 1 min after the 
mjection of a suspension of viteUm The presence of 
this material m the lungs was possibly due to the 
retention, by the lung capdlanes, of vitellm which 
was precipitated when the material was mtroduced 
mto the blood stream 

The authors are pleased to express their indebtedness to 
the Medical Eesearch Council, the Bntish Empire Cancer 
Campaign, and the Central Research Fund of the Umversity 
of London for grants to one of us (A W ) which have covered 
the expenses of these mvestigations Thanks are also 
tendered to the Medical Research Councd Tracer Element 
Snb Committee (and to its secretary. Dr A S McFarlane), 
for supphes of ”P, and to Mr W Mulhgan for help with 
some of the preparations of radioactive phosphoiyl chlonde 
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p-Ethylphenylsulphunc Acid m Goat Unne 

By J K. GRANT, Department of Btochemvstry, Vmvererty of Edinburgh 
{Received 13 April 1948) 


Although it was suggested by Baumann m 1879 that 
p ethylphenol might be formed m the animal body 
by the degradation of tyrosme, the presence of this 
substance was not reported until 1927, when 
Walbaum & Rosenthal (1927) and Pfau (1927), 
isolated it from the dried scent glands of the beaver 
More recently, Lederer (1943, 1946)isolatedp-ethyl 
phenol from an extract of acid hydrolyzed pregnant 
mare urme 

In the present work the isolation of p ethylphenyl 
sulphuric acid from urme as the potassium salt is 
reported for the first time This substance was 
imtially obtamed from the urme of an ovaneoto 
mized goat, which had receiv ed large doses of pro 
gesterone and hexoestrol Subsequently it was also 
isolated from the unne of a normal goat 

In view of the behef (Williams, 1947) thatp cresol 
18 quantitatively the most important phenol m the 
urme of vertebrates, it is noteworthy that no clear 
cut evidence has been obtamed for the presence of 
p cresyl sulphuric acid m the urme exammed The 
fact that the denvatives of p ethylphenol, prepared 
from the hydrclj^sis product of the sulphate, re 
quired frequent recrystaUization before constant 
meltmg pomts could be obtamed, might suggest that 
the isolated substance was contammat^ with 


appreciable amounts of the sulphate of p cresol or 
of other phenols Nevertheless, the present work 
mdicates that m the goat p ethylphenylsulphuric 
acid 18 excreted m larger amount than p cresylsul- 
phunc acid 

EXPERIMENTAL 

The expenmental ommals were mature ovaneotomized 
goats on a diet of hay and a mixture of bran, linseed cake, 
oats and beans For the purpose of lactation studies under 
the direction of Dr S J Folley at the National Institute 
for Research in Dairying, they received 1 mg hexoestrol 
and 40 mg progesterone daily Dr Folley and Mr A T 
Cowie kmdly arranged for the coUeotion of nnne, and for 
its dispatch to this laboratory 

The urme was ooUeoted quantitatively under butanol 
Daily collections were stored m the refrigerator The pooled 
7 day collections received were worked up for conjugated 
substances Normal goat urme was collected similarly from 
an animal receiving no treatment 

Extraction of unne 

Urme (351) from a treated goat was acidified to pH 3 
with HCI, and rapidly extracted with butanol at low tem 
peratures The butanol extract was washed with s/3 NaOH, 
and water, and evaporated to dryness under reduced 
pressure The residue was dissolved m water, chilled to 0°, 
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acidified to pH 2 ivith HCl, and rapidly extracted with 
chilled ether The ether washed aqueous phase was made 
alkaline to litmus with NaOH, and extracted with butanoL 
After washing with water the butanol was evaporated in 
vacuo, leaving 6 g of hght brown sohd 

Preparation of potassium and p tolmdine salts 

The above-descnbed sohd was dissolved m a minimum 
of water, and an equal volume of saturated potassium 
acetate solution added. The crystalhne precipitate formed 
was washed twice with half saturated potassium acetate 
solution, and dissolved m 200 mb butanoL After washing 
several times with water, the butanol was evaporated in 
vacuo, leavmg 1 933 g of nearly white crystals After 
crystalhzatipn from 4% (v/v) aqueous acetone, crystals 
melting at 264-266° (corr ) were ofatamed 

The matenal thus obtamed dissolved readJy m water, 
and gave a test for sulphate after warming with HCL 
MiUon’s reagent gave a positive reaction after heatmg 
several minutes at 100° The ToUens’ reaction for glucuromc 
acid was negative N, P and halogens were absent 

After diymg for several days in tticuo over P1O5 the 
following analytical results were obtamed C, 40 05, 40 09, 
H, 3 86, 3 79, S, 14 0, 13 9, K, 16 5, 16 8, potassium ethyU 
phenylsulphatc (CgHjSO^K) requires C, 39 98, H, 3 78, S, 
13 34,K, 16 27% 

0 164 g of the above descnbedpotassiumealt, andO 225g 
of p tolmdine hydrochlonde were dissolved separately m 
5 lots of water The two solutions were warmed to 50° 
and mixed The precipitate of p tolmdme salt formed was 
recrystaUized three tunes from water at 60°, giving a pro 
duct melting at 164-166° (corr) (decomp) Mired with 
a sample of authentic p tolmdme salt of p ethylphenyl 
sulphuric acid, there was no depression in melting pomt 
Found C, 58 25, 68 24, H, 6 02, 6 02 p Toluidine salt of 
p ethylphenylaulphvnc acid (CisHiaNOjS) requires C, 68 24, 
H, 6 19 Heating above 60° caused marked decomposition 
of the p tolmdme salt of the sulphate 

Hydrolysis of the potassium salt 

Hydrolysis was effected by bodmg the potassium salt 
with approximately n HCl for 20 mm., coohng, and ex 
tractmg with ether The residue obtamed on evaporation of 
the washed ether was distilled at 100° and 0 1 mm to give 
a white crystallme sohd This had a strong phenoho smell 
and gave a blue colour, turning to dirty green, with feme 
chloride solution. 


GRANT 

Benzoylation by the Schotten Baumann method yielded 
a product which, after six recrystaUizations from moist 
ethanoL melted at 59-60° (corr ) Mixed with authentic 
p ethylphenyl benzoate (m p 60°, corr ) the m p was 
68—60° (corr ) 3Iixed with authentic p cresyl benzoate 
(m p 71°, corr ) the m p was 53° Found C, 79 64, 79 49, 
H, 6 06, 6 05 Calc for p ethylphenyl benzoate (CuHjiOj) 
C, 79 64, H, 6 23, for p cresyl benzoate (Cj4Hi30j) 0, 
70 23, H, 5 70% 

The oxyacetic acid derivative of the ether soluble hydro 
lysis product, after five recrystaUizations, melted at 94-95° 
(corr ) Mix ed with authentic p ethylphenoxyacetic acid 
(m p 95-96°, corr ) the m p was 94^95° (corr ) and mixed 
with authentic p methylphenoxyacetic acid (m.p 136°, 
corr ) the m p was 97—98° (corr ) 6 106 mg dissolved m 
water required 1 17 ml 0 0236^ NaOH givmg an eqmvalent 
of 184 9 Calc for p ethylphenoxyacetic acid 180 2 

Normal goat urine 

By the processes described above 5 41 normal goat unae 
gave 1 16 g potassium salt The p tolmdme salt prepared 
from this gave C, 68 46, 68 12, H, 6 11, 6 96 p Toluidine 
sail of p ethylphenyl sulphuric acid (CuHi^NOiS) requires 
C, 58 24, H, 6 19% The benzoate obtamed from the ether 
soluble hydroIjiBis product, after six recrystaUizations from 
ethanol, melted at 67° (corr ) Mixed with authentic p ethyl 
phenyl benzoate (m p 60°, corr ) the m p was 66-57° 
(corr ) After seven recrystaUizations from water the 
oxyacetic acid melted at 95°, mixed with authentic p ethyl 
phenoxyacetic acid the m p was 94-95° 

STOrMAHY 

1 The isolation of p ethylphenylaulphunc acid 
from animal sources, as the potassium salt, is 
reported for the first tune 

2 The p ethylphenylsulphuric acid was obtamed 
from goat urme, m which it appears to be quan 
titatively the most important phenylsulphuric acid 

The author is mdebted to Prof G F Maman for much 
advice m connexion with this work, to Dr S J FoUey and 
Mr A T Cowie of the National Institute for Eesearch m 
Dairymg for arrangmg a supply of urme, and to Dr J W 
MinniB who earned out the nucroanalyses The expenses of 
this work were partly defrayed from a grant to Prof G F 
Maman by the Medical Kesearch Couned. 
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Inhibition of Carbonic Anhydrase by Sulphonamides 

By H A KREBS, Medical Research Council Unit for Research in OeU Metabolism, 
Department of Biochemistry, University of Sheffield 

(Received 16 April 1948) 


j\Iann & KeUm (1940) discovered that sulpharul 
amide and certam related substances are specific 
inhibitors of carbomc anhydrase In subsequent 
■work on this enzyme (reviewed by Davenport, 1946) 
these inhibitors have pro\ ed useful tools m the study 
of the physiological action of carbomc anhydrase 
According to Mann & Keihn the NHj group of 
sulphamlamide is not concerned with the mhibitory 
action, for benzenesulphonamide and A"* acetyl 
sulphamlamide are also powerful inhibitors In con- 
trast the SOjNHj group is concerned, for no m 
hibitions were found with sulphamlamide derivatives 
of the type R SOjNH R' to which most of the 
sulphonamide drugs belong 

Relatively httle is known on the quantitative 
comparison of the inhibitory powers of different 
sulphonamides Davenport (1946) has shown that 
m dilute solutions of carbomc anhydrase the ex- 
pression 

uninlubited fraction of carbomc anhydrase 
inhibited fraction of carbonic anhydrase 

X concentration of inhibitor 

IS constant, which is to be expected if the inhibition 
13 due to a simple reversible reaction between car- 
bomc anhydrase and the inhibitor Davenport deter 
mined the value of this expression (K, representmg 
the inhibitor concentration when the inhibition 
18 60%) for Bulphamlaimde and for thiophene 
2 sulphonamide m dilute enzyme solutions, by 
measurmg the inhibition at different concentrations 
of the mlubitor For sulphamlamide, K was 
1 0 X at 0° and 1 8 x 10 -*m at 10°, for thio- 

phene 2 sulphonamide it was 1 6 x 10 “’ m at 0° and 
about the same at 10° 

Tins paper is an account of a survey of the m- 
hibitory power of twenty -five sulphonamides tested 
in connexion with the experiments on carbomc 
anhydrase described by Krebs & Roughton (1948) 
The concentrationa causing an mhibition of 60% 
in various conditions were ascertamed 

EXPERIMENTAL 

Tho inhibition of the reaction between bicarbonate and 
pbosphato buffer was measured with tho technique 
desenbed by Krebs & Roughton (1948) The carbomc 
anhydrase preparation was a chloroform ethanol extract of 
ox blood contammg 9 2 mg dry matter/ml For the test 


jt was diluted 80 or 160 times and 0 1 ml of the diluted 
solution, containing 0 012 or 0 006 mg dry matter, was 
added to the mam compartment The inhibitor, m a volume 
of 0 1 ml , was added to the mom compartment Pre 
limmary experiments estabhshed the order of magmtude 
required to produce a 60% mhibition and several measure 
ments were then made at the critical mlubitor concentration 
Davenport’s formula was used m caloulatmg the concen- 
tration causmg an inhibition of 60% As pomted out by 
Roughton A Booth (1940) and Krebs A Roughton (1948) 
results often show considerable variations when the con 
contrations of carbomo anhydrase are very low, as was the 
case m the present evpenments All data given are based 
on at least three independent measurements but no great 
accuracy can be claimed In general, the data obtamed at 
0° are more reliable than those obtamed at 16° The error 
at 0° ja estimated at ±30% 

RESULTS 

Data obtained with the foregoing procedure are 
given m Table 1 At 16° the inhibiting power was, 
in all cases, lower than at 0°, the differences between 
the values at the two temperatures varying from 
substance to substance The data for sulphamlamide 
agree well with Davenport’s (1945) figures, whilst m 
the case of tluophene 2 sulphonamide the present 
figures are higher than those recorded by Davenport 
The most powerful inhibitors were prontosil red and 
prontosil soluble which caused 60 % inhibition at a 
molar concentration of about 10“® At 0° p tolu- 
enesuiphonamide, acetylsulphomlaimde, p sulph- 
onamidobenzoic acid, naphthalene-1 sulphonamide 
naphthalene 2 sulphonamide and 2 ehloropyndme 
6 sulphonamide caused a 60 % inhibition at molar 
concentrations between lx 10“’ and 2 x 10“’, they 
are thus more powerful inhibitors than thiophene 
2 sulphonamide The comparison of several p sub 
stituted benzenesulphonamides shows that m this 
senes the mhibitmg power decreased m the foUowmg 
order 

CHj > CH, CO NH > COOH > H > NHj 
>NBU (NOH )C > NHj CHj- > NHjfNH )C 
benzenesulphonamide 

p Toluenesulphonamide was more actn e as an 
inhibitor than o toluenesulphonamide, A’'* acetyl 
sulphamlamide was more active than sulphanil 
amide, and benzenesulphonamide much more actn e 



526 


H A KREBS 


1948 


Table 1 Inhibition of carbonic anhydrase by sttlphonamtdes 


Substance 

A p Substituted benzenesulphonamides 
Benzenesulphonamide 

p Toluenesulphonauude 

p Anunobenzenesulphonamide 
(sulphamlamide) 

p Acetamidobenzenesulphonamide 
{N* acetylsulpbamlamide) 

p Anuuoinethylbenzenesulphonamide 
(marfaml) 

p Sulphouanudobenzamidine 
p Sulphonamidobenzamidoxjme 

j>-Sulphonanudobenzoio acid 
B Other aromatic aulphonamidea 
0 Toluenesulphonamide 

0 Sulphonamidobenzoic acid 
Toluene oi sulphonamide 
Naphthalene 1 sidphonamide 


Naphthalene 2 sulphonamide 


Thiophene 2-sulphonamide 


2 Chloropyndine 6 sulphonamide 


4-Sulphonamido 2' 4' diammoazobenzene 
(prontosd red) 

4' Sulphonamidophenyl 2 azo 7 acetamido 
1 hydroxynaphthalene 3 6 disulphomo 
acid (Na salt) (prontosd soluble) 

C IP- Substituted sulphouamides 
Sulphamezathme 
Sulphapyndme 
Sulphathiazole 
Sulphaguamdme 
Sulphacetamide 
Sulphamlyl sulphamlate 
p Toluenesulphonylglycme 

D Ahphatic sulphonamide 
P Cyanoethanesulphonamide 


Concentration causmg 
60% inhibition (10 ~’m) 


Formula 

r ' 

At 0° 

At 15“ 

SOjNH. 

40 

— 

CH, SOjNHj 

1 0 

24 

NHi SOoNHi 

90 

19 

CHj CO NH SO,NH, 

1 2 

20 

NH, CH, SOjNH, 

25 

— 

NH,(NH.)C SO.NH, 

41 

— 

NH,(NOH )C SO,NH, 

11 

— 

COOH SO.NH; 

20 

27 

CH, 



SO,NH, 

63 

77 

COOH 



SO,NH, 

63 

15 

CH, SO,NH, 

160 

— 

SO,NH, 

1 6 

20 

SO,NH, 

1 0 

2 7 

1^ SO,NH, 

30 

3 8 

^ SO.NH, 

CllJ 

1 2 

\ 


N 



— 

0 06 

— 

4/ 

010 

— 



2,200 

4,200 



610 

1,400 



6,600 

7,700 

\ 

300 

650 

_ 

6,600 

19,000 

_ 

12,000 

21,000 

CH, SO5NH CH, COOH 

4,400 

7,600 

CN OH, CH. SO,NH, 

380 

— 
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than toluene w sulphonanude The one aliphatic aul- 
phonamide which was tested, was a relatively weak 
inhibitor « 

Stdphonamide drugs of the type It SO^NH R' 
(sulphapyridine, sulphathiazole, sulphamezathme 
and sulphaguanidine) also inhibited carbomc an 
hydrase when high concentrations were tested The 
concentrations required to produce a 60 % inhibition 
were between 100 and 10,000 tunes higher than m the 
case of analogous compounds without a substituent 
attached to the atom But even though the 
inhibitory capacity of these substances is smaller 
than tliat of other sulphonamidea they have marked 
effects m molar concentrations of 10“® or 10~‘ For 
example, sulphapyndme causes 73 % inhibition (at 
16°) when the molar concentration is 2 x 10"* (or 
6 2 mg /lOO ml ) These are concentrations which are 
reached m the blood plasma m the standard pro 
cedures of treatment Much higher concentrations 
may occur m the urme and, if the drug is given orally, 
m the stomach and m the mtestmal tract 

Inhxbiiion of carbonic anhydraee, in the, presence 
of tissue constituents 

Tlie inhibition of carbomc anhydrase by a given 
concentration of inhibitor depends on the affimty of 
the inhibitor for the enzyme and for other substances 
m the solution (see Davenport, 1941, van Goor, 
1940) In the very dilute solutions of carbonic 
anhydrase to which the measurements recorded m 
Table 1 refer the second factor was of mmor im 
portance Animal tissues and body flmds may be 
expected to contam substances capable of combmmg 
with sulphonamides and the mlubition of carbomc 
anhydrase m its natural medium may therefore he 
smaller than the ^ alues given m Table 1 suggest The 
following experiments were undertaken to assess the 
order of magmtude of the effect of tissue constituents 
on the inhibition of carbomc anhydrase 


Sheep kidney cortex was homogenized m a Warmg 
Blendor with 1 vol of 0 1 ii phosphate buffer of pH 7 0 The 
homogenate was heated for 1 hr in boilmg water to 
inactivate carbonic anhydrase (heatmg to 70° proved m 
sufficient) The heated material was mixed with an eqnal 
volume of 0 02 m phosphate buffer of pH 7 0 and again 
homogenized The resulting hqmd contamed 6 2% dry 
matter and had a pH of 7 0 Tor carbonic anhydrase 
experiments 2 mL of the homogenate were placed m the 
mam compartment of a Warburg cup, together with 0 2 ml 
additional solutions (carbomc anhydrase, mhibitor solution, 
or water) The side arm contamed 0 2 mL 0 26 m NaHCOj 
After mixmg, a total pressure of about 200 mm was observed 
and expenments with mhibitors mdicated that the heated 
homogenate still contamed a measurable amount of car 
bonlo anhydrase To test the effect of inhibitors 0 1 ml of 
a diluted (1 160) chloroform ethanol extract of ox blood 
was added to the mam compartment, with and without the 
inhibitor to be exammed 

The data obtained are given m Table 2 It will be 
seen that the concentration requued to produce a 
60% inhibition is in aU cases moreased by the 
presence of tissue homogenate The extreme cases 
were those of prontosil red, where the concentration 
was SStimes, and p sulphonamidobenzoic acid where 
it was only 1 2 tunes as high as that required in the 
absence of tissue homogenate (at 0°) 

DISCUSSION 

Inhibitory effect in warm blooded animals under 
physiological conditions Whilst the inhibitory action 
of the sulphonamides decreased in all cases with 
naing temperature, the temperature coefficient 
varied considerably from substance to substance 
The manometnc techmque is not smtable for the 
exact measurement of the inhibition at body tern 
perature owmg to the relatively high rate of the 
uncatalyzed reactions of carbomc acid at that tern 
perature, but an approximate estimate of the m- 
hibition can be obtamed by extrapolation from the 


Table 2 


Effect of tissue homogenates on the inhibition of carbonic anhydrase by sulphonamides 


Tor experimental conditions, see text The effect of tissue constituents is mdicated by the ratio 

Cg _ (concentration of snlphonamide causing 60 % inhibition with homogenate) 
Co (concentration of sulphonamide causmg 60 % inhi bit, mu without homogenate) 


Substance 
Sulphamlamide 
A'* Acfctylsvdphauilamide 
p Toluenesulphonamide 
p Sulphonamidobenzoic acid 
Ttoophene 2 sulphonanude 
Naphthalene 1 sulphonanude 
Prontosil red 
Sulphaguanidme 


Expenments at O'* 

- — A 


Cg 

Ratio 

(lO-’M) 

11 b 1^0 

39 

43 

64 

45 

70 

70 

23 

12 

80 

27 

10 

83 

5 

83 

2300 

7 7 


Expenments at 16° 


' 

Ratio 

(lO-’M) 

Cg/Cfl 

11 

53 

12 7 

63 

37 

14 

80 

21 


18 
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data given for 0 and 15° The effect of tissue con- 
stituents on the inhibition under physiological con- 
ditions 'Will hkewise have to be assessed by extra 
polation The measurements hsted m Table 2 were 
earned out m a medium contammg about one 
quarter of the amount of tissue matenal present m 
the mtact organ Moreover, the protem was de- 
natured by heat treatment 

Choice of inhibitor for physiological experiments Of 
the substances tested p sulphonarmdobenzoic acid 
may have advantages over other substances m m- 
hibitor experiments Its powerful action is not much 
affected by temperature and by the presence of tissue 
constituents The neutral sodium salt is very soluble 
m water (about 20 % w/v) and can therefore be added 
m concentrated solution It is ^worthy of note that 
p sulphonanudobenzoic acid has been found m urme 
after administration of marfanil (Hartles & Wdhams, 
1946) and of p toluenesulphonamide (Flaschen 
trager, Bernhard, LSwenberg & Schlhpfer, 1934) In 
some experiments it may be disadvantageous that 
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the inlubitmg principle is contamed m an anion, as 
m this substance , m such cases benzene , p toluene , 
naphthalene or thiophene 2-sulphonamide may be 
preferable 

SUMMARY 

1 The inhibitory action of twenty five sulphon 
amides on carbomc anhydrase was exammed under 
varymg conditions Data are given for the eoncen 
tration causmg an inhibition of 60 % at 0 and at 16°, 
m dilute enzyme solution, and also m the presence 
of tissue constituents 

2 Relations between chermcal constitution and 
inhibitory power and the suitabfiity of various 
substances for inhibitor experiments are discussed 

The author is indebted to Dr James Walker, National 
Institute for Medical Research, London, NWS, for samples 
of marfaml, p snlphonamidobenzarmdme, p sulphon 
amidobenzamidoxime, 2 chloropyndme 6 snlphonamide 
and p oyanoethanesulphonamide 
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Smith (1946), m a note on the occurrence of species 
of the micro fungus Otdiodeiidron Bobak m Bntam, 
states that ‘the genus Oidiodendron was erected by 
Robak (1932) on three species which were all found 
growmg on ground wood pulp m Norwegian mills 
The ongmal three species are 0 nigrum, 0 fusciim 
and O rhodogenum Later, Robak (cited by Mehn & 
Nannfeldt, 1934, p 440) described a fourth species, 
O griseum, and a further addition to the genus was 
made by von Szdvmyi (1941) with his 0 Jlavum ’ 
The purpose of the present commumcation is to 
describe the preparation, properties and antibacterial 
activity of a hitherto undesenbed mould metabolic 


product, isolated from two different strains of O 
fuscum, for which the n&vae fnscin is proposed Both 
the strams were identified by Mr G Smith and were 
isolated origmaUy from British sources, one — stram 
Ag 112 — by the late J H V Charles from guncotton 
at Ardeer, Scotland, m 1926, the other — strain Camb 
111 — ^by Dr Alan Burges m Cambridge, England, m 
1945, from the surface humus m a pme plantation 
It has been found that, when either of these strains 
18 grown on Czapek Dox 6 % glucose solution, the 
yellow-orange culture filtrate after 28-30 days’ 
mcubation at 24° shows a marked antibacterial 
activity agamst Staphylococcus aureus Aeration of 
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the clear cultvire filtrate (pH 5 0) from strain Ag 112 
leads to the deposition of an orange red nucro 
crystalline precipitate of crude fuscin, C15H10O5 , £ind 
the disappearance from the culture filtrate of most 
of its antibacterial activity It lias been proved that 
m this case the freshly prepared culture filtrate con 
tains a mixture of fuscm with considerably larger 
amounts of its reduction product, dihydrqfwcin, 
CijHijOj, which on aeration is oxidized by an 
enzyme system to fuscm Stram Camb 111 behaved 
rather differently, smce eieration of its culture filtrate 
(pH 6 2) led to no deposition of fuscm However, on 
acidification and ether extraction of this culture 
filtrate, fuscm was readily isolated and purified 
The isolation of fuscm and its reduction product 
dihydrofuscm from cultures of the same stram of 
Oidiodendron fuscum lends further support to the 
growmg behef that metabohc products of this type 
play somepartinthe oxidation reductionmechamsm 
of the moulds which produce them Thus, from 
culture filtrates of Aspergillus fumtgattis Hresemus, 
Anslow &, Haistnek (1938) isolated fumigatm, 3 
hydroxy 4 methoxy 2 6 toluqumone and the corre- 
sponding qumol, 3 hydroxy 4 methoxytoluqumol , 
Postemak (1939) obtamed the substituted ditolu 
qumone, phoemcm, €md its leuco derivative tetra- 
hydrophoemcm from PenunUtum rvhrum Gras 
berger StoU, Ashley, Ictaistnck & Richards (1939) 
found that certam species m the AspergiUua glaucus 
senes produce, along with physcion, 4 6 dihydroxy 
7 methoxy 2 methylanthraqumone, two reduction 
products of physcion, 1 e the anthranols 4 6 di 
hydroxy 7 methoxy 2 methyl 9 anthranol and 4 6 
dihydroxy 7 methoxy 2 methyl 10 anthranol, and 
Ashley & Raistnok (1938) separated from the 
mycelium of Hdrnvnthosportum leerstt Atkmson 
yellow luteoleersm, Cj,H,gO, , and its colourless re 
duction product alboleersm, Cj8H4(,0, All these 
qumonoid metabohc products and their corre 
spending leuco denvatives have been shown to be 
mterconvertible 

Pusem crystallizes m bnlhant orange diamond 
shaped plates, m p 230° Its chemistry and its 
denvatives and breakdown products, a number of 
which have been prepared, 's^l form the subject of 
a future communication Hence it will suffice here 
to state that it has many properties suggestive of 
a qumonoid structure Thus it readily subhmes un- 
changed m a lugh vacuum , it dissolves m alkahs with 
the formation of mtensely purple coloured salts, it 
18 easily reduced to colourless dihydrofuscm by cold 
aqueous sodium hyposulphite or catalytically by 
hydrogen m the presence of a palladium catalj^st, 
conversely, dihydrofuscm is readilj^ reoxidized to 
fuscm by aeration of its solution m pH 9 2 buffer 
Fuscm has marked antibacterial activity, parti 
cularlv against all the Gram positivn bacteria tested, 
the growth of which it completely mlubits at con 
Bioohem 1048, 43 


centrations of 1 80,000 to 1 1,280,000 It is much 
less active against Gram negative organisms V tbrto 
cholerae was inhibited at 1 80,000, six other species 
at 1 5000 to 1 10,000, but four species, mcludmg 
two of Salmonella and two of Shigella, were not com 
pletely inhibited even at concentrations of 1 6000 
Two species of mycobacteria were inhibited at 
1 10,000 and 1 20,000, while it was mactive against 
a third species 

Several antibiotics, notably pemcifim, strepto 
myem emd patulm, are mhibited m the presence of 
thiol compounds, but the nature of this inhibition 
18 not yet clearly understood When a slightly alkahne 
solution of fuscm is treated with thioglycolhc acid 
the imtial mtensely purple colour of the solution 
qmckly disappears Subsequent acidification of the 
almost colourless solution leads to the deposition of 
a microcrystallme precipitate winch, on crystalli- 
zp,tion from hot water, gives colourless needles, 
m p 200°, the analjrsis of which corresponds to 
a complex of 1 mol fiisom -(- 1 mol thioglycoUio 
acid 4-1 mol water It is perhaps somewhat sur- 
pnsmg that the conversion of fuscm mto this com- 
plex causes little change m its smtibactenal spectrum 

EXPERIMENTAL 

Cultures 

Fuscm was prepared finm two different strains of Oulio 
(iendron fuscum Robak They bear the London School of 
Hygiene and Tropical Mediome (L S H,T II ) catalogue 
numbers Ag 112 and Camb 111 Stram Ag 112 was used 
exclusively for the bulk production of fuscm 

Strain Ag 112 was isolated by the late J H V Charles 
m April 1928 firom guncotton m the research laboratories 
of Nobel’s Explosives Co Ltd , Ardeer, Scotland. 

Strain Camb 111 was isolated by Dr Alan Burges, School 
of Botany, Cambndge m October 1946 from the surface 
humus m a pme plantation at Waugford Warren, near 
Brandon 

Both strains were identified by my colleague, Mr George 
Smith, who reports that ‘growth is very slow, grey to 
fuscous, powdery, with some duty brown pigment m the 
medium (Smith, 1946) ’ 

Cultural conditions 

A volume of 360 ml Czapek Doi solution (glucose, 60 g , 
NaNO„ 2 0 g , KHjPOi, 1 0 g , KCl, 0 6 g , MgSO^ 7H,0, 
0 6 g FeSOj 7HjO, 0 01 g , distUled water, 1 L) was 
measured mto each of a number of 1 1 comcal flasks, and 
sterilized The medium was moculated with a heavy spore 
suspension prepared from 3-4-week cultures of 0 fuscum 
stram Ag 112 grown on Czapek Dox agar slopes Batches 
qf 100 such flasks were incubated m the dark at 24° and 
wefre harvested after 28-30 days, when the surface of the 
mould mycehum was grey m colour, the reverse almost 
black, and the culture flmd orange to reddish brown 
Cryat^ of fuscm were sometimes observed m or on the 
mycehum of older cultures (5-6 weeks) 


34 
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Isolation of fuscin from the culture fluid 

The culture fluid ivas separated by filtration from the 
mycehum The culture filtrate (33-34 1 ) still contamed from 
2 8 to 3 0 % of glucose, had almost invanahly a pH of 6 0 
and completely inhibited the growth of Staphylococcus 
aureus at a dilution of 1 80 m 2 % glucose broth after 24 hr 
incubation The filtrate, initially clear and orange m colour, 
although it was qmte stable in the absence of an, gradually 
changed on exposure to an either at room temperature or 
even after chilling, to a dark brown and in the course of 
a few hours an orange red precipitate of omde fuscm began 
to separate It will be shown later that the culture filtrate, 
before exposure to an, contamed a mixture of fuscm with 
a much larger amount of its reduction product, dihydro 
foscm Smce dibydrofasom is relatively unstable because 
of the readmess with which it is oxidized to fuscm, the 
stable qumonoid form, the foUowmg procedure was adopted 
for isolation. The culture filtrate was distributed equally 
between four 10 1 bottles A vigorous stream of an was 
passed through the bottles for 10 hr at room temperature, 
and after standing overnight the resulting precipitate was 
separated by filtration through a layer of kieselguhr, 
washed well with water and dned. The omde material 
consisted of lens shaped, microscopic, orange brown crystals 
The filtrate, now very dark, contamed very httle fusom and 
was discarded 

The omde fusom was purified by extraction of the dned 
fuscm kieselguhr powder with hoUmg ethanol (1300- 
1400 ml /lOO flask hatch) On coohng the ethanol solution 
after filtration from the kieselguhr, almost pure fusom 
separated m shining, orange red, diamond shaped plates 
which were filtered ofi^, washed with ice cold ethanol and 
dned Evaporation of the ethanoho mother hquors and 
washings to about 76 mL yielded a second crop, usually 
about 1 g /batch, of crystaJlme fuscm, of almost equally 
good quahty 

In aU, 26 hatches of 100 flasks each were prepared and 
yielded a total of 242 g of crystaUme fusom (first and second 
fractions comhmed) which corresponds to an average yield 
of 9 68 g /hatch or 0 316 g /I of culture filtrate The 
maximum yield m any one hatch was 12 4 g and the 
minimum 7 86 g 

IscJatton of fuscin from Oidiodendron ftuscum, strain Camb 

111 Ten 1 1 flasks, each containing 360 ml of Czapek Dox 
solution, were moculated with 0 fuscum, stram Camb 111, 
and mouhated at 24° When the flasks were harvested after 
21 days they appeared very similar to those of stram Ag 

112 The ’mycehum was grey with a dark reverse The 
yellowish brown culture filtrate had the following char 
actenstics residual glucose, 3 2%, pH, 6 2 , completely 
inhibited the growth of Staph aureus at a dilution of 
1 320 

The culture filtrate was vigorouslv aerated, but, unlike 
that from stram Ag 112, no precipitate was formed The 
filtrate was therefore made acid to congo red with HCl and 
extracted -with two portions of ether each of 750 ml On 
removal of the solvent from the orange brown extract there 
remamed 0 66 g of a brown powder which was crystaUized 
from hot ethanol The resultmg orange crystals had aU the 
properties of fuscm from stram Ag 112, eg mp and 
mixed m p 230°, identical colour reactions with ethanoho 
FeClj and with aqueous alkalis, and similar antibacterial 
activity against Staph aureus 
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Isolation of chhydrofusctn from culture filtrates of Oidio 
dendron fuscum, strain Ag 112 The contents (about 2 3 L) 
of seven 1 1 flask cultures of 0 fuscum, stram Ag 112, 
28 days old, wore filtered qmokly on a Buchner funnel 
directly mto cone HCl (100 ml ), and all subsequent opera 
tions were earned out, as far as possible, m an atmosphere 
of nitrogen The acid filtrate was extracted three times with 
600 mL portions of ether The comhmed ether extracts were 
concentrated to 10 ml and chilled overnight The resultmg 
crystals were collected and recrystalhzed from ether yieldmg 
0 13 g of buff coloured pnsms, m p 204°, not depressed on 
admixture with dihydrofuscm, m p 206°, prepared by the 
reduction of fuscm (seep 631) The comhmed mother hquors 
3nelded on evaporation a further crop of crystals consisting 
of a mixture of colourless dihydrofuscm and orange fuscm 

The oxidation of dihydrofuscm to fuscm by aeration of 
culture filtrates of 0 fuscum, stram Ag 112, appears to be 
effected bv an enzyme system Such a filtrate, 100 ml of 
which gave a good precipitate of fuscm on direct aeration, 
afforded no fuscm when treated as follows (a) 100 ml were 
brought to the bod m an atmosphere of Nj, cooled and 
aerated for 16 hr , (6) 200 mL were acidified with cone HCl 
(10 ml ), kept overmght and then carefully readjusted to 
pH 6 0 with cone aqueous KOH, and vigorously aerated 

Similarly, aeration of suspensions of dihydrofascm 
(20 mg ) m acetate buffer solutions (100 mL) of either 
pH 6 0 or 6 0 failed to yield fusom, both the buffer solutions 
and the undissolved crystals remammg colourless 

Analysis and general properties of fusom 

Fuscin was prepared for analysis by repeated reorystal 
hz&tion from ethanol and was finally obtained in brdhant 
orange diamond shaped plates, m p 230° It subhmes m 
a high vacuum at 160-180° without decomposition (Pound 
C, 65 0, 64 9, H, 6 9, 6 7, N, S, a, OCH3, ml, active 
hydrogen m pyndme, 0 38, m anisol, ml, G — CH,, 10 2 
CjjHjeOj requires C, 65 2, H, 6 8, 1 active hydrogen atom, 

0 36, 2a— CH„ 10 9% ) 

A molecular weight determination by the depression of 
the meltmg pomt of camphor failed owmg to decomposition 
Dr W H. Taylor, Department of Physics, Umversity of 
Manchester kmdly earned out an X ray analysis He 
reported as follows ‘ The umt cell of the crystal was found 
to be 1102, and the mol wt was calculated from this as 
1102/2=551 or 1102/4=276 The symmetry of the crjstal 
18 such that it was not possible to decide between the two 
alternatives ’ CijHuOj requires a mol wt of 276 and this 
value was confirmed by molecular weight determinations 
on denvatives of fusom 

Fusom IS soluble m chloroform, acetone, hot ethanol, 
ethyl acetate, and acetic acid, moderately soluble m ether 
and benzene, shghtly soluble m cold ethanol, and almost 
insoluble m light petroleum and water It is readily soluble 
m aqueous alkalis (NH3 , NaHCOj , NajCOj and NaOH) with 
the formation of an mtense purple colour, and m aqueous 
pyndme with a purple blue 'colour A 1 % solution m 
chloroform showed no rotation ma 1 dm tube An ethanoho 
solution of fuscm gives a purphsh red colour with ethanohe 
FeClj It IB soluble m cold cone HjS04 with the formation 
of a greenish yellow, not very mtense, colour An ethanohe 
solution does not give a precipitate with Brady’s reagent, 
nor does an acetone solution restore the colour to SchifFs 
reagent With ethyl oyanoacetate m ethanohe NH, no blue 
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colour IS developed, but only the purple colour which fuacm 
gives with any alkahrThe purple colour changes to orange 
broivn in the course of half an hour 

Preparation of diJiydroftisoinfromfnscin 

(a) By ndudton mth sodium hyposulphite A solution of 
fuscin (20 g ) in chloroform (1600 mL) was shaken Yigorously 
with a solution of NajSjOi (200 g ) m water (1 1 ) When the 
ongmal orange colour had disapjieared completely the 
chloroform solution was washed once with a httle freshly 
boiled out water and evaporated to dryness in an atmosphere 
of Nj The dry residue was orystaUized from ethanol 
(120 ^ ) yielding dihydrofuscm (16 4 g ) as colourless 
rhombic drystals, m p 206° (I'ound C, 64 3, 64 2, H, C 0, 

6 7 CnHjgOs requires C, 64 7 H, 6-6% ) 

(5) By catalytic reduction A solution of fusom (0 5 g ) m 
glacial acetic acid (100 ml ) was reduced by shakmg m an 
atmosphere of Hj with a catalyst prepared from PdCSj 
(62 g ) and nonte charcoal (0 6 g ) Reduction was com 
plete m 6 tthti when 46 4 mL (corr ) of H, were absorbed 
Theory for uptake of 1 mol H, =40 6 ml The colourless 
solution was separated from the catalyst by filtration and 
evaporated to dryness in vacuo The residue, crystallized 
from dry ether, gave colourless, thick, irregular tablets, 
wt 0 30 g , m p 206° alone or m admixture with dihydro 
fusom prepared by method (a) above Adams & Shrmer’s 
(1923) platmum oxide catalyst similarly gave dihydro 
fusom, no further reduction bemg effected 
Dlhydrofnsom is moderately soluble m ethanol or ether 
and IS almost insoluble m light petroleum or water Its 
ethanoho solution gives a red colour with FeClj 

Preparation of fuscin from dihydrofuscin 

When suspensions of dihydrofuscm m buffer solutions of 
pH 8 or below are aerated, there is little evidence of 
oxidation At pH 9 or above oxidation is rapid and appears 
to bo accelerated by concentrations of FeS 04 equal to those 
present m Czapek Dox solution The optimum conditions 
are as follows Dibydrofusom (0 1 g ) was suspended in 
0 05m sodium borate buffer solution, pH 9 2 (10 ml ), con 
tammg 0 1 ml of a 0 1 % h'eS 04 7H,0 solution The di 
hydrofusom qmckly dissolved with the formation of a dark 
purple solution which was vigorously aerated for 3 hr , and 
acidified with 2ii HCl The resultmg orange flocculent pre 
cipitate (70 mg ), on crystallization from ethanoL gave 
typical orange plates, m p 230° alone or m admixture with 
authentic fusem 

Compound of fuscin vnth thioglycoUic acid 

f^ioglycolho acid (0 5 mL of 90%) was added to a 
solution of fusem (0 24 g ) m water (20 ml ) and 0 1 s NaOH 


(60 ml ) The mitial purple colour disappeared at once and 
a pale yoUow solution, pH 6 0, resulted Four drops of 
2ir HCl were now added and colourless needles qmckly 
began to crystallize After ohilhng overnight they were 
collected, washed and dried, wt 0 29 g , m p 193° after 
shnnkmg at 120° Recrystalhzation of 0 2g finm hot 
water (60 ml ) yielded 0 13 g of colourless needles, m p 200° 
(Found (u) on different samples of crystals, mp 193°, 
C, 62 8, 62 8, H, 6 8, 6 2, S, 8 2, 9 2, (6) on crystals, m p 
200°, C, 62 6, H, 5 2, S, 8 7 OnHaCjS, le CisHi,Os + 
C.H 40 jS+HjO, requires C, 62 8, H, 6 8, S, 8 3% ) The 
compound is shghtlv soluble m cold and readily soluble m 
hot water It also dissolves readily m 0 06m phosphate 
buffer, pH 8 0, to a colourless solution When dissolved m 
an excess of 0 1 N NaOH under conditions ensuring rigid 
exclusion of Oj, a strong purple colour developed at on6e, 
but attempts to isolate fusom, after acidification, failed 
Much of the substance was recovered unchanged It is 
remarkably stable towards acids Thus 0 2 g suspended m 
65ii HCl (20 mL) was boded under reflux for 6 hr m an 
atmosphere of N, The solution remamed colourless and 
0 16 g of unchanged matenaL m p 200°, was recovered 
fixim the cooled solution 

SUMMARY 

1 Tlie preparation, from culture filtrates of two 
different strains of the microfungus Oidiodendron 
fuscum Robak, of a hitherto unreported mould 
metaboho product /tzsctn, CisHje'Oj, orange plates, 
m p 230°, IS described 

2 It IS acoompamed m the culture filtrates by its 
reduction product dihydrofuscm, CuHijOg, colour- 
less rhombic crystals, mp 206° These two com 
pounds, which are readily mterconvertible, account 
for the greater part of the antibacterial activity of 
culture filtrates of 0 fuscum 

3 The general properties of fusem and dihydro 
fusem are described Fusem has many properties 
suggestive of a qumonoid structure, and dihydro 
fusem those of the correspondmg qumol 

4 Fusom forms a stable crystallme compound 
with thioglycolhc acid, havmg the molecular formula 
^ivU-szOgS, 1 e CjgHjjOj + CjH^OjS -t-HjO 

The author offers his best thanks to The Therapentic 
Research Corporation of Great Bntam Ltd for a grant 
enabhng him to carry out this work, and to Dr W H 
Taylor, Department of Physics, Umversity of Manchester, 
for the determination of the molecular weight of fusem by 
X ray analysis 
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Appendix Antibactenal Activity of Fuscin 

By SIDONIE aiABCUS 

Dimeion of Biochemistry, London School of Hygiene and Tropical Medicine, University of London 


METHODS 

A sterile 1 2500 solution of fuscin was prepared by dia 
solving fuscm (12 mg ) m 0 lu NaOH (1 mL) and ddutmg 
■witb stenle phosphate buffer (4 ml of pH 7 0) and sterile 
water (25 ml ) The dear, mtensely purple solution was 
mixed with an equal volume of stenle 2 % glucose broth, 
the pH of the resulting solution bemg 7 6 Successive two 
fold ddutions were made m 2 % glucose broth givmg a range 
of concentrations of fiisom of 1 6000, 1 10,000, 1 20,000 
up to 1 1,280,000 All the bactena bated m Table 1 were 
tested on this medium except Vtbrto cholerae, m which case 
the 2% glucose was omitted from the medium The senal 
dilations were quickly inoculated with I loopfnl of an 
undiluted 24 hr culture bf the desired micro orgamsm 
Growth readings were taken after 24 hr monbation at 37° 
m all cases except Corynebactenum dtphthenae (48 hr ) and 
the mycobaotena (72 hr ) 

A stenle solution of fuscm thioglycoUio acid was prepared 
by dissolving 33 mg of the pure crystaUme compound 
(see p 631) m stenle water (60 mL) and stenle 0 06 m phos 


phate buffer (10 ml of pH 7 O) The resultmg almost colour 
lees solution, corresponding to a concentration of 1 m 2600 
of uncombmed fuscm, was used for makmg senal dilutions 
m stenle 2% glucose broth These were moculated with 
ten species or strains of micro organisms, incubated at 37° 
and growth readings were taken after 24 hr 

RESULTS 

Fuscin The growth of all the eighteen species or 
strains of Gram positive bacteria tested was com 
pletely inhibited by fuscm, at concentrations varymg 
from 1 80,000 to 1 1,280,000 Of the Gram 
negative bacteria it completely inhibited the growth 
of Vtbrto cholerae at a concentration of 1 80,000, but 
SIX other species or strains were only inhibited at 
concentrations of 1 6000 to 1 10,000, and it was 
without appreciable effect on Shigella flexnen Type 
Z, S sonnei. Salmonella paratyphi B and Salm 
enterUidis Gartner It was completely active agamst 


Table 1 Bacteriostatic power of fuscin against two species or strains of Mycobacterium, 
eleven of Oram negative and eighteen of Oram positive micro organisms 


Micro organism 

Salmonella ententidis (Q&rtner) 

Salm paratyphi B 
Shigella flexnen Type Z 
S sonnet 
Escherichia colt 
E coll 

Salmonella typhi 
Proteus vulgaris 
Shigella shtgae 
Salmonella typhi munum 
Mycobactenum phlei 
Myco smegmatis 
Vibno ckderae 
Bacillus subtilis 
Staphylococcus aureus 
Staph aureus 
Staph albus 

Corynebactenum dtphthenae grams 
Staphylococcus aureus 
Staph aureus 
Staph aureus 
Bacillus anthracis 

Corynebactenum diphthenae intermedius 

C diphthenae mitis 

Staphylococcus aureus 

Staph aureus 

Streptococcus vindans 

Strep pyogenes Griffith Type 1 

Bacillus anthracis 

Staphylococcus aureus 

Staph cxtreus 


Catalogue no (National 
Collection of Type 
Cultures or of London 


Limiting dilution 
for inhibition of growth 


ihool of Hygiene and 
Tropical Mediome) 

1 

Complete 

A ^ 

Partial 

NCTC 126 

— 

6,000 

NOTC 14 

— 

5,000 

LSH 

— 

6,000 

LSH 

— 

6,000 

LSH 

6,000 

10,000 

NCTC 86 

6,000 

— 

NCTC 2128 

6,000 

— 

NCTC 6887 

6,000 

10,000 

NCTC 4837 

10,000 

— 

NCTC 74 

10,000 

20,000 

NCTC 625 

10,000 

20,000 

NCTC 623 

20,000 

— 

NCTC 1633 

80,000 

160,000 

LSH 

80,000 

160,000 

NCTC 4736 

80,000 

320,000 

NCTC 3093 

80,000 

320,000 

NCTC 3266 

80,000 

320,000 

LSH 

160,000 

640,000 

NCTC 3760 

320,000 

— 

NCTC 4163 

320,000 

640,000 

L S H 2 

320,000 

640,000 

NCTC 5444 

320,000 

640,000 

LSH 

320,000 

640,000 

LSH 

320,000 

1,280,000 

LSH 1 

640,000 

1,280,000 

NCTC 3095 

640,000 

1,280,000 

NCTC 3166 

640,000 

1,280,000 

NCTC 2432 

640,000 

1,280,000 

LSH 

1,280,000 



NCTC 3761 

1,280,000 

— 

NCTC 2301 

1,280,000 
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Mycobacienum smegmatis at a concentration, of 
1 20,000 and Myco phlei at 1 10,000 but -was com- 
pletely inactive against an unidentified species of 
Mycobactenum not fisted in Table 1 

Fuscin thtoglyColltc acid The results obtamed are 
summarized in Table 2 They indicate that, 
m general, the conversion of fuscm mto its 
thioglycoUic acid derivative caused a remark- 
ably small change m its antibacterial spectrum, 
cf Table 1 
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SUMMABY 

1 Fuscm is a somewhat powerful antibacterial 
substance, being particularly active against Gram- 
positive bacteria, but much less ^lctl\e or sub 
stantiaUy inactive against mycobacteria and Gram 
negative bacteria 

2 The conversion of fuscm mto its thioglycolfic 
acid derivative causes a remarkably small change m 
its antibacterial spectrum 


FUSCEtSl" FROM OIDWDENDRON FUSCUM 


1 

Table 2 Antxbacienal acttvUy of fuacin thioglycoUxc actd 

Lumtmg dilutioii 
for inhibition of growth 


Micro organiBm 

Catalogue no 

Coniplete 

Partial 

Escherichia coli 

NCTG 86 

— 

6,000 

Proteus vulgans 

NCTG 6887 

5,000 

— 

Yibno cholerae 

NCTC 1633 

20,000 

80,000 

Bocillas ffubUlw 

LSH 

40,000 

Staphylococcus aureus 

Staph aureus 

NCTC 3093 

LSH 2 

40,000 

40,000 

160,000 

80,000 

Staph aureus 

Oxford H 

160,000 

320,000 

Staph aureus 

LSH. 1 

160,000 

320,000 

Bacillus anthrads 

NCTC 6444 

640,000 

1,280,000 

Corynebacierium diphthenae mxtis 

LSH 

640,000 

1,280,000 
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Metabolism of Fluprene in the Rabbit 

By W J P NEISH, Department of Pathology and Cancer Research Laboratories, University of Sheffield 

{^Received 3 May 1948) 


The metabolism of the hydrocarbon fluorene does 
not appear to have been exammed previously, 
althougli the compound has been mvestigated for 
caromogemo activity in skm pamtmg experiments 
■with mice (Bloch, 1922, quoted by Kennaway, 1930, 
Twort <5t Fulton, 1930) and more recently m feedmg 
e-qieriments with rats (Wdson, De Eds & Cox, 1947) 
Tlie results of these e-ypenments led to the con 
elusion that fluorene is not caremogeme The high 
carcmogenic potency of 2 acetamidofluorene is now 
well established, as may be seen from the review by 
Bielscliowskj’^ (1947), but the only publication which 
liQS appeared to date concemmg the metabolism of 
this earemogen is that of Bielachowsky (1946) who 
shovedthat the metabolite, 7 hydroxy 2 acetamido 
fluorene, may be isolated from the unne of rats fed 
2 acetamidofluorene 

In the course of further studies of the metabolism 
of 2 acotaimdofluorene m rabbits an mvestigation 
lias made concemmg the fate of fluorene m these 
animals with the pnmarj object of deter minin g 
n hetlier the reactii o 9 methylene group of this com 
pound could undergo any change durmg the passage 


of the hydrocarbon through the animal body This 
work might lead to a better insight mto the meta- 
bolism of the related amme earemogen It was also 
of mterest to see if fluorene is metabohzed by rabbits 
according to the hydroxylation mechanism which 
has been found to play a part m the detoxication 
of a number of caremogeme and non caremogeme 
polycychc hydrocarbons Adequate reviews of this 
detoxication mechanism have been given by Boyland 
& Weigert (1947) and by WiUiams (1947), only one 
example will be quoted here Young (1947) found 
that the urme from rats mgestmg naphthalene con- 
tamed the diol, 1 2 ddiydroxy-l 2 chhydronaph- 
thalene, wluch yielded a naphthol on mild acid 
hydrolysis, and Bourne &, Young (1933) showed that 
naphthalene m man and dog gave rise to a naphthol 
and the glucuromde of this compound These results 
are m accord -with the views of Fieser (1941) that 
the detoxication reaction mvolves primarily the 
additi oh of the elements of hydrogen peroxide to the 
hydrocarbon molecule m a perhydroxylation re- 
action giving rise to diols which are usually unstable 
and which pass over mto phenohe compounds by 
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loss of water from the diol groupmg With regard to 
the positions m the hydrocarbon nucleus at which 
in vtvo hydroxylation occurs the mterestmg obser- 
vation was made by Berenblum & Schoental (1943) 
that benzanthracene and dibenzanthracene are 
metahohcally attacked (hydroxylated) at pomts 
where sulphonation of these hydrocarbons occurs 
tn vitro, and Bielschowsky showed that t,hiB rule 
apphed to 2 acetamidofluorene which is metabolized 
by rats to the 7-hydroxy compound, 2 ammofluorene 
hemg sulphonated tn vitro at position 7 accordmg to 
Courtot (1930) 

Although no evidence has been found that the 
reactive methylene groupmg of fluorene is attacked 
in mvo it has been shown that 2 hydroxyfluorene and 
a compound which analyzes correctly as the glucu- 
romde of this phenol can be isolated from the urme 
of rabbits mgestmg fluorene 

EXPERIMENTAL 

Malenala and methods The fluorene sample employed m 
this work was obtained by crystallizmg a commercial 
fluorene preparation fium ethanol It melted at 113° For 
an experiment m which 2-hydroxyfluorene was fed to a 
rabbit, this phenol (m p = 168°) was prepared from 2 ammo 
fluorene accordmg to the method of Diels (1901) 

The detection and identification of fluorene denvatives 
ocourrmg m the nnne of rabbits mgestmg fluorene com- 
pounds was facflitated by means of sensitive colour 
reactions given by traces of fluorene denvatives when 
these are treated with drops of a solution of p dimethyl 
ammobenzaldehyde (6 % w/v) m cone HjSO^ These colour 
reactions are desonbed m the text and the use of the 
reaction wdl be discussed more folly m another communi 
cation All melting pomts are nneorreoted Carbon and 
hydrogen analyses were earned out by Drs Weiler and 
Strauss (Oxford) 

RESULTS 

Tolerance of the rabbit to fluorene A female rabbit 
which had not been used for any other experiment 
was mamtamed on a stock diet consistmg of oats 
(1 part), sharps (1 part), bran (2 parts) and milk 
powder (2 parts) The animal received 70 g /day of 
this diet m which was mcorporated 260 mg of 
fluorene, the diet bemg mixed thoroughly with the 
addition of water 100 g of cabbage was fed daily 
The animal received 1 6 g of fluorene (at 260 mg / 
day) and 10 days after this experiment it received 
1 g of fluorene at the same dosage level/day The 
animal gamed m weight over the period of the 
experiment 

In another experiment m wluch a male rabbit 
(mitial weight, 2120 g ) was fed fluorene at the level 
of 260 mg /day m 70g of stock diet for 20 con- 
secutive days an mcreasem body weight of 400 g was 
observed over this period The animal appeared to 
be m good health and 2 montlis after the end of the 
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experiment it weighed 2460 g It would appear 
then that rabbits tolerate fluorene well and that 
mgestion of the compound for short periods at 
least has no serious effect on the health of the 
animals 

The animals receiving fluorene were kept m 
metabohsm cages, the urme bemg collected daily 
and preserved with chloroform m a refrigerator The 
urme contamed appreciable amounts of phosphate 
and gave a positive ToUens test for glucuromc acid 
When several drops of the urme were placed m a 
depression m a glazed white tile and treated with 
0 26 ml of p dunethylammobenzoldehyde reagent 
a bright purple pmk coloration developed which soon 
changed to green on standing This colour reaction 
mdicates the presence of fluorene derivatives, 
normal rabbit urme giving no purple colour with the 
reagent 

Isolation of 2-hydroxyfluorene In an experiment 
m which 1 75 g of fluorene was fed to a rabbit at the 
rate of 260 mg /day, 900 ml of urme were collected. 
The urme, which was alkahne, was divided mto three 
portions of 300 ml , each of which was extracted five 
tunes with 100 ml of ether To obtam a satisfactory 
separation, the ether urme emulsions were centri- 
fuged and the combmed ether extracts were dried 
over anhydrous Na^SO^ The ether extract was con- 
centrated to 10 ml , poured mto a smaU flask con 
tainmg about 16 ml of water and the flask warmed 
carefully imtil aU the ether had been expelled Sohd 
material separated givmg a purple coloration when 
treated with a drop of 6 % (w/v) p dunethylammo 
benzaldebyde m concentrated sulphuric acid The 
same colour reaction was given by synthetic 2 
hydroxyfluorene The sohd product was filtered and 
dried at the pump It was then shaken thoroughly 
with cold dilute caustic soda solution to dissolve as 
much of the product as possible, and filtered The 
dark coloured filtrate was acidified with concen- 
trated hydrochloric acid and the resultmg crude 
brown precipitate was washed with water and dried 
at 37° This product (100 mg) was crystallized 
several tunes from water m the presence of activated 
charcoal, and a white substance (40 mg ) was 
obtamed which, after drymg, had mp 167-168°, 
and mixed m p 168° with a sample of synthetic 
2 hydroxyfluorene (Found C, 86 63, H, 6 64 
Calc for CisHioO C, 85 67 , H, 6 56 % ) 

About 30 mg of biosynthetic 2 hydroxyfluorene 
was dissolved m dilute NaOH and the solution 
treated with a drop of dimethyl sulphate The white 
precipitate winch appeared after atime was collected 
and crystallized from ethanol water It melted at 
100—104°, mixed m p 104° with 2 methoxy fluorene 
mp 104° (Werner, 1902, gives 106-108°), prepared 
by treating synthetic 2 hydroxyfluorene with di 
methyl sulphate Both specimens of methoxy com 
pound gave the same mk blue coloration when traces 
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were treated with a drop of p dunethylamino 
benzaldehyde reagent The colour developed is 
quite distinct from the purple colour given by 
2 hydroxyfluorene m this test Pure samples of 
2 hydroxyfluorene and 2 methoxyfluorene gave 
no colour reaetion with concentrated HjSO^ only 
Isolation of a glucurontde The urme winch had 
been freed from 2 hydroxyfluorene by ether ex 
traction was acidified with concentrated hydro 
chlonc acid, about 20 ml of acid bemg added to 
300 ml of urme (shghtly more acid than is reqmred 
to make the urme acid to Congo red) Ether ex 
traction was performed as described for the a lkalin e 
urme, but the extraction was mcomplete amce ether 
soluble orange coloured material could stiU bo 
obtamed by further extraction of the urme with 
ether The ethereal extract was orange red m colour 
and after removal of the ether a dark red oil was 
obtamed A small amount of this oil gave a good 
ToUens reaction for glucuromc acid The red oil was 
suspended m about 10 ml of water and the sus 
pension boiled m the presence of activated charcoal 
On coohng the filtrate, white needles separated 
After two more crystallizations of this material 
from water, the colourless filtrate yielded fine long 
wlute needles on cooling This product, which gave 
a positive reaction for glucuromc acid, was dried at 
37“ overmght It melted at 214-216“ The com 
pound aniyzed as the dt hydrate of fluorene 2 
glucurontde 

(Found C, 68 1, H, 6 67 CisHigO, 2H2O requires 
C, 67 84, H, 6 63 % ) After drying tn vacuo at 100“, 
anhydrous fluorene 2 glucurontde was obtamed 
(Found C, 62 36, H, 6 46 CuH^gO, requires C, 
63 66, H, 6 07 % ) When traces of the material were 
treated with a drop of concentrated sulphuric acid 
the crj’stals became dark green, and after mixing 
vith a glass rod black particles were observed m 
a pale green solution With a drop of p dimetliyl 
ammobenzaldehyde reagent the crystals became 
bright purple blue (reminiscent of the purple solu 
tion given by 2 hydroxyfluorene with the aldehjde 
reagent) finally yieldmg black particles in pale 
purple sulphuric acid medium 

Continuous extraction of acid urine Very satis 
factory yields of the glucuromde w ere obtamed w hen 
300 ml of acidified urme (premouslj extracted when 
alkalmo to remove 2 hydroxjfiuorene) were sub 
jected to contmuous extraction with ether in a 
Ixutschor Stoudel apparatus After se\ eral hours, 
long vhite needles separated on the walls of the 
extraction flask just abo\e the lex el of the boilmg 
other, and withm 16-20 hr , qmte a large amount of 
fairh pure glucuromde was obtamed The product 
vas remoxed from the flask and after one crxstal 


hzation from water and drymg overmght at 37“ was 
obtamed as fine long white needles melting at 
214-216“ The yield of pure compound was lOOmg 
It was sparmgly soluble m ether, insoluble m benzene, 
shghtly soluble m ethanol, and qmte soluble m 
dilute sodium carbonate On drying m vacuo at 100“ 
to constant weight, 3 908 mg glucuromde lost 
0 266 mg (6 6 % H3O) Theoretical loss for IHjO, 
4 8%, for 2H2O, 9 1 % The compound analyzed as 
e, hydrate of fluorene-2 glucurontde (Found C, 69 92, 
H, 6 92 CijHigO, l^HjO reqmres C, 69 1 , H, 
6 46 % ) After drying to constant weight ^n vacuo 
fluorene-2 glMCurontdewasobtamed (Found 
C, 63 62, H, 6 24 CjgHigO, requires C, 63 66, H, 
6 07 % ) The compound appears to have a low 
specific rotation 6 ml of a solution of the glucu 
romde dihydrate (6 mg /ml ), prepared by diaaolxung 
the glucuromde m a solution of sodium carbonate 
contammg sufficient alkah to form the monosodium 
salt, gave m a 1 dm tube a very small laevorotation 
( — 0 06“) There can be httle doubt that the com 
pound 18 the dihydrate of the glucuromde of an 
hydroxyfluorene which is thought to be the 2 
hydroxy compound Unsuccessful attempts have 
been mode to isolate this phenol from the products 
of acid hydrolysis of the glucuromde It is thought 
that hydrolytic products of the glucuromde are 
condensmg xvith hydroxyfluorene at the 9 methylene 
group thus preventmg isolation of the hydroxy- 
fluorene 

A note on the metabolism of 2 hydroxyfluorene 
in the rabbit 

In the hope of obtammg a glucuromde of 2 
hydroxyfluorene for comparison xnth the glucuromde 
isolated from the urme of rabbits mgestmg fluorene, 
it was decided to examme the metabohsm of 2 
hydroxyfluorene fed at the level of 260 mg /day m 
70g stock diet to a male rabbit The animal tolerated 
the material well and m the course of 10 days, durmg 
which time it mgested 2 6 g of 2 hydroxyfluorene, 
it steadily gamed m weight from 1670 to 1840 g 
Fme days after the experiment was terminated the 
rabbit weighed 1980 g The urme from this anima l 
gax e a positive Tollens reaction and when 0 26 ml 
of urme was treated xvith 0 25 ml of p dimethyl 
ammobenzaldehyde reagent the bright purple colour 
characteristic of 2 hydroxyfluorene was obtamed 
M ith cone HjSO^ only the urme gav e no coloration 
2 Hydroxjffiuorene could be isolated readily from 
the alkalme urme by ether extraction, but no solid 
glucuromde separated from the acidified lume (20 ml 
cone hx'drochloric acid/300 ml urme) submitted to 
contmuous extraction xntli ether The ether extract, 
howex er, gax e a positix'e reaction for glucuronic 
acid It would appear that 2 hydroxyfluorene is 
excreted for the most part unchanged Certamly 
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there is very httle conjugation with glucuronic acid 
The unne was not examined for the presence of 
ethereal sulphates 

A'note on the occurrence of fluorene %n faeces 

About 40 g of faeces were collected from a rabbit 
which was receiving 260 mg fluorene/day The faeces 
were allowed to dry at room temperature for several 
days and then ground to a powder with an equal 
weight of anhydrous sodium sulphate The powder 
was ground under ether repeatedly and after each 
extraction the ether was filtered off, the combmed 
ethereal extracts concentrated, dried over anhydrous 
sodium sulphate and evaporated to dryness The 
dark green residue was taken up m hght petroleum 
(b p 40-60°) and chromatographed on activated 
alumina (British Drug Houses product) All pig- 
ments remained on the column and the petroleum 
ether eluate was colourless A drop of this eluate 
was allowed to evaporate on a glazed white tile and 
the residue treated with a drop of p dimethylammo- 
benzaldehyde reagent A bright pink colour very 
like that given by fluorene developed No colour 
appeared when a similar experiment was carried out 
using instead a drop of concentrated sulphuric acid. 
Several other experiments were carried out with 
faeces collected at different tunes and whilst the 
light petroleum extract sometimes gave a positive 
reaction for fluorene, on other occasions it did not 
It IS concluded that httle if any fluorene is excreted 
m the faeces, the positive reaction for fluorene some 
tunes observed being due probably to contamination 
of the faeces with the hydrocarbon from the food 
The reaction for fluorene is extremely sensitive , as 
httle as 1 /ig may be detected feadily 


DISCUSSION 

The metabohtes obtamed from the urine of rabbits 
mgestmg fluorene are 2 hydroxyfluorene and the 
glucuTomde ofthisphenol Datarelatmgto the yields 
of these metabohtes were accidentally destroyed so 
that only a rough estimate of the recoveries can be 
made In the urme collected from a rabbit which 
had mgested 1 76 g of fluorene about 40 nig of pure 
2 hydroxyfluorene was obtamed, and by contmuous 
extraction with ether the acidified urme yielded 
approximately 400—600 mg of pure glucuromde 
(computed from recoveries obtamed from fractions 
of the total urme) Both metabohtes were isolated m 
the above proportions from the separate urmes of 
two rabbits mgestmg fluorene Little if any un- 
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changed fluorene is excreted m the faeces and this 
appears to be m agreement with the work of Chang 
(1943), who showed that only small amounts of the 
simple hydrocarbons such as naphthalene and 
phenanthrene are eliminated m the faeces of rats 
receiving these compounds, whereas considerable 
amounts of the more complex hydrocarbons suchias 
methylcholanthrene are excreted by this route 
The metabolism of the hydrocarbon follows the 
rule stated by Berenblmn & Schoental (1943) (and 
confirmed by Bielschowsky (1946) for the case of 
2 acetamidofluorene) that the site of biological 
hydroxylation is that at which sulphonation occurs 
m vitro Courtot & Geoffiroy (1924) showed that 
fluorene 2 sulphomc acid is the first product of 
sulphonation of the hydrocarbon m vUro 

It IS possible that 2 -hydroxyfluorene hrose from 
diols durmg the isolation of the compound from the 
urme, although the crude sohd extract after de 
colorization by charcoal was found to be optically 
mactive, whereas diols of fluorene, if present, would 
be expected to show optical activity 

With regard to the tolerance of the rabbit to 
fluorene it is mterestmg to note that Wilson et al 
(1947) found that groups of rats mamtamed on a diet 
contammg fluorene at the levels of 0 062-0 6 % for 
106 days were m good health after 463 days and at 
autopsy they showed no signs of gross tissue damagd' 
The growth rate of rats receiving fluorene at con- 
centrations of 0 6-1 % was unpaired, but the health 
of these animals appeared to be good 



SUMMARY 

1 Two metabohtes of fluorene have been isolated 
from the urme of rabbits, viz 2-hydroxyfluorene 
and a compound winch analyzes correctly for the 
glucuromde of this phenol This is a further example 
of the biological hydroxylation of a hydrocarbon 
takmg place at the pomt at which sulphonation 
occurs tn vUro 

2 Little if any fluorene is e limin ated m the faeces 
and no metabolites of the hydrocarbon have been 
detected m these 

3 2 Hydroxyfluorene fed to a rabbit appears to 
be excreted largely unchanged 

4 Fluorene and 2 hydroxyfluorene are well 
tolerated by the rabbit 

I wish to express my best thanks to Prof H N Green 
for his mterest m this work ahd to Mr J Westrop for 
canymg out some of the experimental work The work was 
supported by a grant from the British Empire Cancer 
Campaign 
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Determination of the Argmase Activities of Homogenates of Liver and 
Mammary Gland Effects of pH and Substrate Concentration 
and Especially of Activation by Divalent Metal Ions 
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(Received 4 February 1048) 


In our previoufl studies of the argmase activities of 
oertam tissues of the rat (FoUey & Greenbaum, 
1946, 1947o) we used reaction periods of 30 mm and 
20 hr for homogenates of hver and mammary gland 
respectively, and assessed the activities of the homo 
genates m terms of our 30 mm or 20 hr eirgmase 
umts from enzyme cahbration curves Argmase 
undergoes mactivation at alkalme pH values 
(Himter & Morrell, 1933a), a factor particularly 
serious m methods mvolvmg long reaction periods 
Nevertheless, we feel confident that our previous 
findings regardmg changes m the argmase activity 
of the mammary gland under various conditions are 
vaUd, smee all values were read from a calibration 
curve which not only was reproducible with different 
mammary gland homogenates, but also agreed with 
a curve obtamed for one of these homogenates m the 
presence of Co'^'*' (see Pig 1) The significance of the 
latter agreement is not lessened by our present behef 
(see later section) that the effeet of Co"*^ under these 
conditions was mamly to inhibit reversible macti 
1 ation due to dissociation of the enzyme system 
Hom 0 % er, the use of different umts for liver and 
mammorj' gland homogenates was hardly practic- 
able for further studies mvolnng comparison of 
argmase octmties of these tissues m the same animal, 
since the comparison can only be made if the quanti 
tatn o rclationslup betn een the two umts is known, 
and v hile the highly acti\ o hi er homogenates can be 
assai edbi both methods, the high dilution necessary 
for the 20 lu method fa\ ours dissociation of the 


20 hr arrlnue units 



Pig 1 Cahbration curve (circles) for the determination of 
argmase m mammary gland homogenates hv the method 
of FoUey A Greenbaum (1947 o) The bottom curve (black 
dots) represents the argmase activibes of various dilu 
tions of an homogenate less active than the one used for 
the constmetaon of the cahbration curve, the top curve 
(tnangles) represents the argmase activities of corre 
spondmg ddntions of the same homogenate m the pre 
senco of Cq++ The upper horizontal scale (20 hr argmase 
umts) refers only to the central curve, to rvhich the other 
two seta of pomts have been fitted by appropriate ad 
justment of their horizontal scales, i e transformabon of 
their abscissae mto 20 hr argmase imits It mU be seen 
that the bottom curve gives a very satisfactory fit to the 
standard cahbration curve, while the greater part of the 
top curve provides an extension (broken Ime) of it 



638 

metal enzyme with consequent loss of activity at the 
outset In addition, we wished to mvestigate the 
activation of the argmase m mammary-gleind smd 
hver homogenates hy certain divalent metal ions 
Here agam, methods mvolvmg prolonged hydrolysis 
are unsuitable, smce, if the supposed activating 
agent merely protects the enzyme against macti- 
vation, it wdl apparently increase its activity For 
these two purposes we require, therefore, a method 
apphcable to homogenates with widely different 
activities, yet employing so short a reaction period 
that approximate uutial velocities are measured 

The sensitive colonmetno reagent for urea described by 
Archibald (1946), and appbed by Van Slyke & Archibald 
(1946) to the determination of argmase activity, was the 
best basis for a method aUowmg the estimation of approxi 
mate initial reaction velocities for tissues with such widely 
different activities as hver and mammary gland. The ad 
vantages of a colonmetnc method for oarTymg out a number 
of determmations simultaneoualy are obvious, and it is 
better to determine hberated urea rather than residual 
ar ginin e, not only because of the remote possibihty that 
arg inin e may be decomposed by en 2 ymes other than argi 
nase without the hberation of urea (see Van Slyke & 
Archibald, 1946), but also because the relative changes m 
argmme, for short reaction penods, are veiy small Whilst 
we have no reason to beheve that our earher experiments 
(FoUey & Greenbaum, 1947 o), m which considerable pro 
portions of the substrate were hydrolyzed, were affected by 
errors due to either of these factors, we have now adapted 
the photometric method of Van Slyke & Archibald (1946) 
for use with our tissue homogenates 

The pH-actmty and substrate concentration- 
activity relationships under our conditions have been 
determmed, and also the activation of the argmase 
of homogenates by Mn’*'’*' and Co'*"*' The results show 
that Mn"*^ is a better activator than Co'*"*' and that 
the enzyme exists m the tissues as an easily, but 
reversibly, dissociable manganese protem complex 
which may not always he fully activated 

EXPERIMENTAL 

Tissue homogenates Homogenates of hver and of laota 
tmg mammary gland of rats were prepared as described 
previously (Folley & Greenbaum, 1947 a) with the homogen 
izer of FoUey & Watson (1948) Tissues were homogenized 
for 6 mm at room temperature, hver with 9 vol of salme 
(0 9 % NaCl) and mammary gland with 19 vol , the larger 
ddution bemg necessitated by the limited amount of gland 
iisuaUy available and the dimensions of the homogemzer 
The amount of mammary tissue available from one rat is 
restricted smce only the ‘abdommal’ (i e the two abdommal 
and four mgumal) glands, and not the thoracic glands, which 
are much more nobly mterlaced with strands of muscle and 
bonuective tissue, were used The tissues were dissected out 
and homogenized as rapidly as possible, and the enzyme 
determmations always started withm 16 mm of the death 
of the rat, which was kiUed by dislocation of the spme 

In much pf this work it was foimd convement to cany 
out activity determmations on hver homogenates further 
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diluted 1 20 with salme (1 ml =6 mg firesh tissue), whilst^ 
mammary gland homogenates were used undiluted (1 ml = 
60 mg fresh tissue) For activity detonnmations mvolvmg 
only 1 mm hydrolysiB, hver homogenates were further 
diluted only 1 8 (1 ml =12 6 mg fresh tissue) 

Preparaiton of reagents The urea reagent of Archibald 
(1045) (a isomtrosopropiophenone) was synthesized by the 
method of Claisen A Manasse (1889) Yield, c 76%, mp 
after reorystalhzation from hot water, 114-116° (uncorr ) 
The substrate used throughout was L-argmme monohydro 
ohlonde, prepared from gelatm by the method (1) of Brand 
& Sandberg (1932) 

Determination of enzyme activity The method finally 
adopted, on the basis of the present results, for routme 
determmation of the argmase activity of tissue homo 
genates differs from that of Van Slyke &, Archibald (1946) 
mainly m that we use a higher reaction temperature (37°) 
and a lower substrate concentration (0 227 m), the latter 
bemg just sufficient to give the maximum mitial velocity at 
our (optimal) pH of 9 46 

The reaction mixture consists of 2 6 ml of 8 0 % (w/v) 

L argmme monohydrochlonde (titrated to pH 9 46 at 37°), 

1 26 ml of glyome buffer (pH 9 46 at 37°) and 0 3 ml of a 
smtably diluted homogenate The buffer substrate is pre 
heated to 37° m the thermostat, whilst the homogenate, 
which IS best kept at room temperature if it contains no 
added Mn++, is diluted if necessary to the required degree 
with salme at 37° immediately before mixmg with the buffer 
substrate The reaction is stopped after a given time (usually 
6 mm ) by the addition of 0 96 ml of freshly prepared 30% 
(w/v) HPOj, and the precipitate of protem filtered off after 
30 mm at room temperature Thereafter the colour is de 
veloped as described by Van Slyke A Archibald (1 946), 2 0 ml 
of filtrate bemg used and the colour measured m a MiUer 
photoeleotno absorptiometer (Ilford spectrum green filter 
no 604), usually with a 1 cm cell or, with mtense colours, 
a 0 6 cm celL An enzyme blank is set up and treated m 
exactly the same way, except that the HPO3 is added 
before the homogenate The argmase umt is now defined as 
that quantity of enzyme which, under the conditions 
specified above, hberates 1 pmol of urea (0 06 mg )/mm at 
37° and pH 9 46 from L-aigmme m 0 227m concentration 

H the fully activated argmase activity is required, suffi 
cient MnS 04 solution to give a final concentration of 2 mg 
Mn++/mL of homogenate is pipetted mto a test tube and 
taken to dryness The requisite amount of homogenate, if 
necessary (e g with hver homogenates) diluted ready for 
f enzyme determmation, is then added and moubated at 37° 
for 1 hr These conditions have been found to give fuU 
activation (see later section) Alternatively, the tissue can 
be homogenized with salme contammg the correct concen 
tration of Mn++, and any subsequent necessary dilution 
earned out with salme contammg 2 mg Mn'*^/ml In the 
prMence of Mn++ (or Co++) under these conditions, a fine 
floooulent precipitate is formed m the homogenate, removal 
of which would almost oertamly result m loss of enzyme 
activity (see, e g , Hunter & Downs, 1944) This precipitate 
can be uniformly dispersed by vigorous shaking just before 
pipettmg 

We recommend a 6 min hydrolysis penod for routme use, 
except for relatively mactive homogenates, though m the 
present work we tave often used 10 mm Penods longer 
than 10 mm are neither necessary with this techmqne, nor 
desirable, if mactivation of the enzyme durmg the run is to 
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be mininurcd. Tile mctliod !■! ho\\p\cr siifliri(.ntl\ f:onHiti\L 
to allow further reduction to 1 min \m11i li\cr liomounntoa 
if desired, liowcrcr, l)p\ond tins iioint mndom irrors in 
mcnsurcnicnt of time nssiimi, undue importnnoo 

Investigations descnlicil Intir show that nitli reaction 
jxinods of either 5 or 10 min , if more tlinii nliout 1 % of the 
Biibstratc is ll^drol^7ed, the ohscr\c<l urea juthIucIioii is no 
longer hncnrh related to theenrrnic concentration and nil 
enzATne calibration ciinc must be u«id, uliirens liclow this 
limit the nrginnse units ean lie nnthmeticnlh calculated 
The reaction penod (mn\ 10 nun ) and tin dilution of the 
homogenate should therefore lie chosen neconlingh It is 
recommended that for r> mm reaction jicrioils no mon than 
300 units of cnrvme/1 (=0 00% hvdndssis m fi min ) In, 
tnhcn 



Tig 2 Argmasc reaction aelocity curses for \nnous dilu 
tions of a rat-ha er homogenate, with and wathout added 
Mn++ The reaction conditions were os follows tempera 
ture 37°, pH 9 45, substrate concentration 0 227 M The 
dilution of the original homogenate used for each expcri 
ment is mdicated near the relevant cun e 

Accordmg to Van Slyko A Archibald (1940) arginine 
diminishes the colour arising from the reaction between urea 
and a isomtrosopropiophenone, and this wo have confirmed 
It IB accordingly necessary to correct for this and any inter 
ference with the colour development which may be duo to 
other components of the hydrolysates Accordmgly, gal 
ranometer readmgs are converted into mg urea by reference 
to a standard curve constructed from measurements on a 
senes of mock hydrolj sates containing known amounts of 
urea and appropriate amounts of all other components 
C!orroction for the possible mterfenng eflects of substances 
present m the tissue homogenates is obviously improctio 


nblt, mill such efficts are almost cortninlj negligible 
Sepnmto slnndnrdiratioii ciincs for evpenments in uliich 
Jlirt^ (or Cirt ') nn nddi d to tlio homogenates are neccssarj 
(Mn' + inlensifics tin eoloiir), mid ucro conslnicled in a 
similar uni All our gnlinnointter curies iiero linear 
\mi ‘'like A Archibald (1940) iiiipli that the pH (0 5), 
Mbuh tbei recommend for routine arginaso aotiiilj deter 
niinntlons is shghth on the neid side of the optimum for 
Inir rnrniie, mid the\ giie reasons i\h\ thei jirtfer to 
work at this pH rntlur than at pll 9 7, at uliicli, thej state, 
nrglimse mae be shghtK moronctiic The pll iiespccifi for 



Fig 3 Arginaso reaction \ cloeitj cun es for vanoiis dilii 
tions of a rat mammarj gland homogenate inth and 
inthoiit added Jin'*”*" The reaction conditions wero ns 
follows temperature 37°, pH 9 46, substrate conoontra 
tion 0 227 M The ddiition of the onginnl homogenate used 
for each experiment is indicated near the rolci nnt cun o 

routine dotermmntions is slightly more acid than that used 
by Van Slyko A Archibald, but is, nevertheless, the opti 
mum for the enzyme m both haer and mammary gland 
homogenates Houover, the increased stabihty of the 
enzyme on the acid side of the optimum (Hunter A, Morrell, 
1933 o) made it desirable to carry out parallel studios at 
lower pH, particularly smee a number of authors (Hunter 
& Daiiphinee, 1930, Lightbody, 1938, Koohakian, 1044, 
Hunter A Downs, 1944, FoUoy A Greonbaum 1040, 1947 n) 
have desonbod arginaso activity methods iniohung hydro 
lyais on the acid side of the pH optimum For aotivitv 
determinations at pH 9 1, the lower pH adopted, uo used 
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substrate m 0 071 m final concentration, ■vrhioh ourmvesti'- 


gations (see later section) indicated as the optimal conoen 
tration at this pH 

Throughout, m mvestigatmg the eSect of changes m 
various conditions on argmase activity, the hydrolyses were 
earned out basically as above, but with appropriate modi 
fications aecordmg to the factor under study 

RESULTS AND DISCUSSION 
Velocity of arginase action 

Reaction-velocity curves, determined at pH 9 46 and 
m presence of 0 227 m substrate mth and without 
added Mn"^, for various dilutions of rat hver and 
mammary-gland homogenates respectively, are 
given m Figs 2 and 3 In neither case does any 



Fig 4 Eelation between argmase concentration and mitial 
reaction velocity, calculated firom the urea production m 
the first 10 mm , for homogenates of rat hver and mam- 
mary gland, with (black dots) and without (circles) 
added Mn++ All experiments at 37° and pH 9 46, 
substrate concentration 0 227 m 

reaction rate depart significantly from hnearity over 
the first 10 mm , though inhibitory effects, probably 
due to progressive mactivation of the enzyme and 
to the accumulation of the inhibitory reaction pro 
ductL ormthine (Edibacher & Zeller, 1936), become 
apparent soon after In the runs with activated 
enzyme any progressive mactivation which occurred 
may be assumed to be due to the high alkabmty (see 
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Hunter & MorreU, 1933 a) and was presumably 
irreveraible , the non-activated enzyme would also 
be hable to reversible mactivation due to gradual 
dissociation of the metal -enzyme (see later section) 
Thus for reaction periods up to about 10 mm the 
amount of urea produced m a given time is pro 
portional to the mitial reaction velocity Smce the 
enzyme was m the presence of excess substrate, it 
may be anticipated that mitial reaction velocities 
will be proportional to enzyme concentrations, so 
that for reaction periods up to 10 mm the amounts 
of urea produced should be convertible by simple 
calculation mto argmase umts without reference to 
an enzyme cahbration curve, as was found by Van 
Slyke & Archibald (1946) under their conditions 
This IS mdeed the case, provided no more than about 
1 0 % of the mitial substrate is hydrolyzed (Fig 4) , 
the only curve which deviates appreciably from 
hneanty is that for Mn'*''^-aotivated hver homo 
genate Similar results were obtamed at pH 9 1m 
presence of 0 071 m substrate, though m this case 
the upper limit of substrate decomposition for pre 
servation of an approximately hnear relation be- 
tween enzyme concentration and urea production 
was 6 % 

pS'Beactum velocity relationships 

In mvestigatmg pH activity relationships the enzyme 
activities were detenmned by the standard method except 
that appropnate glycme buffers were used, and the sub 
strate solutions titrated beforehand to the requisite pH 
For each pH value an extra reaction tube was provided 
solely for pH determmation at the be ginning and end of the 
hydrolyms In no ease was any appreciable change m pH 
observed dunng the reaction All pH values were measured 
by glass electrode at 37° 

Typical curves for homogenates of liver and 
mammary gland from the same rat, detenmned m 
presence of 0 227 m substrate, are shown m Figs 6 
and 6, the ordmates m Fig 6 representing mitial 
reaction velocities expressed as percentages of the 
maximum These curves cover a narrower pH range 
(particularly on the acid side of the optimum), but 
with smaller mtervals than those commonly given 
m the hterature so that they allow of closer de- 
fimtion of the pH optima than usual 

The pH optima (substrate concentration 0 227 m) 
for non activated homogenates of both tissues were ' 
essentially the same (pH 9 43—9 46) Smular optima 
for hver argmase were reported by Fehx & Schneider 
(1938) and for both hver and jack bean enzyme by 
Damodaranfe Narayanan (1940) For hver argmase, 
more alkalme optima were given by Edibacher & 
Bonem (1926) (pH 9 6-9 8), Hunter & Morrell 
(1933b) (pH 9 8) and Mohamed & Greenberg (1946) 
(pH 10 0), and more acid optima by Hmo (1926) 
(pH 7 3-7 6), Edibacher & Simons (1927) (pH 9 0) 
and Hellerman & Stock (1938) (pH 8 0) The latter 
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loluomaj bo compared tlio \nluo pH 0 Ogrvcn 
bj Stock, Perkins <k Hollcrmnn (1038) for jack Ijonn 
arginnso I^lost of tho nbo\ o mentioned slndies w cro 
concerned wtb ghcerol extracts of lucr or wtli 
partiallj punfied Incr extracts, but (bfforenccs 
among these results, and boUi con mam of them and 
our own, ma-\ result from the dependence of ajiparcnt 
pH optima on manx factors, lionco there seems no 
reason to conclude that tho pH nctnitx relationship 
for lixcr and mammarv gland homogenates iliffcrs 
m an} important respect from that of purified pre- 
parations 



Pig 6 Activity pH curves for nrginoso in homogenates of 
rat liver and mammary gland, mth (black dots) and 
without (circles) added Mn"’'*' All experiments at 37° and 
m presence of 0 227 m substrate Reaction time 6 min 

Under our conditions, the pH optimum was un 
changed by maxunal activation with Mn"*'"*' (Figs 5 
and 6), and m fact, with the method of plottmg used 
m Fig 6, the pomts corresponding to activated and 
non activated homogenates of both tissues fall on 
the same curve In this respect tissue homogenates 
appear to differ from hver extracts or crude extracts 
of jack bean, for appreciable shifts of the pH 
optimum to more acid values m the presence of 
activatmg divalent cations have been reported by 
HeUerman & Stock (1938), Stock et al (1938), 
Damodaran & Narayanan (1940) and Mohamed & 
Greenberg (1946), whilst HeUerman & Stock (1938) 
found that, though Ni++ and Co++ moved the 
optimum m the acid direction, Mn'*'*' had the 


opposite effect It is tempting, but perhaps un 
justifiable at this stage, to conclude that since 
nctixnlion with Jin"'"*' docs not affect tho pH 
optiniiim tho behaxnour of tho onvinno in our homo- 
genates IS more ‘natural’ than that in purified 
enrymo preparations In anj event, tho fact that 
full nctixation causes no appreciable change in pH 
optimum under our conditions facilitates tho do 
xelopmont of an nrgmaso assay applicable to ncti 
\ ated and non activated homogenates alike 



Fig 0 Actiwlj pH curves for arginaso m homogenates of 
rot hver and mamraaiy gland, with (black dots) and 
without (circles) added Iiln++ AU oxponments at 37° in 
presence of 0 227 m substrate Reaction time 6 min The 
ordmates represent initial reaction v olocities expressed ns 
percentages of tho imtial velocity at tho optimum pH 

Tlie pH activity relationships m the presence of 
0 071 m substrate are shown m Fig 7, m which the 
ordmates represent percentages of the maximum 
reaction velocity With mammary -gland homo 
genates activation with Mn++ again had no effect on 
the pH optimum which, moreover, was unaffected 
by the change m substrate concentration The pH 
optunum for the non activated hver homogenate 
was now, however, shghtly more acid (approx 
pH 9 36), so that there is some mdication m this 
case of a slight shift of the optimum (0 1 pH) to 
wards the aUmlme side m tho presence of Mn'''+ 
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The fact that an approsxmately threefold decrease 
m the substrate concentration had no appreciable 
effect on the pH optima is somewhat surprismg, 
smce there is evidence that K.^ for argmase changes 
with pH (Greenberg & Mohamed, 1946) As will be 
shown m the next section, the lower of the two sub 
strate concentrations used is optimal at pH 9 1 
(inhibition occurrmg as the substrate concentration 



pH 


Pig 7 Activity pH curves for argmase m homogenates of 
rat hver and mammary gland, with (black dots) and 
without (circles) added Mn++ All experiments at 37° and 
m presence of 0 071 u substrate Reaction time 10 mm 
The ordinates represent mitial reaction velocities ex- 
pressed as percentages of the mitial velocity at the 
optimum pH 

IS mcreased), whilst at pH 9 46 the velocity m 
presence of 0 071 m substrate is considerably less 
than the maximal Thus it would be expected that, 
even if there is no shift m the optimal pH, the pH- 
actmty curves at the lower substrate concentration 
would show appreciably less curvature than those at 
the higher substrate concentration This is the case 
for the hver homogenates, but rather surpnsmgly 
the reverse holds for mammary gland homogenates 
(cf Tigs 6 and 7) 
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The pH activity relationships for the argmase m 
tissue homogenates, at any rate m presence of excess 
substrate, are fairly critical Thus at pH 9 1 and m 
presence of 0 227 m substrate, the velocity is only 
about 86 % of that at pH 9 46 Smpe the curvature 
of pH-actmty curves may weU vary among homo 
genates from different animals, or homogenates from 
different tissues of the same animal (e g Fig 7), 
tissue argmase assays for purposes of quantitative 
comparison should be carried out at the optimal pH 
£ind with adequate buffermg to prevent pH changes 
dunng the reaction Furthermore, methods which 
mvolve hydrolysis on the acid side of the pH 
optimum should be used with caution 

Substrate coyxcentration reaction velocity relationships 

Reaction velocity substrate concentration curves, 
detenmned at pH 9 46, are shovm m Fig 8 In these 
experiments it was necessary to correct for variable 



Fig 8 Relation between substrate concentration and 
enzyme activity for argmase m homogenates of hver and 
mammary gland, with (black dots) and without (oiroles) 
added Mn++ All experiments at 37° and pH 9 46 
Reaction tune 10 mm 
» 

effects on the final urea colour of widely different 
ar ginin e concentrations Each solution, before the 
colour was measured, was therefore' brought to a 
standard argimne concentration by suitable dilution 
with water or an appropriate argmme solution There 
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Tvns of courso still some possible error since tlio 
amounts of nren, x. nrgmmonndx ornitliincininnn\ 
of these final solutions \\ ere no longer cqiiix alent, ns 
the gahanometer calibration cur\cs require them 
to be Hou o\ cr, this residual error mnj bo assumed 
to be too small to justif\ the amount of labour 
neccssaia to chminnto it 

Tlio ciuaes in I'lg S resemble that gi\ cn b\ Van 
Shko ck Archibald (10-10) m that there is no sign of 
inliibition at high \alues of substrat-o concentration 
(S), but tho^ differ from it m renebmg a Mrtnal 
ma-aniimi or saturation \ aluo m the neighbourhood 
of <5=0 2211, uliile the curio of Van Sb ho A 
Archibald continues, after tlio initial rapid increase, 
to nso sloiili up to <5 = 0 4ii The highest maximal 
lelociti Iras attained b\ actuated hi or liomogenato 
(Fig 8), and corresponds to an enrnno concen 
tration of approximatoli 4C0imits/l It mni there 
fore be concluded that, in the presence of 0 22m 
substrate, enzyme concentrations at least up to tins 
lalue are fullj' saturated m the mitial stages of the 
reaction fVoivcrotliuslcdtospccifi a final substrate 
concentration of 0 227 m for our routine method of 
argmose octinti detcrramation, as being sufTiciont 
to gii e a maximum i olociti inth concentrations of 
enziTno hkelj' to be encountered under our con 
ditions, ivliile corresponding to a coni ementlj pro 
pared substrate solution (8% iv/i as monoli>dro 
chloride) 

A lerj different typo of nctivitj S rclationsliip 
Mas revealed m the experiments at pH 9 1 (Fig 0) 
Inhibition ivas now obsen>’ed with high substrate 
concentrations so that the curves show definite 
optima at a substrate concentration (0 07 1 5i) which 
IS the same for all It is endont that, for argmaso 
actintj determmations on the acid side of the 
optimal pH, considerablj^ lower substrate concen 
trations should be used than for methods omplo 3 nng 
the optimal pH 

The change inth pH m the typo of actinty 
substrate concentration relationship exhibited by 
arginase m tissue homogenates is of mterest, but no 
explanation mil be attempted here Damodaron A 
Narayanan (1940), studymg hver argmase, also 
found some mdication of inhibition mth increasmg 
substrate concentration Their optimal substrate 
concentration was given as 0 007 m, a value not very 
different from ours at pH 9 1 , but a puzzlmg feature 
18 that their results were obtamed at pH 9 4, which 
IS not far from our optimal pH at which no mhibition 
at lugh substrate concentration ocours No such 
inhibition is apparent m the results of Greenberg & 
Mohamed (1946), but their studies were not ex 
tended mto a range of sufficiently high substrate 
concentration for inhibition to occur 

Enzyme inhibition by excessive substrate con- 
centrations IS a fairly common phenomenon (see 
Haldane, 1930 , Lmeweaver & Burk, 1934) FoUey & 


Kaj (1936) obsoned it mth unfractionated pro 
parations of mammnrj gland and kidnoj nlI,nlino 
phosphatase, and tliov found that their results could 
bo fitted piissabli iiollbi Haldane’s (1930) equation 
derived on the basis of the follouing postulated 
reactions IJ + S-^IIS (actue), ES + S^ES^ (m 
nctiie) iViiali HIS ofoiir data for the 'Mn'’"'" actuated 
argmaso in homogoiiatcs of mammari gland and 



(mmol /I reacting solution) 

Fig 9 Relation botiiccn substrate concentration and 
enzyme activity for nrginnse m homogenates of hi er and 
mammary gland, mth (black dots) and mtbout (circles) 
added 5In+-^ All expenmonts at 37° and pH 9 1 Re 
action time 10 ram 

hver by the methods of Case III of Lmeweai er A 
Burk (1934) gave good agreement (see Fig 10), oi er 
practically the whole range of substrate concen 
trations studied, mth the postulated reactions 
E+S^ES (active), ES +3S^ESi (inactive) Tlie 
values for K, (or K„) are given m Table 1, together 
mth those for non activated homogenates at pH 9 1 
Whatever may be the actual meohomsm of the sub 
strate inhibition observed mth argmase m our ex 
penments, and the above analysis does no more than 
indicate a possible meclianism consistent mth the 
results, it seems that, at pH values aoid to the 
optimum but not at the optimum itself, argmase 
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TabJe 1 Values of K^for various argmase j>reparaltons 
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Enzyme preparataon 
Bat-Iiver homogenate 
Bat-liver homogenate 
Bat-hver homogenate 
Bat-hver homogenate 
Bat-mammary gland homogenate 4 - 
Bat-mammaiy gland homogenate 
Eat-mammaiy gland homogenate -)-Mn^ 
Bat-mammary-gland homogenate 
Dog liver extract -fMn’’^ 

Pnnfied hver argmase 
Pnnfied hver aiginase 
Pnnfied ox hver argmase 
Bat-hver shoes 
Glycerol extract of rat hver 


Determmed at 


K 

t — > 


pH 

Temp (°) 

Kr, 

9 46 

37 

0 0200 

9 46 

37 

0 0100 

91 

37 

0 0161 

9 1 

37 

0 0177 

9 46 

37 

0 0200 

9 46 

37 

0 0257 

91 

37 

0 0218 

9 1 

37 

0 0061 

96 

26 

0 0460 

9 46 

40 

0 0160) 

9 1 

40 

0 0130) 

94 

? 

0 0118 

7 3 

37 

0 0026 

73 

37 

0 00276 
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♦ aiculated by the method of ^eweaver & Burk (1934) from values read from published curve 
T \ alues read from an apparently conjectural published curve showmg relation between and pH 



Pig 10 Analysis of possible mechanism of inhibition by 
excessive substrate concentrations of Mn+''' activated 
argmase m rat-hver homogenate by the method of Case 
III of Lmeweaver L Burk (1934) On the assumption 
that inhibition is due to the reactions E + S-^I!S (active), 
ES + (n — 1) S-^ES„ (mactive), the value of n is given by 
the slope of the straight Ime drawn through the expan 
mental pomts m the upper graph The dotted Ime is a Ime 
of slope =4 Agreement with theoiy demands a hnear 
relationship between the functions plotted m the lower 
graph 


may eiast, at least partly, m a form vrliioh is able to 
combme ■with the substrate in a manner not con- 
ducive to hydrolysis 

Michaelis constants (pH 9 46) for activated and 
non-activated homogenates of hver and mammary 
gland were evaluated graphically by the method of 
Case I of Lmeweaver & Burk (1934) Plots of 3/V 
agamst S gave satisfactory hnear relationships over 
the whole range studied (Fig 11) m agreement with 
the Michaehs Menten theory, and confimung the 
apparent absence at pH 9 46 of inhibition by ex- 
cessive substrate concentrations The values for 
which, however, were far from constant, are 
given m Table 1, together with values given by, or 
calculated from, the results of previous investigators 
for compamson The values ascribed to Greenberg & 
Mohamed (1946) we read from what is evidently a 
conjectural curve showmg as a function of pH, 
that ascribed to Van Slyke & Archibald (1946) was 
evaluated by the Lmeweaver Burk method from 
values we took from their substrate concentration - 
activity curve The values quoted from Bach, Crook 
& Wilhamson (1944) were detenmned on rat hver 
slices and on a glycerol extract of hver, but their 
curves are liardly complete enough to justify then* 
use for a simple, direct graphical readmg of 

Activation with divalent metal tons 

Bdative activating effects of IMn"'"'" and Co"*^ In our 
studies of the aotivatmg effects of Co'*"*' (cf HeUer- 
man & Perkins, 1936, Hunter & Downs, 1944, 
Mohamed & Greenberg, 1946) relatively small acti- 
vation effects were observed, rather surpnsmgly, 
when homogenates were mcubated at 37°, and 
at a pH and with Co'*"*' concentrations found by 
other workers (e g Mohamed & Greenberg, 1946) to 
suffice for maximal activation ■■ 
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E\x>enments m vlnch <ho clogreo of nctivfttion 
was measured after % anous periods of incubation at 
37° with Co^'’' showed that, whilst tho ncti\nty of 
both h\er and mammar\ gland homogenates con 
tammg no added Co'^'*' progressn olj fell after pro 
paration, o\ en at room temperature, the inact i\ ation 
was retarded, if not complotelj pro\onlcd, by tho 
presence of Co"'^ In some expicriments tlio adcbtion 
ofCo"'^ raised tho actmtj shghth nbo\o its original 
value, m others tho actmtv of Co"’"'' treated homo 
genates showed a progressn o fall, but slow or and of 



Pig 11 Linear relationship at pH 0 46 between SjV and 
8 for the argmase of rat-hver and mammary gland homo 
genates, S=snhstrate eoncontration, F =mitml reaction 
velocity 

lesser degree than with untreated homogenates In 
one exceptional experiment, addition of Co’'"'" pro 
duced an unecpnvocal, though not very strikmg, 
morease m activity A typical experiment is illus 
tratedmFig 12 Clearly, under our conditions, Co"'""*’ 
does httle more than protect the enzyme against 
progressive mactivation "We thus have a reasonable 
explanation of the apparent aotivatmg effect of Co"'""'" 
on homogenates of mammary gland (e g Fig I) m 
contrast to the almost complete lack of effect on 
hver homogenates, observed m unpublished pre 
hmina ry experiments with our previous method of 
determination of argmase activity (FoUey & Green 
baum, 1 947 a) Considerable mactivation of the typo 
just discussed would occur during the 20 hr hydro- 
lysis at 37° used for mammary gland homogenates, 
and if Co"'""'" prevented or retarded this process there 
would apparently be appreciable activation, this 
Bioohem 1948, 43 


factor n ould, how over, not bo so important in tho 
30 mm hydro! j sis used for hvor liomogonatcs 
In contrast to tho lack of effect with Co"'""'", another 
activator, Ain"'’"*’ (Kioin A Zieso, 1936), was foimd to 
overt a striking aotivatmg olToct on liomogonatcs of 
liv'cr and mammary gland ahko, much of w Inch is so 
rapid (Fig 12) ns to appear practically mstantanoous 
by tlio methods used 



Fig 12 Effect on tlio activity of tho argmase in a rat-hvor 
homogenate, after dilution 1 200 with sohne, of monba 
tion at 37° for vanous ponods (o) in tho presence of 2 mg 
Mn++/ml (black dots), (6) 2 mg C!o++/ml (half dote) and 
(c) in tho absence of added divalent metal ions (circles) 
All activity dotermmahons wore earned out at 37° and 
pH 9 46, substrate concentration 0 227 Ji, reaction time 
10 mm 

In view of tho marked and quite unexpected difference 
thus revealed between the aotivatmg effects of Mn++ and 
Co++ on the argmase m tissue homogenates, and m order to 
eliminate the possibihty that this might not hold under 
other eonditions, it seemed desirable to mvestigate the 
activatmg effects of Hn++ and Co++ over a wider range of 
conditions Aooordmgly, faotonal experiments (each set up 
m duphoate) were devised to enable tho effect of moubatmg 
homogenates for different times with vanous concentrations 
of each cation to be studied In each of two such expen 
ments hver and mammary tissue from a laotatmg rat were 
homogenized, and portions of each homogenate at once 
smtably dduted, each tune to the same degree, with sahne 
contammg appropnate amounts of MnSOj or CJoClj The 
dilutions were forthwith menbated at 37°, and samples 
from each taken at appropriate times for enzyme determi- 

33 




646 


S J FOLLEY AND A L GREENBAUM 


nation, m one espenment at pH 9 46 and m the other at 
pH 9 1 It IS not possible to show the resnjts graphically, 
amce the set expressing the effect of a given cation on a 
given homogenate can only be graphically represented by 
a three dimensional surface The results of the experiment 
m which the enzyme activities were determmed at pH 9 46 
are, therefore, given m Tables 2 and 3 They define the 
conditions for maximal activation of the enzyme at homo 
genate pH and 37° m homogenates of both tissues All the 
experiments on argmase activation described m this paper 
were earned out at homogenate pH, i e pH c 7 Mohamed 
& Greenberg (1946) found that the rate of activation of their 
purified argmase by Mh^ mcreased with nsmg pH, we 
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prefer, however, to specify conditions for maximal activa- 
tion at homogenate pH because of the greater stabihty of 
the enzyme protem at neutral reactions 

In confirmation of the previous results m Fig 12, 
Tables 2 and 3 show beyond doubt that Mn"*^ is 
a much more effective activator of the argmase m our 
tissue homogenates than Co'*"*', the effect of which is 
neghgible by comparison These results confirm the 
previous finding that much of the effect of Mn"*"*" is 
so rapid as to appear instantaneous with the methods 
used 


Table 2 Effect of concentration of IMn'*"*' or Co'*"*' and of time of incubation at 37° vnth Mn'*"*' or Co'*"*' 

on the argmase activity of a rat liver homogenate 

(The values given are untial velocities (pmol urea/mm /L reaotmg solution) deter min ed at 37° and pH 9 46, substrate 
concentration 0 227 m, reaction time 10 min Values marked * correspond to fiiU activation ) 

Tune m - Final concentration of added Mn'*"'' (mg /ml ) 


presence of 




A 



1 

Mn''^' at 37° 

0 

06 

1 0 

1 6 

20 

26 

3 0 

(min ) 



Imtial velocities (pmol UTea/mui./l ) 



0 

36 6 

79 6 

83 7 

88 9 

94 7 

100 6 

104 2 

16 

314 

90 6 

93 2 

97 9 

103 4 

110 0 

111 2 

30 

26 8 

98 1 

102 0 

108 1 

111 2 

116 3 

117 8 

46 

20 0 

102 2 

107 8 

' 114 2 

117 8 

123 3* 

124 8< 

•80 

18 9 

108 1 

111 4 

116 8 

121 4 

124 8* 

123 3* 

76 

18 6 

1112 

114 6 

123 3* 

123 3* 

123 3* 

124 8* 

Tune m 



Fmal concentration of added Co"’"*' (mg /ml ) 



TtmnnTi <*»<*> /tr 




A 




pOJSOllvC Ui 

1 







Co'*"'' at 37° 

0 

06 

10 

1 6 

20 

26 

30 

(min ) 



Imtial velocities (pmoL 

urea/mm /I ) 



0 

36 6 

41 1 

41 8 

43 1 

43 9 

461 

469 

16 

314 

346 

36 2 

40 3 

41 1 

41 8 

41 8 

30 

26 8 

29 8 

30 4 

32 2 

32 8 

33 6 

341 

46 

20 0 

248 

26 9 

29 8 

30 3 

30 9 

30 9 

60 

18 9 

21 1 

22 0 

27 0 

27 6 

27 6 

27 0 

76 

18 6 

19 4 

20 0 

23 1 

22 6 

23 1 

' 23 1 


Table 3 Effect of concentration of Mn'*"*' or Co'*"*' and of time of incubation at 37° vnth Mn'*"*' or Co'*"*' 
on the argmase activity of a rat mammary gland homogenate 


(The values given are mitial velocities (pmol urea/mm./l reaotmg solution) determmed at 37° and pH 9 46, substrate 
concentration 0 227 m, ' reaction time 10 mm Values marked * correspond to full activation ) 


Tune m 
presence of 
Mn-^^ at 37° 
(min ) 

0 

16 

30 

46 

60 

76 

Tune m 
presence of 
00-^+ at 37° 
(nun ) 

0 

16 

30 

46 

60 

76 


Fmal concentration of added Mn'*"*' (mg /ml ) 




t 

0 

06 

1 0 

1 6 

20 

26 



Imtial velocities (pmoL 

urea/mm /I ) 


607 

136 8 

162 7 

167 4 

164 1 

190 8 

66 8 

144 2 

161 0 

163 6 

181 2 

206 6 

64 1 

163 0 

166 1 

167 8 

192 9 

210 0 

60 8 

168 8 

170 6 

172 4 

206 1 

216 0 

61 1 

164 0 

174 0 

177 8 

216 4 

218 2* 

49 6 

169 4 

V 176 8 

182 4 

219 3* 

218 8* 



Final concentration of added Co'*"*' (mg /ml ) 

A 


( 

0 

06 

10 

1 6 

20 

26 


Imtial velocities (pmoL 

urea/mm /I ) 


60 7 

66 1 

66 1 

68 0 

68 0 

68 3 

66 8 

63 3 

646 

67 0 

66 8 

66 7 

64 1 

61 7 

63 3 

66 1 

66 1 

66 3 

60 8 

62 4 

646 

648 

669 

67 1 

61 1 

62 4 

662 

66 1 

67 1 

67 4 

49 6 

63 0 

66 6 

67 1 

67 1 

67 1 




188 4 
208 6 
216 6 
218 3* 
217 6* 
216 6* 


To 


68 0 
6ro 
661 
67 2 
67 2 
67 6 
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Tliese findings perlmps mdioato that Mn is tho 
actual metal component of tho enyjTno sj^lom m ita 
'native’ state It seems possible that tho ‘nativo’ 
enzjTno protem is almost specific in its roquiromonts 
as regards tho metal component, vvhilo on purifi- 
cation it becomes mcreasmglj less specific, so that 
an active argmaso can bo constituted bj addition to 
the partially purified protein of other div'alent metal 
ions such as Co''"^, Ni’*"*' and Fo'*"*' Thoai, Roclio <L 
Roger (1947) hav o foimd that alkalino phosphatnso, 
of which Mg'*”'’ was once regarded as an almost 
specific activmtor (e g Folloy &, Kaj , 1930), can bo 
reactivated after punfication and dialj’sis by a 
number of div'alont metal ions In any ov ont, our 
finding s mdicate that if homogenates are to bo used 
■for studymg changes m tho fullj activ ated, or what 
for the present maj Ixi termed tho ‘potential’, 
argmase activnty of tissues, it is necessary to uso 
Mn’*’^ for tho actuation process rather than Co’*”'' 
wluch has been fav’ourod bj^ many mvostigators of 
tissue argmaso changes (e g Kochakian, 1944) Tlio 
significance of studies of changes m tissuo-argmoso 
activity with Co'*'’'' added as activmtor would scorn to 
be somewhat doubtful 

The progressive maotivation of tho envyrno m 
tissue homogenaf^ at pH c 7 observed at 37“ m 
these experiments, and winch also proceeds at on 
appreciable rate at room temperature, is probably 
due to the effects of dilution (seo also Von Slyko &, 
Archibald, 1946) Dilution of tho tissue ornsjono 
systems is an mevitable accompammont of homo 
gemzation, irrespective of any subsequent dilution 
necessary (e g with liver homogenates) to make the 
enzyme concentration suitable for activity measure 
ments Such dilution may be assumed to cause 
gradual dissociation of the metal protom complex 
apparently forming the enzyme system (seo Heller- 
man & Stock, 1938) Tins concept seems to be sup- 
ported by our finding that this inactivation is re 
versible, m that not only can the original acti-vity 
be restored by addition of Mn''"'' to an homogenate 
which has undergone considerable mactivation due 
to keepmg either at room temperature or at 37°, but 
also the activnty can thus be raised to the higher level 
charactenstic of full activation 

Ktnetics of dissociatxon inacltvation and of re 
acltvatton by Mn'*''*' The dilution of homogenates 
during preparation makes it necessary to decide 
what relationship exists between argmase activnties 
of homogenates, and (a) the actual concentration of 
the enzyme protem m the tissues, and (6) the pro 
portion of it which is combmed ■with Mn'*”*' thus 
constituting the active enzyme system (degree of 
activation) These are clearly questions of consider 
able importance 

In an attempt to throw hght on tins problem, the 
kmetics of dilution inactivation of the argmase m 
tissue homogenates, and its reactivation by Mn'*”*' 


wore studied bj'' a more refined teclimquo mado 
possible by tho inoroasod sonsitmty of our now 
method of argmaso activity dotermmation 

Experiments were enmod out in wliioh rat hver was 
homogenircfl (5 min ) in three portions One homogenate 
was, immeihatelj after preparation, diluted 1 8 with 
normal sahne for notmtj determinations, a second ■was 
Bimilarlv diluted nith salino containing sufficient MnSO^ to 
gi\o a final concentration of 2 mg Mn''^'/ml In tho third 
case, tlio hver tissue Mas homogenized mth saline contain 
ing sufficient MnS 04 to give tho same final concentration of 
Mn'*’*', and then diluted vnth tho Mn'*”*' sahno contaimng 
2 mg Mn'i^'i'/ml All three homogenates wore kept at room 
terapomturo during tho experiment As soon ns possible 
after dilution, samples of each wore taken for argmaso 
determination using 1 mm 'hjdroljsis at pH 9 46, and 
other samples were similarly taken for enzyme detormina 
tion at first at mten nls of 0 6 min and later of 1 mm 

Three such experiments were earned out ■with simdar 
results sav o in one respect discussed below One experiment 
IB illustrated m Fig 13 m which, since each enzyme noti-nty 
determination occupied 1 mm diirmg which activation or 
mactiv ation was proccedmg, tho first pomt of each curve 
was plotted at time 0 6 mm from tho instant of dilution 
instead of at time 0, and tho subsequent points plotted 
accordingly Tho same plotting procedure was adopted for 
Fig 12 



Fig 13 Changes with time in tho activity of the argmase 
present m homogenates of a rat li\ er One homogenate 
was diluted with normal sahne immediately after pro 
pomtion (circles), another was similarly diluted with 
sahne containmg Mn'*^' (half dots) In the third case 
Mn'*^' ■was present durmg homogenization and Mn'*”*' 
^jsahne used for the dilution (black dots) After dilution 
tho three preparations were kept at room temperature 
and samples taken at mtervals for activity determindtion 
Enzyme activities were determined at 37° and pH 9 46, 
substrate concentration 0 227 m, reaction time 1 mm 
For explanation of dotted portion of curves, see text 

The curves for tho two homogenates, m which no 
added. Mn'*”*' was present durmg homogenization, 
have been extrapolated back to mterseot at zero 
tune, 1 e the mstant at which the dilution was per 
formed. In makmg this conjectural extrapolation, it 
is assumed that the activuties of the two homogenates 
changed at approximately the same rate, so that the 
our vies are made to mtersect at a pomt about midway 

36 2 
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between their initial values The point of inter- 
section (B) represents the activity of the homogenate 
just prior to dilution This, however, is probably 
somewhat less than the activity of the enzyme as it 
existed m the tissue, smce some dissociation of the 
metal enzyme must have occurred during homo 
gemzation It is evident that dilution of a freshly 
prepared homogenate causes considerable loss of 
activity even at room temperature, m the experi 
ment illustrated m Fig 13 there was an approxi- 
mately 16 % drop over the first 6 mm m the activity 
of the homogenate diluted with normal sahne 
The activity of the preparation homogenized with 
Mn"*^ remamed constant at a value which was 
approximately equal to the ‘ cefimg ’ value attamed 
by the homogenate activated with Mn'*"*' sahne after 
preparation Furthermore, the activity of the homo- 
genate contammg no Mn'*"*' could be raised to the 
same level when Mn"*^ was added at the end of the 
experiment, thus confirming our previous finding 
that dilution mactivation is reversible 

These results seem to be susceptible of two mter 
pretations On the one hand it may be assumed that 
the enzyme was fully activated m the mtact tissue, 
and that the activity of the preparation homogenized 
with iln'*^ represents, as nearly as can be deter- 
mined by present methods, the true tissue argmase 
activity The faU m activity which occurs dunng 
homog eniz ation m the absence of added Mh'*"*' can 
then be reasonably represented by some such curve 
as AB m Fig 13 On the other hand it is equally 
possible that m the tissue the enzyme was not com- 
pletely activated, and that m the preparation homo- 
genized with ATn ~*"^ activation of the enzyme up to 
the full ‘ceding’ value occurred dunng this process 
Tn this case the ‘native ’ eictivity may be represented 
by some pomt A' mtermediate between A and B 
(Fig 13), and the course of activation dunng the 
homogenization m the presence of Mh"^ by A'D 
At present there is no obvious way of decidmg be- 
tween these alternatives, either of which may hold 
for the particidar hver m question The results of 
the other two experiments seemed to mdicate that 
the argmase m the two hvers concerned could not 
have been fully activated m the ‘native ’ state, smce 
m each case the Mn"'^ -homogenized preparation 
showed some nse m activity at the begi n ni n g of the 
senes of determmations (depicted by the part- 
dotted hne m Fig 13), which doubtless represented 
the concludmg stages of an activation process 
mitiated dunng homogenization It is hardly 
possible to speculate m greater detail about the 
course of events dunng homogenization smce, m the 
present state of knowledge, these are bound to be 
obscure, but it seems safe to conclude from these 
experiments that the degree of activation of the 
argmase system in vivo cannot be deter min ed by 
present methods More work will be necessary before 
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it will be possible to evaluate the prospects of deter 
mining the true argmase activity of a given tissue 

In the meantime, determmations of the ‘potential ’ 
tissue argmase, 1 e of the level of enzyme protem 
m the tissues, a measure of which is given by the 
fully activated argmase activity of an homogenate 
(Mn'^'*' not Co"'"*' must be used), would seem to be 
of greater biological significance than determmations 
of argmase earned out m absence of Mn++, though 
such values (e g those of FoUey & Greenbaum, 
19470, 6), provided they are made under strictly 
standard conditions as regards dilution and are per 
formed as soon as possible after homogenization of 
the tissues, are almost certainly capable of leadmg 
to vahd conclusions regardmg relatively large 
changes m tissue argmase 

Rehance on determmations of the fuUy activated 
argmase, though this represents the best that can be 
done at present, is, however, not entirely satis- 
factory, smce we are faced with the difficulty of 
deciding whether observed changes m tissue argmase 
activity are due to changes m the concentration of 
the active Mn"*^ protem or merely to alterations m 
the proportion of an unchanged amount of protem 
which IS combmed with Mn'^'*' At present there 
seems to be no satisfactory way of deciding between 
these alternatives 

SUMMARY 

1 The argmase present m homogenates of rat 
hver and mammary gland has been studied by 
means of a sensitive reaction-velocity method m- 
volvmg colonmetnc determmation of urea 

2 The reaction velocity at the pH opt imum and 
m presence of excess substrate (0 227m) is sensibly 
hnear over the first 10 mm , so that, provided not too 
much substrate is hydrolyzed, amounts of urea 
formed m periods up to 10 mm are proportional to 
mitial velocities, and can be converted into smtable 
argmase umts without use of an enz 3 une cahbration 
curve Glenerally similar results were obtamed at 
pH 9 1m presence of 0 071m substrate 

3 The optimal pH (9 46) m presence of 0 227 m- 
substrate was the same for homogenates of both 
tissues, and was unaffected by full activation with 
Mn’’"'", the optimal pH was hardly affected by 
decreasmg the substrate concentration to 0 071m 

4 At the optimal pH there was no evidence of 
enzyme inhibition by excessive substrate concen 
trations, the results agreemg well with the Michaehs 
Menten theory, but at pH 9 1 such inhibition 
occurred and progressively mcreased as the sub 
strate concentration was mcreased above the 
optimum (0 071m) 

6 In the absence of added Ain'*"'', the argmase 
activity of hver and mammary-gland homogenates 
progressively falls even at room temperature and 
pH 7 The rate of mactivation is greater the more 
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dilute the homogenate, and it is doubtless duo to 
gradual dissociation of tho inotnl protom complex 
for min g the enzjTne Tho inactnntion can bo 
re\ ersed bj' addition of (full nctn ation taking 

an appreciable time oven at 37°), or provontod if 
Mn"'^ IS present from tho outset does not 

reactnate partially mactivnted homogenates vorj 
much, and if present from tho outset does little more 
than prevent or retard dilution mactivation IMn"*"'' 
and not Co"'"*" is tho metal component of the argmnso 
system m the tissues, tho en7\Tno svstom being 
reversibly dissociable 

6 Studies of tho Imiotics of dissociation inncti 
vation and reactivation by Mn"’"*' indicate that tho 
enzyme maj not always exist m tho full\ acti\ nted 
state VI VIVO Tlioro is no known method by which 
the degree of actuation of tissue argmoso can 
be detemnned, and most biological sigmficanco 
attaches to tho concentration of onz3nno protom 
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(i o potential argmnso) m the tissues, a measure 6f 
which 13 gi\on by tho nctivntj' of a homogenate 
fullj activated by Mn'*"*' 

7 The onzjTnos in liver and mammary gland 
homogenates are so similar m properties that they 
can be considered identical In some respects tho 
enzj'mo m tissue homogenates probably behaves 
more like tho ‘native’ cnzjTuo than does that m 
portinlli' purified preparations Homogenates are 
thus preferable to extracts for tissuo argmoso studios 

8 A routmo method for tho dotormmation of 
tissuo nrgmaso is described It mvolvcs homogeni- 
zation of tho tissuo, and tho dotormmation of tho 
nrgmaso nctivitj of tho homogenate, fully activated 
bv jNIn with onlj' 6 mm , and sometimes only 
1 mm , hvdroljisis 

Wo nro indebted to Jlr S C Watson and Moss P Haskor 
for technical assistance 
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Carbonic Anhydrase as a Tool m Studying the Mechanism of Reactions 

Involving H2GO3, CO2 or HGO3 

By H a KHEBS aito F J W ROUGHTON, Medical Research Council Unit for Research 
in Cell Metabolism, Department of Biochemistry, University of Sheffield, 
and Department of Colloid Science, University of Cambridge 

{Received 16 April 1948) 


In the study of en 2 ynuc processes where CO^ or 
HCO^ or HjCOa are reactants, either as end products 
or as starting material, it is often of mterest to know 
the order m which the three forms of carbonic acid 
of the reversible system 

COj + HjO BIjCOj ^ H+ + HCOJ 

arise or react F or example, when urea is acted upon 
by urease m a buffer solution the end products are 
NHi, COj, and HCO 3 and the question presents 
itself whether COj, or HCO 7 , or HjCOj is the 
primary form of carbomc acid. Similar problems 
arise m studymg the mechanism of decarboxylation 
of a- or f ketomo acids and of the bacterial fission of 
fomuo eicid mto and COg 

As Roughton and his colleagues (Meldrum <& 
Roughton, 1933, Ferguson & Roughton, 1934, 
Roughton, 1936) have already pomted out, carbomc 
anhydrase can be used as a tool m studying this kmd 
of problem The present paper is an attempt to 
discuss the scope of this tool, to elaborate the experi- 
mental conditions under which it can he used and to 
define the conclusions which can be drawn from 
various types of experiments Apphcations of the 
method to the study of urease and yeast carboxylase 
are given 

— Theoretical considerations 

(general In this paper the term carbomc acid is 
used to mean the sum of the true carbomc acid 
(HjCOs) and the forms arismg therefrom by electro- 
lytic smd molecular dissociation Under physio 
logical conditions, 1 e m the region of neutrahty, 
carbomc acid is present m four forms 

COi, HjCOg, HCO 7 and COJ", 

withCO.andHCO^predonunatmg The composition 
of the eqmhbnum mixture m a closed system, with 
a gas phase and a hqmd phase, is governed by the 
volumes of the gas and hqmd phases, the dis 
Bociation constants of carbomc acid, pH, and the 
absorption coefficient of COj 

The effect of carbomc anhydrase on the course of 
a reaction m which carbomc acid takes part depends 
on the nature of the primary product (whether COj 
or HoCOj) and'on the factors controlling the secon- 
dary reactions leadmg to the formation of the 


equihbrium mixture Among the latter, the pH and 
the nature and concentration of the buffers are out- 
standmg m importance 

The use of carbomc anhydrase is hmited by the 
foUowmg two requirements ^ 

(1 ) The rate of the reaction m which car borne acid 
IS formed or used must be rapid m comparison with 
the rates of the imcatalyzed reaction 

HjCOj^^HjO-f-CO, 

Otherwise no observable effect will be caused by 
addition of the enzyme 

(2) The reaction must take place under con- 
ditions where carbomc anhydrase is active, sub 
stances inactivating carbomc anhydrase must be 
absent 

In the following discussions specific cases showmg 
the effects of carbomc anhydrase are analyzed m 
detail and illustrated by manometnc experiments 
The treatment refers to conditions where a re 
latively small amount of substrate is added to an 
enzyme sufficiently powerful to decompose the sub- 
strate completely m a matter of mmutes 

Effects of carbonic anhydrase if COj is the primary 
form of carbonic acid If COg is the primary product 
and the pH is m the region of 6 0 carbomc anhydrase 
should not have an appreciable effect because at 
that pH COg does not form bicarbonate to an 
appreciable extent 

If, m contrast, the pH is higher, say m the region 
of 7 0 or higher, some COg will enter mto secondary 
reactions yieldmg mamly HCO3 The change of COj 
pressure m a closed system wfil then depend on the 
relative rates of (1) the primary reaction yieldmg 
COj, (2) the secondary reaction convertmg COj mto 
HCO 7 , and addition of carbomc anhydrase should 
dunimsh the rate of CO, evolution m the early 
stages, but the precise effect of carbomc anhydrase 
will vary accordmg to the relative rates of (1) 
and (2) Thus if (1) is much more rapid than (2), 
a rapid evolution of CO, m excess of the equih- 
bnum will be followed by a slow absorption of the 
excess (Table 1 and Fig 1), as the rate of (1) 
approaches that of (2), the amount of excess CO, 
diminishes (Table 3, Figs 3 and 4) In both cases 
the addition of carbomc anhydrase wfil accelerate 
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the rate of (2) and thoroforo lo\\ or tho COj proaeure ui 
the early stages of tho reaction, so that tho system 
IS m equihbrium tliroughout tho reaction, but tho 
effect of tins enzjTno is of course less marked m tho 
second case If tho rate of (l^is equal to tho rato of 
(2), COj will not bo evolved m excess of tho equili- 
brium, and m this case carbomc anliydraso will havo 
no demonstrable effect 

Effects of carbomc anhydrasaf HCOj or HjCOj is 
'the primary fonn of carbomc acid As tho reactions 
H,C 03 viH''' + HC0J are oxtromoly rapid m com- 
parison with tho reaction HjCOj H.O -h COj tho 
effects of carbomc anliydraso are expected to bo tho 
same if either H.COj or HCOJ is tho primary product 
of the reaction In both cases carbomc anliydraso 
will accelerate tho evolution of carbon dioxide if tho 
pH 18 at or near tho neutral point An example is 
tho standard proceduro of Jleldrum <L Houghton 
(1933) of mixmg a bicarbonate solution with phos 
phate buffer m the presence and absence of enzyme 

As the pH rises, the formation of CO, from bicar- 
bonate decreases m magmtudo until it becomes 
neghgible above pH 8 0 Effects of carbomc an 
hydrase are therefore not expected at that pH On 
the acid side of the neutral pomt, say between pH 6 0 
and 6 0, the rate of the uncatalyzed decomposition 
of HjCOj 18 1 ’ory rapid and the monomotne measure 
ment of the acceleration by carbonic anbydroso 
becomes difficult 

EXPERBIEHTAL 

General technique The moaBuremontB consisted of tho 
wanometno determination of tho change in tho pressure of 
CO, withm a closed system Tho experiments wore earned 
out with Warhuig manometers, which were more con 
venient for the present work than tho boat method Corneal 
flasks of about 20 ml capacity were used, havmg a sido 
arm firom which the substrate was added, but no centre 
well as the latter hmders tho rapid movement of the fluids 
In each experiment two manometers with flasks differmg m 
volume by less than 1 % wore used Identical quantities of 
the enzyme (urease or carboxylase), buffer, substrate and 
crude carbomc anhydrase were added to both flasks and an 
inhibitor of the latter enzyme (thiophen 2 sulphonamide) 
to one of tho flasks The two flasks therefore differed only 
by the presence of a small amount (usually 0 02 mg /mL) of 
, inhibitor Tho possible alternative of addmg carbonic an 
hydrase to one flask only may cause comphcations as im 
purities m tho enzyme may have buffermg oapacities which 
affect the equihbnum It is essential that the two flasks 

CO 

should be equal m volume as the ratio ; ^ 

total carbomc acid 

m the equihbnum mixture- depends on Vg and Vf The 
changes m CO, pressure therefore are not directly com 
parable if vessels of different sizes are used. 

The quantity of substrate added was relatively small, 
eqmvalent to a maximum yield of 1000-2000 pi carbomc 
aoid Under these conditions the end pomt was reached 
within a few mmutes and the pressure changes did not 
exceed the scope of the manometer scales 


All important control in tlus typo of oxpenmont is tiio 
measurement of the finalx aluo of tho CO, output TIio rates 
m two parallel nianomctno vessels are compamblo only if 
tho pH’s and tho concentrations of tho buffers are identical 
Tlio fliml CO, \nluo is determined by tho pH and tho buffer 
concentration and its measuromont la thoroforo a chock on 
tho identity of conditions lu tho two flasks 

Tho manometers were first shaken slowly until oquili 
bnum was established Tho contents of tho Bido arms of 
tho two flasks were then mixed simultaneously by two 
people and tho rate of shaking was increased to about 
160 pcnods/min , ivith an amphtudo of 7 cm at tho 
level of tho bottom of tho flasks Two small glass beads 
(2 nira diam ) were placed in tho solution to mercaso tho 
offcclu cness of shaking 

In expenmonts m which a substrate was added from tho 
side arm to an enzyme tho pH of subatruto and enzyme 
solutions WTis carefully adjusted to tho same value, ns 
checked by colorimctno and clcotromctno measuroments, 
and tho initial amounts of CO, and HCO,~ in both solutions 
were kept as low ns possible If tiio solutions contam HCO," 
differences m pH cause pressure changes on mixing which 
may ntiato tho results of tho enzymio process 

Tho tempemturo of tho bath was low, usually 16° or 
below Owing to tho rolatiioly high tempemturo coofii 
cicnt of tho uncatnlyzcd reaction H,CO,viH,0 + CO, (see 
Roughton, 1013) tho offccta of carbomo anhydrase are 
bkcly to bo greater tho lower tho temperature 

Urease. Jack beans obtamed from tho Imponnl College of 
Tropical Agnculturo, Trimdad, wore broken up in a coffbo 
grinder and tho husks were separated from tho romamdor 
by sieving Tho bean meal (0 g ) was shaken for 10 min 
with water or buffer solution (60 ml ) and contnfugod At 
15°, 2 ml of tho supernatant decomposed 2 6 mg urea com 
plotely m about 40 sco 

Carboxylase Treshly pressed brewer’s yeast was spread 
m thm layers and allowed to dry m tho oir This required 
less than 24 hr Tho dried matennl was stored m a cool, dry' 
place Tho carboxylase preparation was made on tho day on 
which it was used by incubatmg a mixture of 20 g dned 
yeast andffO ml water for 2 hr at 30° and centnfugmg, the 
supernatant was used as carboxylase At 16° and pH 6 6, 
3 ml solution, on addition of 782 pyruvate, hberated 
230/tl CO, dunng tho Ist mm and 310/d dunngtho2nd 
min Tho rate of pyruvate decomposition was of the same 
order at pH 7 0 

Carbonic anhydrase Most oxpenmente wero mode with 
the chloroform^ithanol preparation of Roughton & Booth 
(1040), ox blood servmg os the starting matenaL In a few 
oases laked ox blood was used In the foUowmg protocols 
‘carbomo anhydrase’ refers to the undduted chloroform 
ethanol extract, unless stat^ otherwise To obtam maxi 
mum offoots it was necessary to add about 0 1 ml of this to 
2 or 3 ml of tho reaction mixture 

Inhibitors 'Thiophen 2 sulphonatmde, kmdly supphed 
by the Amenoan Cynnamido Company, was used as a 
standard inhibitor, 0 1 ml of a 0 06% aqueous solution was 
added to the solution According to Davenport (1045), the 
discoverer of the inhibitory action of this compound, thio 
phon 2 sulphonanude, is about 0 times as inhibitoiy as is 
Bulphamlamide at 0° After most of the work reported m 
this paper was completed it was found that p toluene 
sulphonamide is atdl more effective os an mhihitor than 
thiophen 2 sulphonamide, and this substance was used m 
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some expemaents Controls indicated that these sulphon- 
amides had no significant effect on the activity of urease or 
yeast carboxylase when carbonic anhydrase ivas absent 
Addition of buffers As the magnitude of the secondary 
reactions of carhomo acid depends on the concentration of 
buffers, phosphate was added to the enzyme solutions in 
most experiments, the amounts added are stated later 

EoSpenments vnth urease 

Our first expemaents with urease were earned out 
in 1934 and have already been referred to briefly 
(Rougbton, 1936) The expeninental conditionB m 

Table 1 Effect of carbonic anhydrase on the course of 
COj evolution from urea in the presence of urease 
(Each flash contained 2 ml jack bean extract (6 g ground 
jack beans shaken with 60 mL 0 06m phosphate buffer 
pH 7 4, centrifuged and supernatant used, pH C 9) and the 
additions stated below in the mam compartment, 0 26 ml 
10% urea (=930 pL CO,) m the side arm, 16°, Co 18 

1962) o . CO, 

CO, evolved (yi ) 


Tmje after 

Elask 1 

(0 2 ml carbomc 

\ 

Flask 2 

anhydrase, 0 1 ml 

0 05 % thiophen 

(0 2 ml carbonic 

mixing 

anhydrase 

(mm.) 

2-sulphqnanude) 

0 1 ml water) 

06 

662 

120 

1 0 

666 

137 

1 6 

610 

138 

20 

470 

138 

26 

427 

138 

30 

388 

138 

40 

326 

138 

60 

275 

138 

60 

230 

138 

80 

186 

138 

10 0 

164 

138 

13 0 

148 

138 

18 0 

138 

138 

26 0 

138 

138 
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Time (mfn ) 

Elg 1 Effect of carhomo anhydrase on the evolution of CO, 
in the system urease urea (16°) 


F J W ROUGHTON 

of the theoretical yield) Of this amount 428 pi 
were reabsorbed m the course of 18 mm In the 
presence of carhomo onliydrase there was no excess 


Table 2 CO, evolution from a mixture of methyl- 
amine carbamate and phosphate buffer vnth and 
vnthout carbonic anhydrase 

(Both flasks contamed m the mam compartment 3 inl 
01m phosphate buffer, pH 0 6, and the additions stated 
below, and m the side arm 0 3 ml 1 2 n methylamme 
carbamate carbonate solution prepared by passing GO, 
through a solution of methylamme imtil it turned ahzarme 
yellow to pmk orange The total CO, content of the 
solution (carbamate + carbonate) was 0 470m and the pH 
was 10 4 (see Eaurholt, 1924), 16° ) 

CO, evolved (pi ) „ 


Flask 1 

Time after Carhomo Flask 2 

inmmg anhydrase Water 

(lajo) (02 m}) (0 2 ml) 

0 33 169 721 

0 67 232 960 

1 0 270 1033 

1 33 288 1040 

1 67 301 1026 

_ 2 0 310 1000 

3 0 321 908 

4 0 324 825 

6 0 524 682 

10 0 324 608 

14 0 324 409 

20 0 324 366 

30 0 324 331 



0 10 20 30 


Time (min ) 

Fig 2 Effect of carhomo anhydrase on the evolution of CO, 
m a mixture of methylamme carbamate and phosphate 
buffer (15°) Carhomo anhydrase added, water 

added - x - X - 


which effects of carbomc anhydrase can he demon- 
strated are given m Table 1 and the results are shown 
graphically m Fig 1 It will he seen that m the 
absence of carbomc anhydrase urea equivalent to 
930 pi CO, yielded 666 pi CO, withm 60 sec (61 % 


production of COj, and the final yields of CO, were 
the same with and without the enzyme 

In further experiments the concentrations of the 
reactants were varied Whenless carbomc anhydrase 
was used there was a small excess production of 
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CO. e\ en in the presence of the enzjTne "When the 
urease solution w-as diluted 10 tunes nuth phosphnto 
buffer pH 7 1 the course of the reaction n us pro 
tracted and the excess CO« ivns smaller m amount 
but still marked The effects of carbonic anliydroso 
were also demonstrable at 30° On the other hand, 
as expected, no -effects of carbonic onliydrase n cro 
obsen'ed at 15° at pH 0 0 (phosphate buffer) or 5 0 
(acetate buffer) 

The results make it certam that bicarbonate or 
HjCOj are not primarj' products m tho action of 
urease Tliej are m accordance mtli tho vion that 
pnmary reaction products are cither atnmomum 
carbamate or CO.-bNHj IMien a solution contam- 
ing a carbamate is added to on approximately 
neutral buffer, cur\ es of tho same general shape os 
those given by the urea urease system are obtamed, 
as Ferguson iSo Houghton (1934) have shovm, and ns 
IS further dluatrated by Table 2 and Fig 2 Tho view 
that ammomum carbamate is an mtermediate vros 
first expressed by Fenton (1885) and by Armstrong 
iL Horton (1912), and substantiated by Yamasala 
(1920), jSlack Villars (1923), and especially by 
Sumner, Hand & Hollovray (1931) The lost named 
workers showed conclusively that ammomum car 
hamate is formed when urease is allowed to act m 
alkahno medium It could not be detected m the 
presence of buffers The authors rightly pomt out 
that the demonstration of the presence of ammomum 
carbamate does not necessarily prove that tlus sub 
stance is the first mtermediate The reversible 
reaction 

COj + 2NH3 ^(NH4)0C(0NH,) 


is extremely rapid (Faurholt, 1924), and m the ex- 
periments where carbamate was detected it could 
have arisen either directly from urea or secondarily 
from COj and NHj It is not possible at present to 
distuiguiBh between these alternatives 

The action of urease and the subsequent senes of 
reactions m the presence of buffers may therefore be 
wntten as follows 


urease 

C 0 (NH.) 3 -fH 50 - 

2NH3 + 2H+^2NH7 

CO^-fHjO^HjCO, 

H,C03^H+-fHC07 


COj-(-2 NH3 

COO''-fNH+ 


Balance COfNHj).-f 2H20-tH+ ->-21^:7 -t-HC07 


JSxpenmenla with yeast carboxylase 

To 20 ml yeast extract were added, immediately before 
use, Na^HPOi 2H,0 (178 mg ) and, drop by drop, CO, free 
N NaOH (1 7 ml ) The resulting turbid mixture turned 
phenol red pmk and showed eleotrometncally a pH of 7 0 
A 0 2u pyruvate solution of the same pH and phosphate 
concentration was prepared from a N stock solution of 
pyruvic acid, NojHPO, 2 H 5 O and CO free x NaOH 


Tho details of tu o oxperunonts sliowmg tho effects 
of carbomo anliydrase are given m Table 3 and 
Figs 3 and 4 In both oxporimonts carbomc an- 
liydroso retarded the evolution of CO. m tho manner 
expected for a reaction yioldmg CO. as tho pnmary 
product At 7 6° the excess of CO. evolved was 
greater than at 16° and the effect of carbomc on 
hydraso correspondingly more marked A greater 
effect 18 expected at a lower toraporaturo if the tem- 
perature coefficient of carboxylase (winch is about 
2 I ) 18 smaller than that of tho uncatalyxod hydration 
of CO. 

As rogardfl tho rate of CO2 evolution from its sub- 
strate tho carboxylase was loss potent than the 
urease, and m addition, tho rate of reaction dropped 
more rapidly until docroasmg substrate concen- 
tration m tho caso of carboxylase These two factors 
account for tho differences m tho shapes of the curves 
obtamed wnth tho two enzymes, although m both 
eases COj is the primary' product 

In similar experiments at pH 6 0 and 6 0 no effects 
of carbomc anhydrase w ere seen 

It will be noted that there is a short lag period 
before the full rate of CO, evolution is reached It is 
very unlikely that any significantpart of this lag is due 
to diffusion Attempts to abolish the lag were unsuo 
cessful Addition to the mam compartment of small 
amounts of glucose or pyruvate wluch were decom 
posed dunng the equihbration penod had no effect 
The experiments leave no doubt that CO. , and not 
H.CO3 or HCO7, is the primary product of decarb 
oxylation This result is m contrast to that of 
Conway & JIaoDonnell (1946), who claimed m a 
prelmunary pubhcation to have observed an ac 
celeration of the CO, output by carbomc anhydrase, 
when yeast carboxylase acts upon pyruvate Prof 
Conway has kmdly supphed the full experimental 
details m the procedure employed by Conway <L 
MacDonneU, and it lias therefore been possible to 
repeat then- experiments Conway & MacDonneU 
worked at pH 6 6 and 37° and added a large excess 
of pyruvate Under such conditions we did not find 
any difference between the rates of CO3 evolution 
m the presence and absence of carbomo anhydrase 
and the results of Conway & MacDonneU thus could 
not be confirmed At pH 6 6 and 37° the rate of the 
uncatalyzed dehydration of HjCO, is very fast, the 
tune for the half reaction being about 0 8 sec , no 
additional manometno effect is therefore to be 
expected on addition of carbomc anhydrase, and the 
effects recorded by Conway &, MacDonneU cannot 
have been due to carbomc tmhydrase, their ongm 
remains unexplamed 

It should be noted that the graphs published by 
Conway & MacDonneU are not directly comparable 
with those given m this paper, as Conway & 
MacDonneU plotted the rate of CO. evolution (not 
the total COjj output) against time 
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Table 3 Effect of carbonic anhydrase on the course 
of CO 2 evolution from pyruvate in the presence of 
yeast carboxylase 

(For detailfl of carboxylase and pymvate solution, see 
text Each flask contained 3 mL carboxylase and 0 1 ml 
carbomc anbydrase in the mam compartment and 0 4 ml 
0 2 m pyruvate m the side arm Flasks (1) further contamed 
0 1 ml 0 05 % thiophen 2 snlphonamide solution m 

Exp 1, 2 13, m Exp 2, 2 24 ) 


COj evolved (/d.) 


Time after 
mixing 

Exp 1 (16°) 

^ 

Eip 2 (7 6°) 

A 

t 


f 


(nun ) 

F^sk 1 

Flask 2 

Flask 1 

Flask 2 

06 

11 

8 

11 

10 

1 0 

46 

23 

23 

18 

1 6 

92 

46 

46 

- 26 

20 

140 

77 

72 

42 

26 

200 

113 

103 

66 

30 

261 

166 

137 

80 

40 

366 

234 

200 

122 

50 

412 

302 

266 

164 

60 

469 

366 

306 

206 

7 0 

611 

405 

347 

241 

80 

622 

443 

383 

274 

10 0 

542 

490 

441 

336 

12 0 

664 

616 

490 

389 

14 0 

— 

— 

626 

421 

16 0 

— 

— 

640 

468 

17 0 



— 

646 

466 

19 0 



— 

646 

486 

210 



— 

536 

490 

25 0 

685 

682 

616 

499 

30 0 



— 

600 

602 

400 

691 

688 

600 

602 



The use of Warburg manometers for the estimation 
of carbonic anhydrase activity 

The reaction between bicarbonate and hydrogen 
ions and the effects of carbonic anhydrase thereon' 
have already been thoroughly investigated by pre- 
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vious workers (see Roughton, 1943), but the use 
of the Warburg manometer for the study of this 
reaction has not been described m detail The fol 
lowmg experimental conditions, which are similar to 
those used m various forms of the ‘boat’ method of 
Meldrum & Roughton (1933), were found to be 
smtable for the given dimensions of the Warburg 
flasks 

Soltdtons Phosphate bufler (0 1 m) prepared by mixing 
300 ml OlMNajHPOi with 200 ml OImKHjPO,, 
NaHCOj 0 1m and 0 05 m 

Manometnc arrangement For experiments at 0°, 2 ml 
phosphate bufler, and additions such as carbomc anhydrase 
and inhibitors m a total volume of 0 2 ml , were measured 
mto the mam compartment and 1 ml 01 m NaHCO, mto 
the side arm For experiments at temperatures between 
16 and 40°, 1ml buffer was used instead of 2 ml , and 1 ml 

0 05M-NaIICOj was placed m the side arm An experiment 
at 16° IS shown m Table 4 It will be seen that the imtial 
rate was accelerated more than sixfold by the enzyme At 
38° the mitial acceleration was about twofold 

At low enzyme concentration the acceleration 
caused by carbomc anhydrase is proportional to the 
enzyme concentration as shown m Table 6 which 
gives dbtails of an experiment earned out at 0° The 
uncatalyzed reaction, as well as the mcrease caused 
by relatively small amounts of the enzyme, pro- 
ceeded approximately Imearly until about one thud, 

1 e about 80 mm , of the 'Snal pressure change had 
been reached Later the rate of reaction fell off In 



Fig 4 Effect of carbomc anhydrase on the evolution of COj 
m the system yeast carboxylase pyruvate (7 6°) 


quantitative experiments the imtial thud section of 
the curve was used m calculating the activity of 
carbomc anhydrase A reading m the region be- 
tween 60 and 80 mm was chosen and from it the 
rate of reaction for a standard period, usually 30 
or 60 sec , was calculated The apphcation of this 
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procedure to the data recorded in Table 6 gives 


the followmg figures Increnso duo 

CO, (fil ) to carbonic 
o\ oU cd m nnhj draso 

30 sec ((d COj) 

No-onzymo added 20 — 

Enzyme dduted 1/320 40 29 

Enzyme dduted 1/lGO 80 00 

Enzyme diluted 1/80 138 118 


The increased CO. output is thus proportional to the 
amounts of enrbome anliydrase added The pro 
cedure is, therefore, suitablo for quantitative 
measurements on the concentration of tho onzymo 
m tissues and on the action of mlnbitors It must be 
emphasized that the rigid precautions m cleonhness 
— acid waslimg, rinsmg mth doubly distilled water, 
prevention of contamination by gas and metallic 
impurities — ^which Roughton <5o Booth (1940) found 
necessary-j are essential for obtninmg reproducible 
results E\en when these precautions are taken 
single results cannot bo relied upon, duplicate or 
tnpheate experiments are essential 

Table 4 Effect of carbonic anliydrase on the reaction 
between NaHCO, and phosphate buffer, measured 
tn Warburg manometers 

(The carbomo unbydraso preparation was the chloroform 
ethanol extract from ox red cells, dduted 20 fold, the mam 
compartment contamed 1 ml buffer (see text) and the side 
arm 1 nil 0 05m NaHCO,, 16°, 2 32 ) 

CO, evolved (pi ) 


Time after 

Flask 1 
Carbomo 

Flask 2 

mixing 

anhydrase 

Water 

(mm ) 

(0 2 ml) 

(0 2 ml) 

0 33 

196 

30 

0 67 

280 

03 

10 

332 

98 

133 

354 

128 

167 

372 

164 

20 

382 

179 

30 

399 

244 

40 

402 

296 

90 

406 

392 

16 0 

406 

406 


In previous work the reciprocal of the tune taken 
for a given evolution of CO, has been used as a 
measure of the enzyme activity, but if the rate of 
CO, evolution is hnear, as is here the case m the 


Table 6 Effect of varying quantities of carbonic 
anliydrase on the rate of CO, evolution from a 
mixture of phosphate buffer and bicarbonate 
(0°, \oliimo of manometer flasks, 24 ml , tho carbonic 
nnhj draso preparation was obtamod from ox blood colls 
by treatment with oldoroform and ethanol (Roughton 
Booth, 1040), for further details, see text, tho data are 
averages of duplicate dotcrminalions ) 


Pressure (mm ) obsenod manomctncally 


Time 
after 
mixing 
(min ) 

f 


A 

With 0 1 ml 

enzymo 


t 

Without Diluted 
enzyme 1/320 

Diluted Diluted 

1/lCO 1/80 Undiluted 

05 

10 

25 

42 

69 

204 

1 0 

20 

60 

80 

130 

248 

1 6 

31 

73 

110 

170 

269 

20 

42 

94 

133 

195 

204 

26 

62 

113 

167 

212 

267 

30 

02 

128 

109 

224 

267 

40 

79 

168 

194 

241 

— 

60 

90 

180 

210 

261 

— 

70 

124 

212 

232 

259 

— 

12 0 

108 

266 

247 

202 

■ — 

17 0 

208 

203 

203 

264 

267 


early stages, it is eqmvalent, and simpler, to use the 
amount of CO, evolved m 30 or 60 sec as a measure 
of activity 

SUMMARY 

1 Wien a powerful urease preparation is allowed 
to act upon a limited quantity of urea m a neutral 
buffer at 16°, CO, is rapidly evolved and later 
gradually reabsorbed Kcarbomcanhydrase is added 
no excess of CO, is evolved These results support the 
conception that CO,, and not HCO^ or COJ, is a 
pnmary mtermediate m the action of urease on urea 

2 Carbomc anhydrase has a similar effect m the 
system yeast carboxylase pyruvate, under certam 
conditions, which are described The results mdicate 
that CO,, and not HCOJ or HjCO,, is the primary 
produotmthe enzymic decarboxylation of pyruvate 

3 The effects which are to be expected when 
carbomo anhydrase is added to systems m whioh 
CO, or bicarbonate are reactants are discussed firom 
a general pomt of view 

4 The use of Warburg manometers for the quan- 
titative determmation of carbonic anhydrase ac- 
tivity IB described 
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Prolonged electrophoresis of human serum has de 
monstrated the non -homogeneity of the albumm m 
phosphate buffer at pH 8 and lotuc strength 0 1, the 
migration velocities of the boundaries of the two 
mam components, as apparent from the patterns, 
differmg by about 2% or less (Bhx, Tisehus & 
Svensson, 1941, Hoch & Moms, 1946) Under the 
conditions of these experiments,! e similar mobdities 
and comparatively low lomc strength, the conven- 
tional methods of analysis of the patterns cannot be 
apphed, smce here the separation of the boimdary 
peaks and the relative areas m the gradient curve 
are not even approximate measures of the difference 
m mobihty and of the relative proportions of the two 
components m the ongmal mixture A detailed 
analysis of boundary anomahes of this kind was 
given by Svensson (1946) The calculation of the 
true proportions and relative mobdities by means of 
the theory avadable at present (Svensson, 1943, 
Dole, 1946, Svensson, 1946) can yield only approxi- 
mate information on account of the necessity for 
assumptions concerrung changes m mobihty of the 
10 ns across the boundary A simplified method of 
treatmg the data has been suggested for use under 
certam conditions (Hoch, 1948) 

In the present paper, the ascendmg patterns of 
albumm obtamed after prolonged electrophoresM of 
normal and pathological sera are studied by a pro 
cedure similar to that used previously 

THEORETICAL 
Definition of symbols 

Pj, Fj= migration velocities of proteins 1 and 2 at mfimte 
dilution m the bufPer used as supernatant, F^, V^t = actual 
migration velocities of proteins 1 and 2 below the ascendmg 
boundaries, 0/= concentration of protem 1 m the region 
between the ascendmg boundaries of 1 and 2, Gi' = con 
centration of protem 1 m the region below the ascendmg 
bonndaiy of protem 2, C/ =total concentration of protem 
m the region below the ascendmg boundary of protem 2, 
Of, Gj' and 0/ are expressed m g /100 ml , K = coefficient as 
de6ned m the text, =mobihty of a protem at infimtely 
low protem concentration m the buffer used as supernatant, 
!7= mobihty of this protem m the actual solution below 
the protem boundary p~o= constant as defined m text, 
I =current/tmit area of cross section, S =sej)aratiion of two 
boundanes/umt time 

Nolalton for Svensson’s (1946) equation (21) Cji=iomo 
concentrations In electrochemical eqmv /ml above colloid 
boundary, with the signs of the charges, K^=iomc mobih 
ties m cm 2 y — 1 ggQ —1 above colloid boundary, with the 
signs of the charges , = mobihty ratio across the colloid 


boundary, C = concentration of a leadmg ion m eqmv / ml 
ivith the sign of the charge, V =mobilrty of ooUoid ion 
above the boundary, defined by equation (22) of Svensson 
(1946), K-i/«i=rratio of conductivities of solutions above and 
below the colloid boundary 


The relation between migration velocity and 
concentration of serum albumin 


The conditions obtainmg m the region between the ascend 
rhg bonndaiy of a leadmg protem and the foUowmg ion 
depend only on the properties and concentration of the 
leadmg protem 10 ns m this layer, and on the buffer solution 
used as the supernatant flmd. This was the same m all 
experiments Assuming (a) that m this region the relative 
change m migration velocity with protem concentration 
(expressed m g /lOO ml) is the same for the two mam com 
ponents of serum albumm at pH 8, and (6) that the relative 
rate of change of the migration velocity of one component, 
when at mfimtely low concentration, with mcreasmg con 
centration of the second component, is equal to the relative 
rate of change of the migration velocity of the second com 
ponent with mcreasmg concentration of this component, 
then 

T"a= = Fs(l-(-ffC,') and F„ = Fi(l+ff(7iO, (1) 
where the subscripts 1 and 2 refer to the faster and slower 
albumm components respectively, K was considered to vary 
httle with the protem concentration, when this is low 
(Hoch, 1948) In the derivation of the expression for K on 
the basis of Svensson’s (1946) theory, the mobihty ratio for 
the protem, 17/ f7i, was taken to be equalto thatof the buffer 
10 ns across the boundary 

An expression for K can also be denved, if the ratio 
(7/{7i for the protem ions is taken to differ from that of the 
buffer 10 ns by amounts proportional to the protem con 
centration (expressed m eqmv /ml ), 1 e 

^(i;aO=^4 (2) 

By combining (2) with Svensson’s equation (21) (1946) 


we have 



Un-TJ 


+ C=0, 


— (1 +aC) 


+ 0=0 


In the following, S 




wiU be written S 


iCl «s Kl 1/ ^ 


Kt 


ft 


u s 

_ = (l4a0)^, 

U o(7S + C_H-a2 
S-C 




(31 
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K 13 defined ns previously, or from (1), 

1 


inserting 


and firom (3) 


V, ’ 

r .,.2 „d r .-^, 

(1 +aS) Q. X 10-» 




2-9,xlO-=xC,'’ 


Tho sopamtion per umt timo, S, of the two boundancs, 
after they bavo migrated and respectively, is 


^ (Fi - It) (1 + A (7,0 (Hoeb, 1048) from which 
Cl 


Vi-V.=S 


Cl' 


C/d+AC,') 

Inserting (G) into (6) 


O) 


and 


C/= 


Cl' 




(0) 


(7) 


where the concentration of protem is expressed m g /lOO ml 
and Q, is the net oharge/g protein Solving (4) for Q, wo 
have 


e.xio-'-= 


Ars 


l+oS + ACj' 


From equation (7) tho proportion of the faster component 
in the total can be obtained Tho relative difference m 
migration velocity at mfimtoly low nlbnmm concentration 
(=tclnti\o difference m mobility) is best cnlculatcd from 
equation (C) after Ci'/Cj' has been found from equation (7) 


If oS IS negative, tho value of Q, thus found is larger, if 
positive smaller, than that fdund from equation (4a) of the 
previous paper (Hoch, 1948) 


ft X 10-° 

:s:^^-Q.xlQ-"-xC,' 

u„-U ' 

derived by usmg the assumption that the mobflity ratios of 
all ions are equal, ne the coefficient of Oi in the denomi 
nator in (4) is larger (or smaller), so that vanations m Oj' 
have more (or less) effect on E The variation m S with Ci 
IS here comparatively small, as the numerical calculation 
showed No data are available to estimate o, but for tho 
present purpose it may be sufficient to evaluate the vona 
tion m K with Gi for an arbitrary limiting case, m which 
this variation is greatest For example, usmg the oxpen 
mental value of 5^=0 06 (Hoch, 1948), and takmg tho value 
of Q, as being 26% higher than that of Q, given m the 
hterature (for references see Hoch, 1948), with the help 
of equation (4) a= +0 46x10* and the change in A' is 
calculated to be +11%, when C7i' mcreases from 0 to 1 g 
albumm/100 mL 

In the present study the approximation is made that E is 
mdependent of the albumm concentration and the numencal 
value of 0 06 IB used m a\l calculations In consequence, all 
the values given below for the relative proportions and 
relative mobdities should be considered as approximations 

Calculation of the rdalivt. proportions and the relative 
difference in mobility of the two albumin components The con 
centration of the faster albumm component ahead of the 
boundary of the slower component adjusts itself to such a 
value that the mcrease m concentration across thm boundary 
IS balanced by the decrease m migration velocity The 
amount of the taster albumm lons/umt cross section which 
passes the boundary of the slower component must be the 
same whether calculated m terms of the migration velocity 
behmd the slower boundary or that ahead of it. Usmg 
equation (1), this is expressed by 


(Fi-F.) (l+^Cf) Cf 

= Fi (1 + ACiO Of - Vt (1 +EOi') C-f 
= (Fi - F;) (1 +ECt') Oi'-ViE {Of -Of) Of 


yiE{Cf-Of)C,' 
' riV- F.) (1 +AC,0 


EXPERIMENTAL 

In most of tbo cases 4 ml of fresh serum were diluted with 
8 ml phosphate buffer of pH 8 and lomo strength 0 1, and 
ibalyzed agamst 2 1 of this buffer for 1—4 days at 0-4° Tho 
scrum protem concentration was determmed by micro 
Kjoldahl or by tho specific gravity method of Lmderstrom 
Lang (Hoch A Manaok, 1945) Tho 11 ml Tisebus ceU and 
the Phdpot-Svensson optical system with a diagonal edge 
or wire (Svensson, 1939), or both, were used The potential 
gradient wns about 10 V cm and the bath temperature 
0 1° After 70-80 mm the serum patterns were photo 
graphed, and then a steady flow of buffer mto the electrode 
vessel of tho anode was started and kept up so that the 
albumm boundary did not migrate out of the top compart- 
ment of the U tube The patterns were evaluated by the 
method of Svedberg A Pedersen (1940) as used by Longs 
worth (1946), m which the areas of the peaks of the gradient 
curve are bmited by Imes similar to Gauss curves This 
procedure mvolves much uncertamty m the analysis of 
patterns fixim the serum albumm, the components of which 
have not been completely separated (PI 10) and no more 
than a crude estimate of the apparent relative proportions 
of the albumm components was attempted Moreover, the 
distance migrated per hour by the ascendmg albumm 
boundary was used m place of Fj and this distance was not 
measured m every expienment, but was assumed to be 
2 6 cm at 20 mA. m oil experiments An accurate estimate 
was not considered necessary m view of the uncertamty 
mvolved m the measurements of the distances between 
the boundary peaks The albumm concentrations on the 
ascendmg side were 0 8-1 4 g /lOO ml m all but four cases 
As an example for the calculation of the true proportions 
and relative mobdities, case 22 may be described total 
albumm concentration, Cf = l 2, apparent proportion of 
faster component =60%, Ci'=0 72, distance between 
boundary peaks=0 43om =,S'xtime, total distance mi 
grated=65 cm siFi xtime, but from equation (7) the con- 
centration of tho faster component m the mixture. 


Gi'= 


0 72 


Cl' 


1+66/0 43 x 0 06 x 0 48 


-=4 8, 1+AC/ = 1 072, 


=0 16 or 
S 0 43 
Fi ~ 65 ’ 


13% of 12, 


Hence 


( 5 ) 



0 HOCH-LIGETI AND H HOCH 




558 


from equatioa (6) 


yi 


0 43 X 4 8 

- =0 036 or 3 6% 
66 X 1 072 


Only those patterns which showed two mam peaks were 
analyzed m this way 


RESULTS 

The results are suminanzed m Table 1 and PI 10 
Tlie proportion of the component represented by the 
faster mam peak ranged from 0 to 42 % of the total 
albumm The albumm probably mcludesaj globuhn, 
except m case 26 m which this had been removed 
The mobihties of the two components differed by 
2 6-6 6 % The findings m Table 1 were arranged 
mto four groups m the order of mcreasmg pro 
portions of the faster component, irrespective of 
the chmcal state of the subjects Owing to the im- 
certamty m the estimations, httle significance should 
be attached to the order withm any one group 

The percentages of the faster component m the 
albumm from five healthy mdividuals were between 
1 0 and 42 Cancer sera gave percentage values of the 
faster component of 0-5 m five, of 6-10 m two, of 
11-20 m two, and of 21-30 m one out of ten cases 
Five out of seven sera from patients suffermg from 
non-mabgnant diseases feU mto the range found with 
sera from climcally healthy subjects The two low 
values were found m one case of cirrhosis of the hvec 
and m one case of nephritis on two occasions 

Apart from the mam components, a small com- 
ponent, rmgratmg up to 12 % faster than the 
albumms, was frequently observed It was present 
m seven out of eight sera (mcludmg those which were 
electrolyzed imdiluted) from chnicaUy healthy sub- 
jects, m six out of eight sera from patients suffermg 
from non-mahgnant diseases and m fiye out of ten 
cases of cancer 

The fastest boundary peak m cases 26-30 (PI 10) 
was comparatively large and, except m case 26, its 
mobihty differed httle from that of the first mam 
peak On account of this large first component, the 
calculation of the relative proportions of the ‘mam’ 
components was omitted m these cases, smce 
equations (6) and (7) cannot be apphed to more than 
two components In four instances, portions of the 
same samples were tested before and after storage at 
0-4° (PI 10, bottom row) The keepmg of serum 
produced very httle change m cases 13 and 18, while 
a marked change m the pattern was observed m 
case 8 When serum was first diluted, dialyzed and 
then kept at pH 8, there was httle change m case 8, 
but m case 13 the separation of the two components 
and the proportion of the faster Component was 
mcreased Ho change on keepmg at pH 8 was seen 
in a sample of serum albumm that had been freed 
from aj-globuhn by electrophoresis m veronal buffer 
(Longsworth, Curtis & Pembroke, 1946) and sub 
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sequently dialyzed agamst phosphate The changes 
that occurred on keepmg were m aU instances m the 
direction of a greater separation of the mam peaks 
The foUowmg sera had been kept or dialyzed at 
0—4° for more than 6 days before electrophoresis (the 
number of days is given m parentheses) 2 (9), 6 (8), 
7 (12), 11 (18), 19 (8), 20 (21), 29 (11) 

The albumm pattern no 3 1 of PI 10 was obtamed 
m an experiment with undiluted serum A similar 
pattern was obtamed with serum from the same 
subject taken 2 months later In both cases there 
were three mam and two small fast components In 
the pattern shown here a shght disturbance can be 
seen m the region below the boundaries (1 e to the 
right m the figure) which is probably due to con- 
vection Undiluted sera from two other subjects 
gave albumm patterns with three and two mam 
albumm peaks respectively In addition one small 
fast and one small slow peak were present m either 
pattern Although the small sl5w peaks behaved 
like genume components, it is possible that they 
were due to convection, but it is unlikely that these 
convections arose from the heat generated by the 
current, smce under identical conditions m many 
other experiments no small slow peaks were 
observed 

DISCUSSION 

The assumption that two components are similar 
with regard to the change of mobihty with protem or 
with salt concentration was used m the derivation of 
equations (6) and (7) The values for the relative 
proportions and the relative difference m mobihty 
of two serum albumins calculated by means of these 
equations differ considerably from those apparent 
from the patterns These calculated values are con- 
sidered more rehable than those obtamed by the 
conventional method (m which the relative areas 
are taken to represent the relative amounts m the 
mixture) even if the assumptions about the changes 
m mobihty should prove to be not qmte correct, 
provided the values for the K of the two components 
are similar A formally similar treatment has been 
used by Johnston & Ogston (1946) to explam a 
boundary anomaly found m the ultracentrrfugal 
sedimentation of mixtures 

In most of the patterns shown m PI 10, particularly 
patterns 6, 13 or 16, the extent of the separation of 
the two components might appear insufficient for 
a quantitative analysis Greater separation could 
have been obtamed by contmumg the experiments 
for a longer time, but for techmcal reasons this was 
not done The uncertamty m the extrapolation of 
the curves between the peaks can be assessed by 
considermg the limits withm which both curves 
could be obtamed reasonably symmetrical In case 6 
of PI 10 these limi ts (ratio of the areas on both sides 
of the maximum ordmate not greater than about 
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Table 1 Analyses of two cotnponent patterns of scrum albumin 
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2 or 2 6) were about 16 and 40 % of the total area 
The value of 26 % was used m the calculation 

In the three cases which were tested, the separation 
into two albumin components could be reproduced 
after keepmg either the serum or the dialyzed 
solution (at pH 8), but only m one case were the 
patterns of practically identical shape The other 
patterns showed differences, aU of which were m the 
direction of a greater sepeiration of the peaks It is 
therefore unprobable that any sera which showed 
httle or none of the faster component had altered 
m this respect on keepmg or on dialysis 

The finding of a lower concentration of the faster 
mam albumm component m a number of sera of 
patients with cancer warrants further chemical m- 
vestigation of this component Extensive work has 
been earned out with the purpose of estabhshmg 
alterations m the protem composition of sera from 
persons sufiermg from mahgnant disease (for refer 
ences see Stem & Wdlheim, 1943) Several changes 
have been found, but none of them was specifio 
enough to be of defimte diagnostic value The present 
mvestigation might bear some relation to the 
findmgs of Kahn (1930) He found that the albumm 
fraction which is not precipitated by 37 16% 
ammomum sulphate is diminished m sera of cancer 
patients Iq these, as weU as m the present expen- 
ments, sera from cases of pregnancy and liver and 
kidney diseases behaved similarly to those from 
cancer patients 

SUMMABY 

1 The albumm patterns obtamed after prolonged 
electrophoresis of diluted sera at pH 8 showed m 
general two mam peaks, of which the faster covered 


1948 

an area of from 0 to 76% of the total area of the 
albumm peaks These proportions of the areas, how- 
ever, do not represent the proportions m the amounts 
of the albumm components m the ongmal serum 

2 A method for the calculation of the relative 
proportions and the relative mobdities of two 
albumin components is presented Applymg this 
melfhod to the analysis of albumm patterns it was 
found that the amount of the faster ‘mam’ com 
ponent ranged from 0 to 42 % of the total albumin 
In five sera from olmically healthy mdividuals the 
percentage was 10—42 , m seven out of the ten cancer 
sera exammed, the percentage wm only between 
0 and 10 Similarly low values were found m two 
samples of sera from a patient with nephritis, m one 
case of cirrhosis of the hver and m two pregnancies 

3 In two cancer and three non cancer sera three 
mam albumin peaks were foimd 

4 Electrophoresis of undiluted sera gave albumm 
patterns with three ‘mam ’ components m two out of 
three cases exammed 

6 An additional small fast component was 
present m seven out of eight sera from chmcally 
healthy subjects, m six out of eight sera from 
patients suffering from non mahgnant diseases and 
m five out of ten oases of cancer 

6 No feature of the albumm pattern specific only 
for cancer sera could be established 

The authors are gratefnl to Prof J R Marraok and 
Dtb E R Hohday and C J 0 R Moms for their ontioism 
and encouragement Valuable help has been obtamed m 
diBouBBions with Ers A G Ogston, H Svensson and Mr 
Wemstem One of ns (C H L ) wishes to thank the 
Bntish Empire Cancer Campaign for a grant 
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We have already reported (Bray, Bynian & Thorpe, 
1947) upon the fate ofp hydroxybenzoio acid and its 
amide m the rabbit The present paper gives the 
corresponding results for the o and tn-isomers The 
changes which these compounds might undergo are 
theoretically the same as those for the p-isomer, i e 
the hydroxyl group may be conjugated with either 
gluouromo or sulphuric acids and the carboxyl group 
■with glucuromc acid or glycme In the case of the 
amides the extent of conjugation through the car 
boxyl group -would depend upon the degree of 
hydrolysis of the carbamyl group There is also the 
possibility of the mtroduotion of a second hydroxyl 
group, comparable to the formation of protocate- 
ohmc acid from p-hydroxybenzoic acid or amide 
(Bray et cd 1947) 

The extensive hteratnre upon sahoyho acid reanlthig 
6om ita olmical use in the treatment of rhenmatio oondi 
tions -was ontioally reviewed up to 1926 by HanzUk (1926), 
■who concluded that sahoyho acid was oioreted largely un 
conjugated, though some conjugation with glycine, to form 
sahoylnno acid, might ocour The degree of this conjugation 
■was vanable m amount, dependmg to some extent on 
species, the evidence was most complete for man There was 
no general agreement about gluouronide formation It 
seemed probable that some destruction of sahoylio acid 
occurred m the organism, and there was evidence that 
gentisio acid (2 6-dihydroxybenzoio acid) was formed by 
hydrorylation of sahoyho amd There has been general 
agreement among workers that sahoyho acid is not con 
{ jngated ■with sulphate m man, dog or rabbit (e g Baumann 
& Herter (man and rabbit), 1877-8, Mosso (man and dog), 
1889-90, Vogehus (man), 1880,. W illiama (rabbit), 1938), 
though Baumann & Herter claimed to have observed 
ethereal sulphate formation m the dog The results of the 
comparatively few mvestigations described smoe 1920 have 
m general supported the conclusions m Hanzhk’s (1926) 
review Quick (1932o, 6) found some evidence of gluou 
tome acid conjugation of sahoyho acid m the dog, but very 
little conjugation with glycme was observed He was, 
however, able to isolate sahcylurio acid from human sah 
cylato urine (Quick, 1933) Kapp & Cobum (1942) isolated 
sahoyho acid (20%), sahoyluno amd (66%) and gentisio 
amd (4-8%) from human salicylate nrmb, and m addition 
obtained a small amount of nrammosahoyho amd, appar 
cntly a complex of glycme, sahoyhe and gentisio acids, 
which •was probably identical with a compound (uramm 
sahoylsaure) isolated by Baldom (1908) from the unne of 
dogs dosed with sahoylate It is possible that these may 
Biochem 1948, 43 


have been artifacts formbd during isolation, but their forma 
tion and exact constitution have not been studied farther 
Bmpp & Cobnm (1942) obtamed evidence of the conjuga 
tion of sahoyhe acid ■with gluouromo aoid (25%), but no 
glnouromde could be isolated Lutwak Mann (1943) showed 
that rats can also hydroxylate sahoyho amd to form gentisio 
acid 

Very few mvestigataons of the metabolism of sahoylamide 
have been reported Bondzynsla (1897) concluded that it 
was completdy absorbed m man Baumann 4, Herter 
(1877-8) and Baas (1889-90) found that it caused an m 
crease m ethereal sulphate m the dog, and Wilhams (1938) 
found that 29-40 % was excreted m this form by the rabbit 
On the bosia of the sahcylurio aoid which he could isolate. 
Baas claimed that 2-12% -was hydrolyzed m the dog 
m Hydroxybenzoio aoid has been found to be conjugated 
with glycme and gluouromo acid m the dog (Quick, 1932 a, b), 
with sulphate m man and dog (Baumann & Herter, 1877-8) 
and m the rabbit to the extent of 3-6% fWilhams, 1938) 
The only record of the metabolism of m hydroxybenz- 
amide is Williams’s (1938) observation that 32-44% "was 
excreted as ethereal sulphate by the rabbit 

In this study we sought to establish the degree of 
hydrolysis of the carbamyl group in o- and m- 
hydroxybenzamides by quantitative estimation of 
the excretion of vanous metabohtes, and com 
panson of the results -with those obtamed after 
administermg the correspondmg acids We -were able 
to isolate 2 and 3 carbamylphenylglucuromdes as 
metabohtes of o- and m hydroxybepzamides re- 
specti-vely, and to detect the formation of hydroxy 
lation products from all four compounds, isolatmg 
gentisic acid from sahoylate urme and gentisamide 
from sahcylanude unne 

METHODS 

Diet and dosing The rabbits used -were does of 2-3 kg The 
diet ofrabbitpeliete already desonbed (Bray etol 1947) was 
used throughout this mvestigation Sahoyho amd and 
amide were appreciably toxic, and the maximum dose level 
used -was 0 4 g /kg The meta isomers were not toxic at dose 
levels up to 1 6 g /kg 

Meihods of analysis These -were the same as those pre 
vionsly used (Bray et al 1947), but m this mvestigation the 
ether soluble acid ■was not fractionated 
Preparation of o and m hydroxybenzamides Sahoyl 
amide -was prepared by reflnxmg methyl sahoylate with 
excess ammonia (sp gr 0-88) untfl there were no longer 

36 
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two layers On cooling, the reaction mixtnre deposited long 
needles which were recrystalhzed from water The final 
product melted at 139° Yield 90 % of theory The final 
traces of methyl sahoylate were removed by heating at 100° 
imder reduced pressnre m Hydroxybenzamide was pre 
pared m the same way as p hydroxybenzanude (Bray el al 
1947) Yield 38 % of the ester used Mp 170° 

Oeniiexc acid This reference compound was prepared by 
the method of Brunner (1907) Mp 200-202° Methyl 
gentisate, m p 87-88°, was prepared from it as described 
by Raistnok &, Simonart (1933) 

OcTiitsamtde This was prepared by refluxmg methyl 
gentisate (1 g ) with ammoma sp gr 0 88 (10 mL) for 2 hr 
Concentration of the solution gave gentisamtde, which on 
treatment with charcoal and reorystallmation from water 
formed fine white needles, mp 217-218° Yield 60% of 
theory Found C, 64 5, H, 4 63, N, 9 07 C,H,OsN 
requires 0, 64 9, H, 4 68, N, 9 16% Gentisamide gave an 
mtense blue colour with FeClj , reduced ammomacal AgN Oj, 
but gave a yeUow, instead of pink, colour with Lntwak 
Mann’s (1943) test for gentisio acid 

j 

RESULTS 

QuanMcUtve studies 

Ether-soluble acid excretion For the rabbits used 
m these studies the average normal excretion of 
ether soluble acid (calculated as hippunc acid) 
ranged from 636 to 847 mg /day Table 1 shows the 
percentage of doses of the four compoimds under 
mvestigation, excreted as ether soluble acid, calcu- 
lated m aU cases as hydroxybenzoic acid No 
attempt was made to fractionate the ether soluble 
acid, but smce, as is described later, the amounts of 
glycme conjugates excreted appear to be neghgible, 
the error mtroduced by assuming that the mcrease 
m acid excretion is entirely due to o- or m hydroxy 
benzoic acids will be correspondmgly small 

Excretion of reducing malenal The average normal 
dady excretion of reducmg substances (calculated 
as glucuTomc acid) by the rabbits used m this 
mvestigation ranged from 136 to 219 mg , and 
the average hydrolyzed reducmg values from 
176 to 378 mg Table 2 summarizes the results 
obtamed 

Excretion of ethereal sulphate The average normal 
daily excretion of ethereal sulphate ranged from 40 
to 64 mg Table 3 shows the percentage of doses of 
the compoimds dxcreted conjugated with sulphate 
The results for the acids agree with those obtamed 
by Williams (1938), but those for the amides are 
much lower, viz 13-16 and 10-19% as compared 
with 29-40 and 32-44% respectively The diet m 
Willis, ms’s study consisted of bran, oats and cabbage, 
while m the present study pellets were given This 
difference m diet is probably the reason for the 
divergence of the results obtamed, smce with p- 
hydroxybenzoic acid and amide, when the rahbits 
received the bran, oats and cabbage diet, the values 
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we obtamed were m agreement with those of 
WiUiams (Bray ef 1947), Braunstem, Parschm & 
Chahsowa (1931) have mvestigated the effect of diet 
on the metabohsm of phenol, and concluded that 
rabbits on an acid formmg diet conjugate this com 
pound to a greater extent than those on an alkah 
formmg diet This is particularly marked m the case 

Table 1 Excretion of ether-soluble acid {calculated as 
hydroxybenzoic acid) after doses of o- and m 
hydroxybenzoic acids and amides* 




Percentage 

Percentage 



of acid 

of amide 



excreted 

excreted 


Approx 

as ether 

as ether 

Rabbit 

dose 

soluble 

soluble 

no 


acid 

acid 


Ortho 

compounds 

/ 

117 

0 25 

76 

2 

136 

0 26 

84 

0 

146 

0 26 

80 

0 

147 

0 26 

98 

0 

117 

05 

, 93 

0 

136 

, 06 

88 

0 

146 

06 

79 

0 

147 

06 

81 

0 


Meta compounds 


119 

026 

78 



130 

0 26 

76 

— 

140 

026 

67 

— 

143 

0 26 

69 

— 

119 

06 

94 



130 

06 

64 

9 

140 

06 

87 

19 

143 

06 

92 

14 

119 

10 

87 

— 

119 

10 

101 

11 

130 

1 0 

107 

10 

140 

1 0 

97 


143 

1 0 

96 

143 

1 0 

— 

6 

119 

16 

97 

0 

130 

1 6 

99 

3 

140 

1 6 

97 

8 

143 

16 . 

96 

3' 


* All values m Tables 1, 2 and 3 are calculated neglecting 
the formation of gentasic acid which is excreted conjugated 
with Bulphunc acid (Likhatsoheff, 1895-8) and probably 
also with gluouromo acid The fact that gentisio acid itself 
IS reducing is also ignored 

of ethereal sulphate formation Injection of phenol 
(500 mg ) mto rabbits on the ‘acid’ diet caused an 
mcrease m. ethereal sulphate excretion of 82 mg 
above the normal value, wlule^with rabbits on the 
‘alkalme’ diet, the correspondmg mcrease was only 
6 mg The mcrease on a ‘mixed ’diet was 22 mg Our 
observations are m accordance with these findmgs, 
masmuch. as the diet used by Wdhams and by us m 
our earher mvestigation was an ‘aoid’^diet and the 
pellet diet m this study ‘alkalme’ 
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Table 2 Percentage of doses of o- and m hydroxybenzoic acids and amides 
excreted ak ester- and ether type glucuromdes* 


Rabbit no 


117 

136 

146 

147 

117 

136 

146 

147 


130 

136 

138 

140 

130 

136 

138 

140 

140 

143 

119 

130 

130 

136 

138 

140 

-143 

143 

130 

136 

138 

140 

143 


Approx dose 
(g Ag) 


0 26 
0 26 
026 
026 

06 

06 

06 

06 


0 26 
026 
0 26 
026 

06 
0-6 
06 
06 
06 
06 
1 0 
10 - 
10 
10 
1 0 
1 0 
10 
10 

16 
1 6 
1 6 
16 
1 6 


Percentage of acid excreted as 

Percentage of amide excreted as 



^ 


— , 

"Rater 

- Ether 

Eater 

Ether 

gluouromde gluouromde 

Ortho compounds 

gluouromde 

gluouromde 

8 

6 

8 

71 

7 

1 

7 

83 

0 

0 

3 

69 

0 

12 

7 

82 

14 

11 

6 

64 

12 

16 

4 

68 

10 

14 

7 

76 ' 

16 

16 

1 

71 

Meta compounds 

X 


14 

24 

13 

66 

8 

22 

14 

66 

13 

10 

17 

63 

8 

19 

22 

63 

6 

10 

0 

32 

6 



— - 

— 

13 

- 

0 

39 

6 

14 

1 

30 

3 



— ■ 

— 


8 

0 

40 

6 

6 

— 

\ 

4 

8 

1 

47 



— 

0 

— 

7 

11 

— 

— 

7 

9 

1 

35 

6 

1 

2 

25 




1 

22 



— 

0 

15 

6 

1 

0 

21 

6 

0 

— 

— 

10 

6 

0 

27 

4 

0 

1 

23 


— 

1 

29 


• See footnote to Table 1 


Qualitative studies 

Isolation of metabolites of salicylic acid and salicyl- 
amide 

Qentisic acid (2 6-dihydroxybemoic acid) Unne 
(24 hr ) ivas collected, from 40 rabbits which had 
received 40 g sahcyhc acid as its sodium salt, and 
hydrolyzed by bodmg for 20 mm with 0 2 vol cone 
HCl It was then contmuously extracted -with ether 
for 48 hr , and the ethereal extract thoroughly 
■washed -with NaHCOg solution The aqueous extract 
thus obtamed was acidified with Sn-HjSO^ and 
extracted -with ether After removal of ether the 
ether soluble material was dissolved m water, and 
the rosultmg solution extracted with chloroform 
until all the sahcyhc acid -was removed as mdicatod 
by the FeClj colour given by successive extracts 
The aqueous solution then gave an mtense deep blue 
colour -with FeClj and reduced Benedict’s solution 
and ammomacal AgNO, On evaporation a yellow 
sjenip remamed which yielded fine white needles. 


m p 198-201° After recrystaUization from ether- 
hght petroleum the m p -was 202-203° Yield 
1 6-2 0 g from 40 g sahcycho acid The identity of 
this product -with gentisic acid (m p 200-202°) was 
estabhshed by the mixed m p -with an authentic 
specimen (Foimd C, 64 4, H, 3 96 Calc for 
CjH«Oi C, 64 6, H, 3 9%) The methyl ester 
(m p 87-89°) mixed with methyl gentisate (m p 
87-88°) gave m p 87—89° 

When a similar procedure was apphed to urme 
from rabbits which had received sahcylamide, about 
6 mg of gentisamide (m p 215-216°) were isolated 
Its identity was confirmed by mixed m p deter 
mmation, colour -with FeClj, response to Lutwak- 
Mann’s test and reduction of ammomacal AgNOj 
In a second experiment -with sahcylamide -urme 
only a very small amount of crystaUme material 
m p 170—180° was obtamed It gave a similar blue 
colour -with FeClj and contamed only 1 64% N 
There wa^ not sufficient material for further m- 
vestigation The product may be a complex similar' 

' 36 2 
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to the ‘urammoaalicyhc acid’ isolated by Baldoni 
(1908) and by Kapp & Cobum (1942) which con- 
tained 3 7—4 % N It is, however, perhaps more 
reasonable to suggest that the complex from sah- 
oylamide might be a mixture of gentisic acid and 
gentisanude 


Table 3 Percentages of doses of o- and m hydroxy- 
benzoic acids and amides excreted conjugated with 
ethereal sulphate* 




Percentage 

Percentage 



of acid 

of amide 


Approx 

excreted 

excreted 

Rabbit, 

dose 

as ethereal 

as ethereal 

no 

(g Ag) 

sulphate 

sulphate 


Ortho 

coinpounda 


146 

026 

0 

11 

147 

025 

0 

14 

117 

05 

0 

12 

136 

05 

0 

19 


Meta oompounda 


130 

025 

6 

21 

140 

025 

2 

16 

136 

05 

3 

. — 

138 

05 

1 

— 

140 

05 

— 

16 

143 

06- 

— 

20 

119 

10 

2 

— 

130 

10 

3 

— 

138 

1 0 

— 

10 

140 

10 

1 

— 

143 

1 0 

— 

9 ' 

143 

10 

— 

14 

130 

1 6 

3 

11 

140 

16 

1 

9 

- 

* See footnote to Table 1 


2-Garbamylphenylglucurontde This was isolated 
from sahcylamide urme by the method desenbed 
for 4 carbamylphenylglucuromde (Bray et al 1947) 
The banum salt could not be obtamed orystalhne 
but the glucuronide itself crystallized readily Yield 

2 g from 

12 g amide. 

, mp 176-176° 

(decomp ) , 


M B ° — S4° (water , c, 1 ) It didnotreduce Benedict’s 
solution (Found C, 49 8 , H, 4 9 , N, 4 3 , glucuromo 
acid (stfber 6 Tnin hydrolysis with 2 n HCl) 69 02, 
eqmvalent (by titration) 316 CuHisOjJC' requires 
C, 49 9, H, 4 8, N, 4 6, glucuromo acid 62 0%, 
eqmvalent 313 ) 

Attempted isolation of salicylunc acid (o hydroxy 
hippwnc acid) As already mentioned, there has 
been considerable disagreement about the conju 
gation of sahcychc acid with glycme m animals, 
although it may be accepted that this occurs to some 
extent m man We made several attempts to isolate 
sahoylunc acid from rabbits’ sahcylate urme by 
fractionation of the ether soluble acid by means of 
various solvents (e g toluene, hght petroleum), but 
m every case we were able to isolate only unchanged 
sahoyhc acid and hippunc acid That the fadure of 
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the rabbit to form sahcyluric acid was not due to 
a lack of glycme m the diet was evident from the 
fact that we were still unable to isolate sahoylunc 
acid from the urme of rabbits which had been given 
glycme (0 3 g ) along with the saheyho acid (1 g ) 
The rehabihty of our techmque was shown by the 
ease with which we isolated sahcylunc acid from the 
urme of children under sahcylate therapy, usmg 
toluene for fractionation of the ether soluble acid ' 
The product had mp 168-1^0° (mixed mp with 
hippunc acid 161°) and contamed 6 79 % FT (Calc 
for CsH^,O^N N, 7 18% ) 

Isolation of metabolites of m hydroxybenzoic 
acid and amide 

Qentisic acid It is probable that this compound is 
a metabohte of both acid and amide The FeClj 
colour given by products isolated from hydrolyzed 
m hydroxybenzoic acid and anude urmes was deep 
blue, very similar to that given by gentisio acid, but 
it could not be assumed that this was the hydroxy 
lation product, smee 2 3-hydroxybenzoio aciA which 
18 a theoretically possible metabohte, also gives a 
blue colour with FeClj and has a simdar m p (204°) 
The mtensity of the colour given by products from 
m-hydroxybenzoic acid urme suggested that the 
amount formed was too small to efaconrage the hope 
of isolation Attempts to isolate a dihydro^benzoio 
acid from 'm-hydroxybenzamide urme were made by 
methods similar to that desenbed m the previous 
section 

The urme excreted by 14 rabbits, each of which 
hadreceivedm hydroxybenzannde(3g ), was hydro- 
lyzed and extracted with ether as previously 
desenbed The ether soluble matenal thus obtamed 
was dissolved m water, and the solution extracted 
with chloroform, which removed most of the m- 
hydroxybenzoio acid present The aqueous solution 
was then evaporated to dryness, the residue dis 
solved m ether, and this solution extracted with 
NaHCOj solution The extract was treated as for 
the isolation of gentisic acid In this way more m 
hydroxybenzoic acid, together with some hippunc 
acid, was crystallized Rcorystalhzation of the 
remainmg sohd from glacial acetic acid gave 100 mg 
colourless needles, mp 184-186°, which gave an 
mtense blue colour with FeClg Further recrystal 
hzations from water failed to raise the m p to that 
of gentisic acid Other attempts at isolation yielded 
similar products whether purification was by 
fractional crystallization or sublimation in vacuo at 
140° Analysis mdicated the presence of about 
1 6 % N, an amount similar to that of the product 
obtamed m one experiment from sahcylamide (see 
above) (Found C, 57 3, H, 4 32, N, 1 6 Calc for 
CjHjO^ C, 64 6, H, 3 9% ) We were unable to 
obtam a mtrogen-free product, even after a further 
penod of heatmg with cone HCl That the substance 
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contained ^entisio acid (or amide) is suggested by 
the fact that, on heating -with pumice powder, a 
distillate was obtamed wluch was identified as 
hydroqmnone by mixed m p and mixed m p of the 
acetyl derivatives Gentisio acid (or amide) is the 
only diliydroxybenzoic acid (or amide) which would 
give hydroqumone under these conditions 2 3 Di 
hydroxybenzoio acid would yield catechol The dis 
tillate gave only the feeble fugitive blue green colour 
with FeClj typical of hydroqumone and no sug- 
gestion of the stable and defimte colours given by 
catechol or resorcmol We conclude, therefore, that 
gentisio 8M3id (or amide ) is a metabohte of wi hydroxy- 
benzamide, although its isolation and positive identi- 
fication 18 prevented by the formation of a mtrogen 
containing complex 

3 Oarbamylphenylglucuronide This compound was 
isolated by the method used for the other isomers 
Crude barium salt (66 g ) was obtained after the 
administration of 27 g m-hydroxybenzomide Re- 
orystaUiTation gave a product m p 270° (deoomp ), 
[a] 5^ —69° (water, c, 1) (Round N, 3 12 
C,,HjsgOi(N,Ba requires N, 3 36% ) The glticurcmtde 
itself forms plates m p 163-164° (decomp ), 
—67° (water, c, 1) Yield 11 g (Found C, 
49 1, H, 6 0, N, 4 3, glucuromo acid, 64 6, eqmva- 
lent (by titration) 339 OuHijOsN reqmrea C, 49 9, 
H, 4 8 , N, 4 6 , glucuromo acid, 62 0 % , equivalent 
313) 

Attempted vsolcUton of m. hydroxyhtppurtc acid We 
ooXild not isolate this glycme conjugate from m- 
hydroxybenisoio acid urme by the method used 
successfully for the p isomer (Bray et al 1947) 
Unconjugated m hydroxybenzoio acid and hippuno 
acid were readily isolated We were stdl unable to 
isolate m hydroxyhippunc acid after admmistermg 
glycme ( 1 g ) to the rabbit along with the m hydroxy- 
benzoio acid (3 g ) It IS of mtereat to note that 
tn hydroxyhippuric acid has not been claimed as 
a metabohte of m hydroxybenzoio acid m the rabbit, 
but only m man and the dog We have been unable 
to confirm the formation of this conjugate m man 
Following Quick’s (19326) procedure, m hydroxy- 
benzoio acid and hippuno aoid, but no m hydroxy- 
hippuno acid, were isolated from the unnes of two 
human subjects who had each ingested m hydroxy- 
benzoio acid (3 g ) with glycine (1 g ) Our mvesti 
gation of m hydroxyhippunc acid was rendered 
more difficult by our failure to prepare it The 
literature contains only two accounts of its pre 
paration, m both cases from m ammohippuno acid 
(Gness, 1868, Conrad, 1877) Neither provides 
uneqmvocal evidence for its existence We were 
unable to obtam it also by Fischer’s (1908, 1909) 
carbomothoxy method wluch is satisfactory for the 
o and p isomers It should be noted that the claims 
of neither Baumann & Herter (1877-8) nor Qmok 
(19326) to have identified tins compound as a meta 
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bohte of m hydroxybenzoio acid ore supported by 
comparison with a synthetic specimen 

DISCUSSION 

Table 4 summarizes the results of all our mvesti- 
gations of the metabolism of hydroxybenzoio acids 
and amides It is evident that there are considerable 
differences between the fates of each acid and its 
amide The degrees of hydrolysis of the amides are 
ortho, 4r-7, meta, 4-16, para, 0-7% These values 
are comparable with those obtamed from tn vitro 
studies with hver extrewts (Bray, James, Ryman & 
Thorpe, 1948), i e ortho, 0, meta, 1 , para, 6 % The 
presence of a hydroxyl group stabihzes the carbamjfi 
group to a considerable extent, for benzamide itself 
IS readily hydrolyzed to benzoic acid (Bray, Neale & 
Thorpe, 1946) ' 

The mvestigation reported here raises several 
pomts of mterest The formation of gentisio acid as 
a hydroxylation product of sahoyho acid and of 
gentisamide from sahcylamide is m accordance with 
the general rule put forward m a previous paper 
(Bray, Lake, Neale, Thorpe & Wood, 1948) The fact 
that sahoyho acid is hydroxylated to a greater 
extent than saboylamide is, however, unusual, smce 
m most other oases, e g the ammobenzoio acids and 
amides, the opposite is true A large number of so- 
called ‘detoxication’ reactions which foreign com- 
pounds undergo m the organism may be mterpreted 
as oocurnng as a result of the formation of ‘ centres 
for conjugation’ m the molecule, i e groups which 
can be conjugated with sulphunc, glucuromo and 
acetic acids, or with glycme Thus, m compounds 
which already possess carboxylandhydroxyl groups, 
conjugation is usually the prmcipal mechamsm, 
although a relatively small amount of hydroxy- 
lation occurs m some instances (e p hydroxy- 
benzoic acid) If a ‘potential ’ centre for conjugation 
IS present, a possible reaction is its conversion to an 
‘actual’ centre, eg the oxidation of a methyl 
group, as m acetotolmdides (Jaffa & Bblbert, 1888, 
Bray & Thorpe, 1948), the hydrolysis of a carbamyl 
group to carboxyl eis m benzarmde (Bray etaJ 1946), 
or the reduction of an aromatic mtro group to ammo 
as m m mtrobenzaldehyde (Cohn, 1893) If, how 
ever, the ‘potential’ centre is not converted m this 
way, or converted to only a lumted extent, e g as 
when the carbamyl group is stabilized by the 
presence of another group, as m the hydroxy- or 
ammo benzamides (Bray, Lake, Neale, Thorpe & 
Wood, 1948), a new centre may be mtroduced by 
hydroxylation even if, as m p hydroxybenzamide, 
one IS already present though here the extent of 
hydroxylation is small It was, therefore, unexpected 
to find that sahcylamide was hydroxylated to a lesser 
extent than sahcyhc acid The factor which deter- 
mmes the extent of these reactions is probably the 
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Compound adnuiustered 
o Hydrosybenzoio acid* 

0 Hydroxybenzamide* 

m Hydroxybenzoio acid* 


m Hydroxybenzamide* 


p Hydroxybenzoio aoidf 


'p Hydroxybenzamidef 


Approx 

dose 

Average percentage of dose excreted ae 


Approx % 
hydrolysis 

Ether 

Ester 

Ether 

Ethereal 

(g Ag) 

soluble acid 

gluouronide 

glucuromde 

sulphate 

of amide 

0 26 

86 

4 - 

6 

0 

N 

06 

86 

3 

14 

0 



0 26 

1 

6 

76 

13 

7 

06 

0 

4 

67 

16 

4 

0 26 

70 

11 

19 

4 



06 

84 

7 

11 

2 

_ 

1 0 

97 

6 

7 

2 

... 

16 

97 

' 6 

2 

2 

— 

0 26 

— 

16 

60 

19 

16+ 

06 

14 

0 

36 

18 

14 

1 0 

10 

1 

28 

11 

11 

16 

4 

0 

26 

10 

4 

01 

66 

16 

19 

4 



0 26 

65 

6 

10 

7 



06 

76 

4 

6 

7 



1 0 

73 

6 

12 

6 



1 6 

64 

7 

8 

6 

— 

01 

2 

0 

16 

35 

2 

026 

0 

0 

16 

23 

0 

06 

7 

0 

16 

17 

7 

1 0 

3 

1 

24 

17 

4 

1 6 

5 

1 

22 

14 

6 


Diet pelleta 

This value is low smce it does not include ether soluble aoid exoretion 
Diet bran, oats and cabbage (Bray el al 1947) 


availability of suitable enzyme systems to which the 
compound imder consideration is acceptable It 
would seem that the configuration of sahcylamide is 
even less acceptable to the enzyme responsible for 
hydroxylation than is sahcyhc acid It may be noted 
that 0 substituted compounds are often metabolized 
to a smaller extent than the correspondmg m- and 
p isomers (e g sulphate conjugation of hydroxy 
benzoic acids, acetylation of ammobenzoic acids) 
The formation of gentisic acid as a hydroxylation 
product of m hydroxybenzoio acid or its eumde 
would be m accordance with our general rule 
With regard to the nature of the hydroxylation 
products derived from the hydroxybenzoic acids 
and armdes it is of mterest to refer to an mvestigation 
of Dakm & Herter (1907) It is well known that 
hydrogen peroxide under various conditions can 
hydroxylate benzene derivatives, givmg m many 
cases products identical with those formed as meta 
bohtes of the original compound, e g benzene gives 
phenol, catechol and hydroqumone (e g ' Cross, 
Sevan & Heiberg, 1900, Baemstem, 1 946) Dakm & 
Herter found that hydrogen peroxide oxidized 
ammomum sahcylate to 2 3 dihydroxybenzoic acid 
and the ammomum salts of both the m- and p 
isomers to protocatechuic acid (3 4 dihydroxy- 
benzoic acid) (In spite of several attempts we 
failed to obtam 2 3 dihydroxybenzoic acid m this 
way, although w e had no difficulty m isolating proto- 
catechuic acid by oxidizmg^- orp hydroxybenzoic 


acid usmg Dakm & Herter’s directions ) 2 3-Di- 
hydroxybenzoic acid has not been reported as a 
metabolite of sahcychc acid, and we were unable to 
detect the formation of protocatechmo acid from 
m hydroxybenzoio acid, although we showed it to 
be a metabolite of both p hydroxybenzoic acid and 
its amide (Bray et al 1947) We are also mvesti- 
gatmg the effect of hydrogen peroxide on the 
» hydroxybenzamides, and hope to extend the 
study to a ^wider comparison of tn vitro and in 
VIVO hydroxylation 

SUMMABY 

1 The metabolism of o aiicl m hydroxybenzoic 
acids and their amides m the rabbit has been m- 
vestigated 

2 A large proportion (86 %•) of sahcychc acid is 
excreted as ether soluble acid, 3—4 % as ester gluou 
romde and 6-14 % as ether glucuromde the corre 
spondmg values for sahcylamide are 0-1, 4—6 and 
67-76% Sahcychc acid does not affect ethereal 
sulphate excretion, but 13—16% of sahcylamide is 
excreted conjugated with sulphuric acid 

3 The percentages of m hydroxybenzoic acid 
excreted as ether soluble acid, ester glucuromde, 
ether glucuromde and ethereal sulphate are 70—97, 
6-11, 2-19 and 2-4 respectively The corresponding 
values for m hydroxybenzamide are 4r-14, 0-16, 
25-60 and 10-19% 
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4 Prom the abovfe results it is calculated that the 
degree of hydrolysis of the carbamyl group of sah- 
oylamide is 4-7 aad of m hydroxybenzamide 4:-! 6 % 

, 6 2 and 3 carbamylphenylglucuromdes have 

been isolated as major metabohtes of sahoylatmde 
and wi hydroxybenzanude respectively 

6 Gentisic acid (4r-6 %) has been isolated as a 
metabohte of sahoyhc acid and gentisamide of 
sahoylatmde 

7 Evidence has been obtamed of the formation of 
gentisio acid (or ami de) as a metabohte of tn 
hydroxybenzoic acid and amide 
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8 Glycme conjugates of 0 andm hydroxybenzoic 
acids were not detected 

9 The fact that sahoyhc acid is hydroxylated 
to an extent' greater than is sahcylamide is 
discussed 

We are indebted to the Boyal Somety for a Gtovemment 
Grant whioh defrayed part of the cost of this work. The 
nuoroanalyses were earned out hy Drs Weder and Strauss, 
Oxford 

The human sahoylate unnes were obtamed from the 
Children’s Hospital, Bummgham, through the kmd oo 
operation of Prof J M. Smelhe 
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Growth Factors for Lactobacillus casei 

By F W CHATTAWAY, DORIS E DOLBY Am> FRANK C HAPPOLD 
Department of Biochemistry, School of Medicine, University of Leeds 

(Received 19 April 1948) 


We have described elsewhere (Cbattaway, Happold, 
Lythgoe, Sandford & Todd, 1943, Chattaway, 
Happold & Sandford, 1944) the presence of a growth 
factor for Corynebactenum diphthenae gravis, sub 
type Dundee, m the amyl alcohol insoluble fraction 
obtamed by extracting hver residues with this sol 
vent at pH 2, and the separation of this factor from 
material stimulating the growth of Lactobacillus casei 
at pH 3, the Lb casei factors being m the cresol 
extract 

Tlie present paper describes the further concen 
tration and separation of the factors promoting acid 
production by Lb casei (Chattaway, Dolby &, 
Happold, 1944), and Factor 3 of Dolby , Happold & 
Sandford (1944), and considers their relationships to 


factors reported as stimulatory for this organism by 
other workers Among these factors are fractions 
from hver, fermentation residues and yeast, which 
have been shown to be members of the pteroyl- 
glutamic acid (PGA) group of components, differing 
from one another m having one, three or seven 
glutamyl residues respectively (Angier, Boothe, 
Cosuhch, Fahrenbach, Hultquist, Hutchmgs, Kuh, 
Mowat, Northey, Seager, Semb, Sickela, Smith, 
Stokstad, Subbarrow & Waller, 1946, 1946, Bloom, 
Calkins, O’Dell APfiffcier, 1940) Thematenal known 
as fohc acid on the other hand (Mitchell, Snell & 
WiUiams, 1941) is probably different from these, as 
also 18 the ‘ Streptococcus lactis R ’ factor (Keresztiy, 
Rickes & Stokes, 1943) which has been shown 
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to be 4:-N formyl 2V^-(2'-airuno-4'-hydroxyl-6'-pten- 
dylmethyl) aibmobenzoic , acid (Anderson, Arth, 
Folkers, Hams, Kaczka, Mozmgo, Southwiok & 
Wolf, 1947), but it has been claimed (Angier et al 
1946) that PGA represents the sole remaimng un- 
known growth factor for Lb case% The followmg 
observations by various ivorkers mdicate that this 
IS probably not so 

(1) Williams (1944) has stated that foho-aoid probably 
consists of a number of closely related oomponnds with 
differmg physiological activity, a statement supported by 
HaU (1947 a) m this Department 

(2) Mitch^, Snell & Williams (1944) reported the absorp 
tion spectrum of fohc acid as mdicating the presence of a 
xanthopterm nucleus, while that of PGA does not 

(3) Hall (19476) has demonstrated differenoes m the 
response of Strep faecalis R to foho acid, vitamm and 
PGA. 

(4) Elvehjem & Teply (1945) found the need for un 
identified factors other than vitamm B, m the growth of 
Lb caset 

(5) Dolby ef al (1944) showed the O dtphtheriae factor to 
be present m casern and to be required for the growth of 
Lb casti They also reported the presence of a growth factor 
(Factor 2) distmot from the O dvphthenae factor, which did 
not afieot the amount of acid production by Lb caaei, but 
which did mcrease its growth It appears to us possible 
that this factor might bo related to the strepogenm factor 
of Woolley (1941) 

(6) Barton-Wnght, Emeiy A Robinson (1944, 1946) 
desonbe two chloroform soluble fractions obtamed fixim 
hver which are syneigistio for Lb casei and not identical 
with foho acid. 

E\udence will be presented, m this paper to show 
that on our basal medium the addition of either 
PGA or ‘foho acid’ (7 % conon kmdly supphed by 
Prof R J Wilhams) produces httle response, either 
m the growth or acid production of Lb casex, thus 
demonstratmg the need of this organism for further 
growth factors 

EXPERIMENTAL 

Organisms and media The medium used for mvestigation 
with Lb easel has been previously described (Chattaway, 
Happold & Sandford, 1943), the teohmques of culture and 
subculture were unchanged Readmgs were made after 
72 hr and recorded as mL 0 In acid produced 

In the detemimation of ‘foho acid’ activity. Strep faecalis 
R was used, the medium employed was that of Qmrard, 
Snell A W illTaTTia (1942) with the addition of leucme and 
isoleucme (of Dolby A Waters, 1944), and usmg an acid 
hydrolysate of casern prepared accordmg to the method of 
Johnson A Mueller (1941) Acid production was detemimed 
after 18 hr and recorded as mL 0 05n acid produced 

Preliminary concentration of active material The starting 
material was that fraction from the hver residues (Boots 
Pure Drug Co , Ltd., Nottmgham) which was not adsorbed 
on fuller’s earth at pH 3, but which was subsequently 
adsorbed on nonte at this pH, and then eluted with an 
ammonia ethanol water mixture (oontammg 12 % (w/v) 


NHj m 60% (v/v) ethanol) The eluato was neutralized, 
concentrated, acidified to pH 2 and extracted repeatedly 
with amyl alcohol The amyl alcohol insoluble material 
(water soluble) was then extracted with p oresol at pH 3, 
and the oresol extract used for the work desonbed below 

RESULTS 

Separation of two synergistic fractions by treatment 
with baryta 

Active concentrates prepared, m the above manner 
gave a considerable precipitate on saturation with 
baryta, additional quantities bemg obtamed by 
the addition of 3 volumes methylated spirits to 
the baryta saturated material The baryta soluble 
material was found, after removal of excess barium, 
to show httle loss m activity compared with the 
origmal material when tested with Lb casei The 
insoluble banum salts, after removal of barium, 
showed httle mtnnsic activity, but when the two 
fractions were tested together at low concentrations 
it became apparent that the ongmal activity was due 
to two components A t3qncal set of results is shown 
m Table 1 

Table 1 Acid production by cultures o/ Lactobacillus 
casei on induston of baryta-soluble and insoluble 
fractions 


Additions (ml /20 mL medium) 

Acid production 
after 72 hr 
(ml 0 1 N acid/ 

Baryta 


\ 

Baryta, 

soluble 


insoluble 

20 ml. medium) 

10 




63 

06 


— 

62 

0 05 


— 

26 

0 005 


— 

1 1 

0 0006 


— 

02 




10 

1-4 




03 

0-9 




01 

06 




0 01 

02 



0 001 

Nfl 

0 01 


0 01 

44 

0 001 

' 

0 01 

2 9 

0 0001 


0 01 

1 8 





Nil 


Fractionation of the baryta-soluble matenal 

(а) Phosphotungstic aotd The matenal was treated with 
excess of 60% (w/v) phosphotungstic acid m 6% (w/v) 
HjSO^, the precipitate removed and the filtrate freed from 
phosphotungstic acid with Ba(OH), There was some loss of 
activity (20-30%) m the process, but practically the whole 
of the remaimng activity was m this filtrate 

(б) Pxcnc acid. On treatment of the Ba(OH), soluble 
matenal with saturated picnc acid, small amounts of a 
picrate separated which always showed slight activity, yet 
there was no detectable loss of activity m the soluble 
fraction after removal of excess picno acid by ether extrao 
tion. 
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(c) Silver nitraie. Treatment of the Ba(OH)j soluble 
fraction 'with AgNOj at acid reactions effected a consider 
able ftaotionation of the active matenal, the foUowmg 
teohmque bemg adopted The solution -rvaa acidified -with 
excess HCl m the cold and NaOl, fice HCl and sdver salts of 
some orgamo acids ivere removed by stepwise addition of 
solid AgNOj (ppt 1), the reaction remaining at pH 1 0 
(approx.) Aa excess of AgNO, vras then added and the 
reaction adjusted cautiously to pH 4 0 -with NaOH, a &oo- 
oulent precipitate, which later darkened, formed and was 
removed (ppt 2) With further additions of NaOH a white, 
heavier precipitate (ppt 3) which was maotive began to 
appear at pH 4 6, moreasing m amount at more alkahne 
reaction. The whole activity of the Ba(OH), soluble matenal 
for Lb easel was found m ppt 2, the active matenal was 
recovered by treatment "with a mixed solution of sahne and 
HCl carefully adjusted to give a neutral supernatant readily 
separated from the precipitated AgCl. The ‘folio acid’ 
activity measured on cultures of Strep fatealis R was con 
centrated mainly in ppt 1, although some remamed m 
ppl 2 There was no measurable activity m ppt 3 and later 
residue fraotaons. 

On addition of ethanol (60 to 60%, v/v) to the aqueous 
solution of ppt 2 an maotive white oiystallme precipitate 
separated at 0° Addition of ether (60%, v/v) gave a 
farther separation of white maotive matenal m the ethanol 
phase Prom the ether water phase, which was orange in 
colour, a reddish brown oil began to separate, the aotinty 
bemg distnbuted between these two components 

(d) Lead aeeUUt. Attempts to fractionate the Ba(OH), 
soluble matenal by treatment -with lead acetate at pH 3 
followed by basic lead acetate at pH 7 6 ■were unsnocesafdL 
The active matenal was found to be unevenly and variably 
divided between the precipitates and some alight activity 
remamed m the filtrate 

(e) Adsorption on ahtmina The alumina used was 
'Alumina purified for chromatographic purposes’ (Bntish 
Drug Houses Ltd.) It -was suspended m 40% methanol at 
pH 3 and kept at 37“’ for 3 days, filtered, air.dned at room 
temperature for 4 days, suspended m 40% methanol at 
pH 3 and x>onred mto a column 30 cm by 2 6 cm. The 
column so prepared was washed through ■with 40% 
methanol at pH 3 usmg approximately 260 ml A slight 
positive pressure of Nj ■was mamtamed on the column 
durmg tbiH prelmimary ■washing and durmg the subsequent 
run ■with the active material. The matenal to bo treated, 
dissolved m 40 % methanol at pH 3, ■was added to the top of 
the column, and washed through with acidified 40% 
methanol and the filtrate collected until qmte colourless and 
maotive for Lb casei Elution ■was earned out umTig 2% 
(w/v) NHj Filtrate and eluate fractions were collected and 
concentrated tn vacuo as soon as possible, dissolved m a 
small volume of ■water and adjusted to pH 6 8 

The usual procedure adopted 'with the baryta soluble 
matenal ■wha to separate it mto filtrate and 2% (w/v) NH, 
eluate fractions as desenbed above, and then to pass both of 
these fractions, separately, down further alununa columns, 
finally combmmg all filtrate fractions and all eluate fioo 
tions All fractions ■were tested for acid producing actrviiy 
usmg Lb casei and Strep faecalis R The filtrate fractions 
a ere found to bo almost maotive while the eluate fraction 
contamed considerable active matenal for Strep faecalis B, 
mdicatmg that this matenal probably contains some or all 

of the components of ‘foho acid’ (Mitchell eiol 1944) Both 


fruotions contamed matenal active for Lb casei and they 
were sho'wn to be synergistic m their aotidn Typical results 
are shown m Tables 2 and 3 

Table 2 Separation of baryta soluble material into 
two active fractions by treatment imth alumina 

(Baryta-insoluble firaotion 0 01 ml ■was added to all flasks 
m Lb easel tests Conoentrationa tested AljO, filtrate 
fraction, 310 mg /mh, AljO, eluate fiction, 163 mg /mh) 


Aoid production 




f 



> 

Lb casei 

Strep faecalis R 



(ml 0 iN- 

(ml 0 06k 

A1,0, 

A1,0, 

acid/20 mL 

aoid/10 mh 

filtrate 

eluate 

medium, 

medium, 

(mhffiO mh 
ouJtnre) 

(ml /20 ml 
oulture) 

72 hr 

mcubation) 

18 hr 

monbation) 

1 0 

— 

7 26 

12 

01 

— 

346 

026 

0 01 

— 

225 

Nd 

0-001 

— 

17 

Nil 

— 

10 

4 46 

— 

— 

01 

26 

— 

— 

0-01 

16 

46 

— 

0 001 

— 

3 06 

— 

0 0001 

— 

0 96 

Nil 

m 

14 

Nfl 

Table 3 

Synergism between AljOj 

-filtrate and 


eluate fractions for LactobacJlus casei 


(No laobo aoid 'was produced when fractions were tested 
individually as foUo'WB m presence of baryta insoluble 
fiiaotioa ^0, filtrate, 0 01, 0 001, 0 0001 mh, Al^O, eluate, 
0 01, P 001 mh All figures refer to qnaatities/20 mh medium 
and 72 hr monbation ) 


AljO, filtrate 

A4O3 eluate 

0 Ik aoid 

(mL) 

(ml) 

(ml) 

0 01 

0 01 

17 

0-01 

0 001 

1 6fi 

0 006 

0 006 

1 3 

0 006 

0 0006 

105 

0 0001 

0 001 

0 16 

0 00006 

0 0006 

NU 

Nil 

Nil 

Nil 


Fractionation of matenal from silver precipitate 2 
in alumina column 

The orange-yellow pigment and the reddish-brown 
oil obtamed from precipitate 2 (see above) were 
bulked, and exammed by chromatography on Al^Oa 
after solution m 40 % (v/v) methanol at pH 3 0 As 
each fi^action. was collected it was concentrated to 
dryness in vacuo, and rediasolved m water The 
fractions were all tested several tunes -with Lb caset 
on the basal medium, with and without both 
pteroylglutamic acid and the baryta insoluble 
fraction at the lower hmit of its activity They were 
t^ted for ‘fohe acid’ activity with Strep faecalis B 
m completely conclusive, but 

Table 4, which shows the treatment each fraction 
received, also gives a summary (columns 4 and 6) of 
their activity for both the organisms employed. 


I 
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Table 4 Activities of fractions produced from the pigmented fractions 
of the stiver separation by chromatography on alumina 


(None 

No of 

of the fractions showed any activity for Lb casei when administered alone or with the baryta insoluble frsiotion ) 

Activity 

S > 

Lb easel 

fraction 

Colour 

Treatment produemg fraction 

Strep faecalis R 

with PGA 

I 

Pale yellow 

1st filtrate fraction 

Eqmvalent to 0 001 pg PGA/ml 

Shght activity 

n 

Colourless 

2nd filtrate fraction 

Inactive 

Active 

in 

Pale yellow 

1st eluate, 20% (v/v) methanol 

Inactive ohangmg to active 

(Jrowth, but no acid 

IV 

Pale yeUow 

2nd eluate, water for 12 hr 

Sbghtly active 

Inactive 

V 

Colourless 

3rd eluate, 0 6 % (w/v) NHj Col 
lected pnor to appearance of first 
pigmented band 

Inactive 

Inactive 

VI 

Dark brown 

4th eluate, 0 6% (w/v) NHj, pH 
of fraction 6 8-7 0 

Active 

Very active 

vn 

Dark brown 

6th eluate, 0 5% (w/v) NH,, pH 

7 2 upwards 

Active approx sl /ig PGA/ml 

Very active 

vm 

Pale yellow 

6th eluate obtamed after 6 hr 
washmg with 0 6 % (w/v) NH, 

Active 

Sbghtly active 

These fractions 

were tested agam later and 

fraction B (cf fraction V) after treatment with 0 6% 


fraction III, wnicli naa previously oeen inaoiive, nau 
acquired measurable activity, so possibly some ‘ fohc 
acid-bke’ component had slowly hydrolyzed from 
a more complex peptide In the cultures where the 
basal medium had aged somewhat, and wTiere the 
controls were consequently positive — a findmg 
previously reported by us alnd exphcable on the 
basis of the findmgs of HaU ( 1 947 c) m this laboratory 
that ‘fohc acid like’ activity develops m ammo 
acid sugar media contammg histidme — the above 
fractions, which m fresh media gave growth and 
acidity only m the presence of PGA, did so without 
the addition of this component 

These results suggest the presence m the filtrate 
fraction of an active component for Lb casei which 
IS probably not the yeUow substance present smce 
activity IS measurably greater m the colourless 
fraction n Another active component is present m 
association with the pigments present m fractions 
VI and VH Attempts to show synergistic action 
between fractions I-VH were not very successful 
though the critical mterpretation of such experi- 
ments at each stage m an myestigation is often 
difficult The possibihty must not bo overlooked, 
however, that the same or sunilar compounds m^ 
be combmed with other groups, m say, fractions H 
or Y[ and VII, which would modify then behaviour 

on the alumma 1 + 1 , 0 - 

la previous work, with repeated ethanol ether 

precipitations from a silver salt similar to pre 
cipitate 2, a fraction had been obtamed i^ch it 
WM expected would correspond roughly to fraction 
YU This material was similarly de\ eloped upon an 
A1,0, cliromatogram The colourless filtrate fraction 
madvertently thrown away, hut a cqjourless 
^ater eluate A (cf fraction W, Table 4) , a colourless 


(w/v)NHj,themampigment,fraotionC{pH6 8-7 0, 
cf fi:nction VII) , and the colourless eluate D were 
obtamed Fraction C was the only one to give 
imeqmvocaJ positive results with Lb casei, but its 
activity was mcreased by fraction D although this 
fraction alone was mactive These results suggest 
that more than one component is plesent m the 
alumma eluate fraction from the baryta soluble 
material 

Properties of filtrate and eluate fractions 

The effect of the followmg reagents on the activity 
of the above fractions for Lb casei and Str^ 
faecalis R was determmed, the filtrate fiaction bemg 
tested with Lb casei only and the eluate fraction 
with both organisms 

Table 6 Effect of nitrous acid treatment of AljOa- 
duate fraction, tested with Lactobacillus casei 

Aoid 

production 

(mL/20 ml m 72 hr 

medium) (ml 0 1 n acid) 

01 38 

0 075 4 5 

0 05 2 6 


Matenal added 
AIjO, eluate 


HNOi treated AkO, 
eluate 

HCl treated AljOa 
eluate 


01 

0-075 

0-05 

0 1 
0 076 
0 05 


1 6 
14 
1 1 

36 
40 
2 5 


(o) Nitrous acid 0 5 ml of -each of the fraction was 
taLn, together with 10 ml distilled water, ^ mg 
and 1 ml dilute Hffi and the solution left to stand for 24 hr 
at room temperature, evaporated to diyness, redissolved m 
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water and adjusted to pH 7 (volume to 26 ml ) A control 
was earned out omittmg the NaNO, Some mhibitory sub 
stance is obviously present m the Al _03 eluate which is 
apparent m t^ie highest concentration of eluate used The 
AljO, filtrate firaotion showed no maotivation while the 
eluate fraction showed partial maotivation for Lb caset (see 
Table 6), and complete maotivation for Strep Jaecalts R 
These results accord with the previous observation that at 
least two componente are present m the eluate fraction 
(6) Acelic anhydride To 1 ml fraction were added 3 2 ml 
2 n NaOH and 0 2 ml acetic anhydride The mixture was 
shaken and cooled m ice Five further additions of 2 ml 


material bemg removed from the control by chloroform 
However, when tested against Lb casei the results were 
difficult to assess, as components active for this organism 
were removed by the chloroform extraction 

(d) ilethanoltcHCl The sohd residue from 0 6 mL of each 
fraction was refluxed for 4 hr with dry methanol saturated 
with dry HCl Excess reagent was removed in vacuo, and 
the residue dissolved m water, adjusted to pH 7, and made 
up to 25 ruL The activity for Lb casei was almost completely 
destroyed by the treatment and attempts to regenerate it 
by hydrolysis were unsuccessful A summary of the above 
results IS given m Table 7 


Table 0 Effect of acetylation of AljO, duate fraction on acid production by Streptococcus faecabs R 


Acid production Acid production 

(ml 0 05 n acid) (ml 0 06if acid) 


AljOj-eluate 
fraction (ml / 

' 16 hr 

72 hr ’ 

Acetylated A1,0, 
elnate fraction 

'l6hr 

72hr ' 

10 ml medium) 

mcnbation 

• mcnbation 

(ml /lO ml medium) 

mcnbation 

moubation 

0 02 

41 

9 76 

0 02 

Nd 

9 3 

0 01 

39 

9 7 

0 01 

04 

81 

0 003 

29 

846 

0 003 

16 

66 , 

0-001 

22 

72 

0 001 

0-9 

-4 86 

0 0003 

1 1 

66 

0 0003 

026 

34 

0 0001 

04 

40 

0 0001 

Nfl 

2 66; 

Basal modium 

Nd 

27 

— 

— 

— 


Table 7 Effect of various reagents on the activity of fractions from the baryta soluble material 


Reagent 

HNO, 

Acetic anhydride 
Ninhydrm 
Methanohe HCl 


Al^O, filtrate 
Lb casei 

Full activity 
100 % loss 
Indetermmsble 
100% loss 


A1|0, eluate 


Lb easel 
Partial loss 
I httle loss 
Indetermmable 
100% loss 


Stryi faecalts R 

100% loss 
No Joss 
26 % loss 


2x NaOH and 0 2 ml acetic anhydride were made at 1 min 
mtervals After 10 mm at room temperature the mixture 
was acidified with HjSOj to pH 6 8 and dduted to a final 
volume of 15 mb The AljO, filtrate fraction was completely 
mactivated by this treatment The eluate fraction, tested 
againat Str^ faecalis R, wm apparently maotive if the 
cultures were eiammed after 16 hr mcnbation, but the 
organism could slowly utilize the aoetylated material which, 
at 72 hr moubation, was almost as active as the ongmal 
matcnal (see Table 6) By an oversight, the acetylated 
eluate fraction was not tested with Lb casei, but crude pre 
parations so treated have not shown any great loss of 
activity, and smee growth is contmued for 72 hr with this 
organism, it is likely that no great maotivation would have 
been demonstrated. 

(c) Ntnhydrin 10 mL of one third saturated KH,P 04 
solution were added to 0 6 ml of each fraction and 120 mg 
mnhydrm After boihng for 16 min, sufficient alamne was 
added to react with excess mnhydrm The mixture was 
agam boiled, extracted with chloroform to remove the 
coloured products, the insoluble material centrifuged off and 
the aqueous solution adjusted to pH 6 8 and diluted to 
26 niL 0 6 ml of the same fraction m 10 ml of the phos 
pUate solution was extracted with chloroform and used as a 
control The Al.Oj filtrate showed 80% mactivation with 
mnhvdnn no actuo material bemg extracted from the 
, control bv chloroform The eluate fraction tested agamst 
Strep faccahs R showed 25% mactiiation, no active 


Fractionation of the baryta insoluble material 

At pH 4 a large proportion of the active material 
could, be extracted from aqueous solution by chloro- 
form Some active material was extrsmted at pH 7 
which appeared to be similar to that extracted at 
pH 4 P ortions of this material, prior to chloroform 
extraction, were treated with the same reagents as 
the baryta soluble fractions, the results being shown 
m Table 8 


Table 8 Effect of various reagents on baryta 
insoluble material 


Reagent 

HNOi 

Acetic anhydride 
Nmhydnn 
Methanohe HCl 


Effect on activity 


Lb casei 
100% loss 
100% loss 
Full activity 
100% loss 


— 

Strep faecahs R 

100% loss 
100% loss 
Full activity 
100% loss 


Response of Lactobacillus casei to baryta soluble 
fraction, pteroylglutamic acid and ' folic acid' 

The three materials were tested separateljq and 
PGA and the bar 3 da soluble fraction were also 
exammed for synergmm Typical results are shown 
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m Table 9 Neither PGA nor fohc acid tested on 
our medium show an activity comparable with that 
reported by Angier et al (1946), and Mitchell et al 
(1941), smce PGA is claimed to be 60% active m 
1 X 10“® /ig /ml me^um This fact and the ^ngher 
titrations obtamed with the baryta-soluble freiction 
demonstrate the existence of umdentified factors 
essential for the growth of Lb casei on purified' 
media There is some evidence for synergism between 
PGA and the haryta-soluble fraction, but this effect 
was not expected to be very pronounced as the latter 
contamed traces of PGA 


Table 9 Effect of baryta soluble fraction, pteroyl 
glutamic acid and folic acid on acid production by 


Lactobacfilus casei 


Acid production 



Baryta 

after 72 hr 


Foho 

soluble 

mcnbation 

PGA 

acid 

fraction 

(ml 0 1 N 

(1 X 10-* /ig / 

(pg/mL 

(1 X 10-» mL/ 

aoid/20 ml 

ml. medium) 

medium) 

ml medium) 

medium) 

. — 



— 

Nil 

— 

— 

2 60 

49 

_ 1 

— 

0 026 

20 

60 

— 

— 

29 

060 

— 

— 

20 

0 06 

— 

— 

03 

0 006 

— 

— 

04 



06 

— 

07 



01 

— 

(hO 



0 01 

— 

02 

60 

— 

2 60 

66 

60 



0 026 

24 

0 05 

— 

260 

69 

0 06 

— 

0 026 

28 


DISCUSSION 



There are considerable discrepancies m the claims 
made as to the growth requirements of Lb casei 
The variations m basal media used m different 
laboratories may account for many of these differ- 
ences It IS generally recognized that such materials 
SB casern and peptone contam quantities of vitamins 
sufficient to affect micro organisms, and no standard 
procedure is adopted for the removal of these con 
tammants In particular, emphasis may be placed 
on the methods of preparation of casern digests In 
these laboratories, digestion is earned out with 
hydrochlonc acid followed by precipitation with 
htharge to pH 4 and then with banum sulphide It 
pa.T\ be demonstrated that most of the Lb casei- 
active matenal is removed from hver concentrates 
m lead precipitates at this pH Several groups of 
Amencan workers, however, prepare a digest with 
sulphunc acid followed by neutrahzation with 
baryta, a process which does not remove appreciable 
Lb casei activity from hver fractions 

Hsing our casern digest as the medium for the 
experiments, the growth factors present m hver 
extract, additional to the C diphthenae factor and 
the chloroform-soluble factors of Barton-Wnght et 


1948 

al (1944), have been separated mto the following 
components (1) a factor or factors insoluble m, 
saturated baryta, and (2) at least three factors 
soluble m saturated baryta and m silver nitrate at 
pH 1 0 — a filtrate fraction which is not adsorbed on 
al umin a at pH 3, and two fractions which are 
adsorbed, one of which is eluted with 20% (v/v) 
methanol or water and the other with 0 6 % (w/v) 
ammoma These three components have properties 
dissimilar to both PGA and the fohc acid of Mitchell 
etal (1941) The greatest concentration of fohc acid- 
hke material was found m the silver salts insoluble 
at pH 1 (from the baryta soluble material) which 
contamed none of the components discussed above 
The differential action of ninhydrm and mtrous 
acid, and of esterification and acetylation upon the 
activity of the 2 % (w/v) ammoma eluate matenal 
for Strep /oeca/w R and A6 cewet, confirms that there 
are two components present m this material The 
fact that the above chermcal treatment affects the 
filtrate fraction and the baryta insoluble fraction 
dissimilarly to one another and to the above 
ammoma eluate matenal is evidence that we have 
four separate and distmct factors 

The possibfiity that fohc acid-hke compounds 
might be spht dunng Jfractionation from more com- 
plex components, which themselves show no activity 
immediately on separation, compheated studies such 
as these, and, mdeed, there is some evidence to 
support such a view This does not, however, m- 
vahdate the claim that several active and synergistic 
compounds are present m Che starting matenal The 
difficulty of obtammg adequate supphes of matenal, 
which had caused work to cease on these Sections 
for over two years, makes the pubhcation of these 
results desirable 

SUMMARY 

1 The presence is demonstrated of further un- 

identified growth factors for Lactobacillus casei, 
present m hver ■* 

2 The crude matenal contains a factor or factors 
insoluble m baryta, and at least three factors soluble 
m saturated baryta 

3 The baryta soluble factors \ may be further 
separated by treatment with alumina, two com- 
ponents are adsorbed and may be separated by 
fractional elution, and one is present m the filtrate 

4 The effect of a number of chemical reagents on 
the activity of these components has been studied 
and shown to distmguish them from the pteroyl- 
glutamic acid group of factors and from fohc acid 

We -msh to acknowledge the assistance of Dr J W 
Waters m the examination of some of the ohemioal pro 
perties of the materials described m this paper, to thank the 
Medical Research Council for a grant m support of the work. 
Boots Pure Drug Co , Ltd , Nottmgham, for gifts of hver 
concentrates and Roche Products Ltd., for a grant and gifts 
of materials 
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Lipids of Normal Brain 

f 
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In most of the early studies on the distribution of 
the hpids m the brain large samples of tissue were 
used, and the various fractions isolated, more or less 
quantitatively, by the classical differential solubihty 
techmques Extensive reviews of this work have 
been given by Page (1937) and Bloor (1943) 

To mvestigate experimentally degenerative con- 
ditions m the nervous system, methods must be 
available which require only small samples of tissue 
In recent years many such micro methods have been 
reported In the experiments described m this paper 
the micro methods at present m use m this laboratory 
have been apphed to normal bram tissue 

METHODS 

Btagenis All reagents used were of AR grade, and aU 
solvents wore fteshly redistilled on the day of use 

Extraction of lipids 

The brain was dissected out as soon as possible after the 
ammal had been killed A small sample of tissue (1-2 g ) 
was rapidly weighed, and extracted by a modification of the 


method of Bloor (1929) It was ground m a mortar with a 
small quantity of acid washed, ether-extracted sand, and 
Buooessively extracted with 60 ml ethanol (2 portions), 
50 ml 1 1 ethanol-ether mixture (8 portions) and 50 ml 
ether (1 portion) Each extract wm filtered m tom through 
an ether-extracted Whatman no 2 filter paper mto a 
600 ml volumetno flask, and the contents of the flask 
finally made up to volume with ether By this procedure, in 
which the proportion of solvent to tissue was greater than 
that usually adopted, the hpids were completely extracted 
from bram tissue To verify this, the insoluble residue was 
extracted for 6 hr with ether m a continuous extraction 
apparatus, followed by a further 6 hr with methanol The 
comhmed extract was found to contam neither cerehroside 
nor oholeaterol and only negligible quantities of phospho 
bpid When the same procednre was apphed to hver tissue, 
however, it was found that a considerable phosphohpid 
fiaotion was not extracted 

Three separate 100 ml samples of the ether-ethanol 
extract were placed m a 60° water bath, and evaporated 
just to dryness under reduced pressure and m an atmo 
sphere of N, The residue was extracted successively with 
eight 2 ml portions of hght petroleum (b p 40-60°) and the 
light petroleum evaporated down to 1 ml on a 60° water 
hath The phoaphohpids were precipitated by adding 30 ml 
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acetone and 20 drops of a saturated solution of MgClj m 
ethanol After centrifuging, the clear supernatant hquid 
iras decanted into a 60 ml volumetric flask The ppt was 
washed with 10 ml acetone and the acetone washings were 
added to the 60 ml volumetric flask which was then made 
up to volume with acetone The ppt was dissolved m 6 ml 
of a 1 1 methanol-ether mixture, and transferred quanta 
tatively to a 26 ml volumetric flask which was made up to 
volume with 1 1 methanol-ether mixture 

All analyses were done m tnphcate, the sample for 
the cerebroside estimation bemg taken from the ongmal 
ethanol-ether extract, those for the cholesterol from each of 
the three 60 ml volumetric flasks oontammg the acetone 
soluble material, and those for the phosphohpids from each 
of the three 26 ml volumetno flasks contaimng the meth- 
anol-ether solution 

J’ree and total cholesttrcd were estimated m 2 ml of the 
acetone solution by a modification of the method of 
Schoenheuner A Sperry (1034), mcorporatmg improvements 
suggested by Sperry A iBrand (1943) and Sobel A Mayer 
(1946) The colour was read m a Coleman Umversal spectro 
photometer at 620 m/i. 

Cerebrostde3 were estimated by the method of Brand A 
Sperry (1941) m which the galactose bberated on hydro 
lysis IS estimated by the ceno sulphate titration procedure 
of Mfller A Van Slyke (1936) Six 26 ml samples were taken 
from the ongmal ethanol-ether extract and, of these, three 
were hydrolyzed, and three treated m exactly the same way, 
except that the hydrolysis was omitted Enogreen proved 
to be a more satisfactory mdicator than either setopahne C 
or the o phenanthrolme ferrous complex suggested by 
Maoy (1942) It was found that more reproducible results 
could be obtained if the unhydrolyzed as well as the hydro 
lyzed sample was neutralized to chlorophenol red before the 
clarification procedure 

PhospTioltpiis The procedure adopted for the determma 
tion of the vanous phosphohpids was the same as that 
desonbed by Hack (1947) It depends on the observation 
that the monoammophosphohpids, leoithm and kephabn, 
are completely hydrolyzed by if KOH m 18 hr at 37° 
whereas, under these conditioiis, there is no hydrolysis of 
sphmgomyehn The total acid soluble P m the hydrolysis 
mixture is a measure of the lecithm and kephahn present 
(Schmidt, Benotti, Hershman A Thannhauser, 1946) and 
the chohne a measure of the lecithm (Hack, 1947) The 
difierence between the total P and the total acid soluble P 
m the hydrolysate is a measure of the sphmgomyehn, and 
the difierence between the molecular eqmvalents of mono 
ammophosphohpid and chohne gives the molecular eqmva 
lents of kephahn 

For the estimation of total hpid P, 1 ml was taken from 
the 26 ml volumetno flask contaimng the methanol-ether 
solution of the phosphohpids, and the total P was deter 
min ed by the method of Fiske A Subbarow (1926) The 
phosphohpid was calculated on the basis of 

total phosphohpid =total hpid P x 26 

The monoaminophosphohpid was estimated m the re 
mammg 24 ml. of the methanol-ether solution which was 
evaporated under reduced pressure at 60° to a volume of 
0 2 ml After the addition of 6 ml if KOH, the tube was 
stoppered and shaken at 37° for 18 hr To 0 6 ml of this 
solution, pipetted mto a centrifuge tube, there were added 
0 1 mL 6^ HCl and 3 ml 10% (w/v) tnohloroacetic acid. 
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The centnfuge tube was stoppered, shaken, and kept for 
1-2 hr at room temperature After centnfugmg, the solu 
tion was filtered through a Whatman no fflter paper, 
and the total P estimated m 2 ml of the tnchJoroscetio acid 
filtrate (representmg 1 28 mh of the methanol ether solu 
tion) by the method of Fiske A Subbarow (1926) After 
correction had been made for the vanous dilutions, the 
monoanunophosphohpid was calculated on the basis of 
monoammophosphohpid= total P of 

tnohloroacetic acid filtrate x26 
An estimate of the lecithm was obtamed by detemmung 
the chohne m the hydrolysate by what was essentially the 
method of Ghck (1944) To the remamder of the hydrolysate 
(eqmvalent to 21 7 ini of the methanol ether solution) there 
was added 1 drop of 1 % (w/v) thymolphthalem m ethanol, 
followed by glacial acetic acid, drop by drop, until the blue 
colour disappeared The solution was filtered through a 
Whatman no 44 filter paper, and washed with three 2 ml 
portions of distilled water 

To the filtrate was added 2 ml 2% (w/v) ammomnm 
remeokate m methanol, and the tube kept m the refrigerator 
overnight for the precipitation of the chohne The remamder 
of the procedure was earned out as desonbed by Ghck 
(1944), except that the chohne remeokate was dissolved m 
a final volume of 4 ml acetone, and the colour density 
measured m a Coleman Umversal spectrophotometer at 
626 m/i A standard solution contaimng 600 pg chohne 
chlonde was taken through at the same time After cor 
rection had been made for the vanous dilutions, the lecithm 
was calculated on the basis of 
leoithm = chohne (as chohne chlonde) m the 

tnohloroacetic acid filtrate x 6 66 
The sphmgomyehn and kephahn were calculated as 
follows 

sphmgomyehn = total phosphohpid 

— monoammophosphohpid 
kephahn = monoanunophosphohpid - lecithm 

RESULTS 

The concentration of cerebroside, cholesterol and 
phosphohpid in guinea pig, cat and rabbit brain is 
given in Table 1 , and Table 2 gives the concentration 
of the individual phosphohpids, lecithin, sphingo 
myelin and kephahn In the experiments reported 
m these two tables the mvestigations were done on 
whole bram, no attempt bemg made to separate 
grey matter from white matter It wiU be seen that 
the distribution pattern of the hpids was similar for 
each species studied 

Table 3 shows the cerebroside, cholesterol and 
phosphohpid concentration m both grey matter and 
white matter from brams of the cat, dog, beaver and 
man, wlule Table 4 shows the concentration of each 
of the mdividual phosphohpid fractions which con- 
stitute the total phosphohpids 

The figures of Tables 1-4 are m terms of mg / 
100 mg fresh tissue It is. seen that, on this basis, 
there was a greater concentration of cerebroside, 
total cholesterol, and total phosphohpidm the white 
matter than m the grey for every species studied 
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Table 1 Lipids in normal brain, expressed as mg /lOO mg fresh tissue (mean + s B mean) 



No of 
animals 

Cerebroside 

Free 

cholesterol 

Total 

cholesterol 

Ester 

cholesterol 

Total 

phosphohpids 

Gumea pig 

8 

2 29±013 

1 01 ±0 09 

1 76±0 10 

0 16±0 07 

4 82±0 28 

Cat 

8 

1 88±0 12 

1 80±O 07 

1 94±0 07 

0 06 ±0-02 

4 67±0 29 ' 

Rahhit 

4 

2 74±0 14 

2 16±0 06 

2 21±0 06 

0 05±0 02 

6 40±0 18 

Table 2 

Phospholipids in 

normal brain. 

expressed as mg 

/lOO mg fresh 

tissue (mean ± s 

B mean) 


No of 
animals 

Total 

phosphohpida 

Monoammo 

phosphohpids 

Leoithm 

Sphmgomyehn 
(total phospho 
hpid less 
monoammo 
phosphohpid) 

Kephahn 

(monoammo 

phosphohpid 

less 

leoithm) 

Gumea pig 

8 

4 82±0 28 

3 79±0 13 

— 

0 94±0 09 

— 

Cat 

8 

4 67 ±0 29 

3 69±0 23 

1 18±0 08 

0 93±0 10 

2 16±0 36 

Rabbit 

4 

6 40±018 

4 32±0 16 

1 39 ±0 08 

1 08±0 10 

2 92±010 


Table 3 Lipids in grey matter and white matter of normal brain, expressed as mg /lOO mg fresh tissue 




Free 

Total 

Ester 

Total 

Total 


Cere 

ohole 

chole- 

ohole 

phospho 

‘ essential 


broside 

sterol 

sterol 

sterol 

hpid 

hpids’ 

Cat 1 Grey matter 

1 10 

124 

1 29 

0 06 

464 

6 93 

White matter 

4 83 

4 42 

442 

000 

818 

17 43 

Cat 2 Grey matter 

1 86 

1 19 

120 

0 01 

^ 4 03 

7 09 

White matter 

6 37 

464 

4 04 

0 00 

7 73 

17 74 

Dog 1 Grey matter 

149 

129 

- 1 36 \ 

0 07 

4 20 

7 05 

White matter 

6 79 

5 39 

6 39 

000 

8 96 

21 13 

Dog 2 Grey matter 

1 64 

129 

1 30 

0 01 

419 

7 03 

White matter 

742 

4 86 

4 86 

0 00 

7 99 

20 27 

Beaver Qrej' matter 

0 68 

1 16 

1 18 

0 02 

3 70 

6 66 

White matter 

486 

416 

416 

000 

7 22 

16 23 

Human 1 Grejf matter 

1 20 

100 

1 00 

0 00 

3 12 

6 32 

White matter 

4 61 

3 69 

400 

0 31 

624 

14 85 

Human 2 Grey matter 

0 63 

0 95 

a97 

0 01 

348 

' 6 08 

White matter 

4 14 

3 83 

384 

0 01 

6 80 

14 78 

Table 4 Phosphohpids in grey matter and white matter of normal brain, 
expressed as mg /lOO mg fresh tissue 



Cat 1 Grey matter 
White matter 
Cat 2 Grey matter 
White matter 
Dog 1 Grey matter 
White matter 
Dog 2 Grey matter 
AVhite matter 
Beaver Grey matter 
White matter 
Human 1 Grey matter 
\Vhito matter 
Human 2 Groj matter 
BTnte matter 


Total 

phosphohpida 

464 
8 18 


Monoammo 

phosphoUpidB 


3 80 
0 02 


Leoithin 


Sphmgomyelm 
{toW phos 
phohpid less 
monoammo 
phosphohpida) 


0 08 
2 16 


Kephahn 

(monoammo 

phosphohpida 

less 

leoithm) 


03 

3 29 

73 

3 96 

20 

3 20 

96 

4 66 

19 

3 28 

99 

4 95 

70 

2 90 

22 

454 

12 

2 82 

24 

364 

48 

2 93 

SO 

4 99 


1 36 

0 74 

1 36 

3 78 

0 77 

094 

1 05 

4 29 

123 

, 0 91 

1 62 

304 

0 69 

0 80 

1 13 

2 68 

0 61 

0 30 

0 90 

2 60 

1 16 

0 55 

149 

1 80 


1 94 

2 69 

2 49 

3 01 

2 05 

3 33 
2 21 
3 41 

2 21 

2 74 

177 

3 60 
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(Table 3) Each of the mdividiial phospholipids 
(lecithm, sphmgomyehn and kephalm) was present 
in a greater concentration m the white matter than 
m grey, but by far the greatest difference was m the 
sphmgomyehn fraction (Table 4) 

In Table 6 the various hpid fractions have been 
expressed as a percentage of the ‘essential hpid 1 e 
as a percentage of the sum of the cerebroside, total 
cholesterol and total phospholipid On this basis it 


DISCUSSION 

The methods used allow tnphcate estimations of aU 
the substances measured to be done on samples of 
tissue as smaU as 600 mg If smgle determmations 
only are done, samples weighing as httle as 100 mg 
may be used 

The extraction procedure and the published 
methods for the estimation of both free and total 


Table 6 Distribution of lipids in normal brain, expressed as percentage of ‘ essential lipids ’ 



Cere 

bromde 

Total 

ohole 

sterol 

Total 

phospho- 

hpid 

Lecithm 

Sphmgo 

myelm 

Kephalm 

Cat 1 Grey matter • 

16 8 

18 6 

66 6 



98 



White matter 

27 7 

26 3 

47 0 

— 

22 4 



Cat 2 Grey matter 

26 3 

16 9 

66 8 

18 8 

10 6 1 

27 6 

White matter 

30 3 

261 

43 6 

76 

214 

14 6 

Dog 1 Grey matter 

214 

19 2 

69 4 

10 7 

13 6 

361 

White matter 

32 1 

26 4 

426 

7 7 

20 2 

14 6_ 

Dog 2 Grey matter 

21 9 

18 4 

69 7 

17 4 

13 1 

29 2 

White matter 

36 6 

240 

39 4 

80 

16 0 

16 4 

Beaver Grey matter 

12 3 

214 

66 3 

12 4 

14 3 

39 6 

White matter 

29 9 

26 8 

443 

69 

16 6 

20 8 

Human 1 Grey matter 

22 6 

18 8 

68 6 

114 

67 

416 

White matter 

31 1 

26 9 

420 

60 

17 5 

18 6 

Human 2 Grey matter 

12 4 

191 

68 6 

22 7 

10 8 

36 0 

White matter 

280 

26 0 

460 

101 

12 2 

237 


IS seen that, compared with grey matter, white 
matter contamed relatively more cerebroside and 
cholesterol and less phosphohpio. Of the mdividual 
pho^hohpids, however, white matter contamed 
relatively more sphmgomyehn and less lecithm and 
kephalm, thus, even although the concentration of 
total phosphohpid m white matter was less on an 
‘essential hpid’ basis, the concentration of sphmgo- 
myehn was greater It foUows, therefore, that the 
percentage of sphmgomyehn m the total phospho 
hpid fraction must be greater m white matter than 
m grey This was observed to be so (Table 6) 


Table 6 Distribution of phospholipids in normal 
brain, expressed as percentage of total phospholipids 


Cat 1 Grey matter 

Lecithm 

Sphmgo 

myehn 

14 9 

Kephalm 

White matter 

— 

47 6 

— 

Cat 2 Grey matter 

33 4 

18 2 

48 4 

White matter 

18 4 

480 

33 6 

Dog 1 Grey matter 

18 3 

224 

69 3 

' White matter 

18 6 

47 4 

340 

Dog 2 Grey matter 

29 2 

218 

49 0 

White matter 

20 3 

38J 

41 6 

Beaver Grey matter 

18 6 

21 6 

69 8 

White matter 

16 7 

37 1 

47 2 

Human 1 Grey matter 

19 6 

97 

70 8 

White matter 

14 3 

41 7 

440 

Human 2 Grey matter 

33 2 

16 8 

61 0 

White matter 

21 9 

26 6 

61 6 


cholesterol and of cerebroside proved satisfactory At 
first sphmgomyehn was measured by the remeokate 
method developed by Thannhauser and his col- 
leagues (Thannhauser & Setz, 19300, 6,Thannhauser 
& Benotti, 1938) This method, combmed with the 
estimation of the chohne contaimng phosphohpids, 
was used for determmmg the phosphohpid distri- 
bution m tissues as described by Thannhauser, 
Benotti & Remstem (1939), and adapted for S m aU 
samples of tissue by Erickson, Avrm, Teague & 
Wilhams (1940) The remeokate method proved tm 
satisfactory m our hands, however, and it is m- 
terestmg to note that it has also been criticized by 
Hack (1946), Schmidt etol (1946) and Thannhauser, 
Benotti & Boncoddo (1946) 

There are few reports m the hterature on the 
distribution of the hpids m the bram of the gumea 
pig, rabbit and cat, and, as far as we know, none on 
that of the beaver The figures presented here are 
comparable to those reported for dog bram by 
Enckson et ' al (1940), for ox bram by Kauoher, 
Galbraith, Button & WUhams (1943) and for rat 
bram by W illiams , Galbraith, Kaucher, Moyer, AUen 
& Macy (1946) 

-The flnrlin g that there was a greater concentration 
qf cerebroside, cholesterol and sphingomyehn m 
white matter than m grey matter is m agreement 
with the work of RandaU (1938) and Yasuda (1937), 
who found that there was a greater concentration of 
cholesterol and phosphohpid m white matter than 
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m grey The greater concentration of cholesterol m 
white matter has also been observed by Petrowsky 
(1873),Thudichum{1901)andKjrsohbaum&Linnert 
(1912), and the greater concentration of cerebroside 
by Petrowsky (1873) and Smith & Mair (1912—13) 

In the present study it was shovra. that, on a wet 
weight basis, thfere was a greater concentration of all 
three phosphohpids — lecitbm, sphmgomyehn, eind 
kephahn — the white matter than m the grey, but 
that the mcrease was chiefly m the sphmgomyehn 
fraction This is m confirmation of the observation 
of Schmidt ei al (1946), who found that the 
concentration, on a wet weight basis, of sphmgo 
myelin m the white matter of ox bram was much 
greater than that m the grey matter 
The figures reported for the relative concen 
trations of lecithm, sphmgomyehn and kephahn for 
grey matter axe similar to those obtamed for whole 
bram by other workers u®ng the method of Thann 
hauser, Benotti & Remstem (1939) For instance, 
Thannhauser, Benotti, Walcott & Remstem (1939) 
for human bram, Enokson et al (1940) for dog 
bram, Kaucher et al (1943) for ox bram, and 
Wilhams et cH (1946) for rat bram found that the 
concentration of sphmgomyehn was roughly the 
same as that of lecitbm, and that the concentration 
of kephahn was much greater In white matter the 
concentration of sphmgomyehn relative to that of 
lecithm was found to be much greater than m grey, 
whereas the concentration of kephahn relative to 
that of lecithm was not greatly different 

White matter is thus seen to be characterized by 
a high concentration of ‘essential hpid’, there bemg 
relatively more cerebroside, cholesterol and sphmgo 


myehn than is present m grey matter, with httle 
difference m the case of lecithm or kephahn This 
was found to be true for all the species studied, the 
cat, dog, beaver and man, and it is temptmg to 
speculate that it is the cerebroside, cholesterol and 
sphmgomyehn, rather than lecithm and kephedm, 
that form the basis of ‘myehn’ 

SUMMARY 

1 The concentration of cerebroside, free chole- 
sterol, total cholesterol, total phosphohpid, lecithm, 
sphmgomyehn and kephahd has been determmed m 
the whole brams of a senes of gumea pigs, cats and 
rabbits 

2 Similar studies have been made on both the 
white matter and grey matter from brams of the 
cat, dog, beaver and man 

3 On a wet weight basis, there was a greater 
concentration of cerebro&ide, total cholesterol, total 
phosphohpid, lecithm, sphingomyelm and kephahn 
m white matter than m grey matter 

4 Referred to total ‘essential hpid’ the concen- 
tration of cerebroside and total cholesterol was 
greater m white matter than m grey, while the con- 
centration of total phosphohpid was less However, 
the concentration of sphingomyelm was greater m 
white matter, this bemg offeet by a decrease m the 
concentration of both lecithm and kephahn 

This work, a prelunmary report of which was presented 
to the Biological Chemistry HiviBion of the Chemical 
Institute of Canada m June 1948, was aided hy a grant 
from the National Research Council of Canada Thanks 
are due to Mr Norval Burt fpr sldlfhl technical assistance 
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In order to study expemnentally the changes which 
occur in the distribution of the hpids in a peripheral 
nerve when it undergoes degeneration, methods had 
to be developed which demanded only a small sample 
of tissue In this paper the apphcation of the 
methods at present m use m this laboratory to 
normal peripheral nerve is described 

J 

METHODS 

Analyses were made on the sciatio nerves of 3 rabbits, 
4 cate, 3 dogs and a beaver, and on the soiatio nerves or 
emoral nerves of a number of humans The nerve was 
dissected out as soon as possible after death and the hpids 
were exthaoted and estimated by the methods desonbed 
previously (Johnson, MoNabb & Rossiter, 1948) The con 
oentration of free oholesterOl, total cholesterol, cerebroside, 
total phosphohpid, monoammophosphohpid and leoithm 
was measured directly, and, from these figures, the values 
for ester cholesterol, sphmgomyelm and kephahn were 
calculated 

RESULTS 

The concentration of* essential hpid’,1 e cerebroside, 
cholesterol tmd phosphohpid, for each nerve studied 
IS given m Table 1, and the concentration of lecithm, 
sphingomyelin anii kephahn, the mdividual phos 
phohpids which go to make up the total phospho 


hpid fraction, m Table 2 The figures m each of these 
tables are m terms of mg /lOO mg fresh tissue In 
Table 3, each of the hpid fractions is given as a 
percentage of the ‘essential hpid’, while m Table 4 
each of the mdividual phosphohpids — ^lecithin, 
sphingomyehn and kephahn — is given as a per- 
centage of the total phosphohpid. 

DISCUSSION 

The classical work on the distribution of the hpids 
m peripheral nerve is that of Falk ( 1 908), who found 
the foUowmg relative concentrations of hpid m 
meduDated nerve cholesterol, 26 0, kephahn, 12 4, 
lecithin, 2 9, and cerebroside, 18 2 In the present 
mvestigation, m which more refined methods have 
been used for determinmg the distribution of the 
hpids, the results are considerably different 
Randall (1938), m a study of human nerve, found 
that the concentration of phosphohpid was 4 6, 
cholesterol 1 6 and cerebroside 16%, referred to 
wet weight In general our results for human nerve 
substantiate those of BandaU, but the latter did not 
attempt to distinguish between the various phos- 
phohpid fractions In most of the human nerves 
studied, the concentration of the various hpids was 
found to be shghtly less than that reported by 


Table 1 Lipids in peripheral nerve (expressed as mg /1 00 mg fresh tissue) 




Free 


Cere 

ohole 


brosides 

sterol 

Babbit 1 (S) 

294 

2 68 

Babbit 2 (S) 

2 61 _ 

2 67 

Babbit 3 (S) 

3 23 

365 

Cat 1 (S) 

2 88 

3 19 

Cat 2 (S) 

1 48 

3 66 

Cat 3 (S) 

2 82 

3 74 

Cat 4 (S) 

1 99 

2 87 

Dog 1 (S) 

2 88 

3 07 

Dog 2 (S) 

4 15 

2 78 

Dog 3 (S) 

1 97 

2 43 

Beaver 1 (S) 

134 

3 16 

Patient 1 (S) 

264 

1 61 

Patient 2 (F) 

0 94 

1 37 

Patient 3 (S) 

1 09 

1 26 

Patient 3 (P) 

1 36 

1 44 

Patient 4 (S) 

1 30 

1 16 

Patient 4 (F) 

' 1 33 

1 48 

S=soiatio 1 


Total 

Ester 

Total 


ohole 

ohole 

phospho 

‘Essential 

sterol 

sterol 

hpid 

hpid’ 

2 70 

0 02 

6 21 

10 86 

2 80 

0 13 

6 79 

1120 

3 69 

004 

6 81 

13 73 

3 23 

004 

6 21 

12 32 

364 

0 08 

6 88 

1100 

3 76 

0 01 

7 27 

13 84 

2 89 

0 02 

6 28 

11 16 

3 10 

0 03 

6 39 

11 37 

2 78 

000 

6 14 

12 07 

2 43 

0 00 

6 62 

10 02 

3 16 

000 

6 85 

10 34 

1 66 

0-14 

3 81 

8 00 

137 

000 

2 22 

463 

129 

004 

3 09 

6 47 

1 44 

0 00 

2 97 

6 76 

1 17 

0 01 

240 

4 87 

1 63 

0 05 

3 32 

6 18 


= femoral nerve 
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Table 2 Phospholipids in peripheral nerve {expressed as mg /lOO mg fresh tissue) 



Total 

Monoammo 

, 

phosphohpid 

phosphohpid 

Babbit 1 (S) 

6 21 

2 74 

Rabbit 2 (S) 

6 79 

3 64 

Babbit 3 (S) 

6 81 

2 94 

Cat 1 (S) 

6 21 

3 22 

Cat 2 (S) 

6 88 

3 26 

Cat 3 (S) 

7 27 

2 76 

Cat 4 (S) 

6 28 

3 13 

Dog 1 (S) 

6 39 

2 09 

Dog 2 (S) 

V 614 t, 

2 23 

Dog 3 (S) 

6 62 

2 38 

Beaver 1 (S) 

6 86 

2 68 

Patient 1 (S) 

3 81 

149 

Patient 2 (F) 

2 22 

0 89 

Patient 3 (S) 

3 09 

123 

Patient 3 (F) 

2 97 

1 28 

Patient 4 (S) 

2 40 

0 76 

Patient 4 (F) 

3 32 

1 61 

S =soiatio nerve. 



Sphmgomyelm 
(toti phos 
phohpid less 
monoammo 

Kephahn 

(monoammo 

phosphohpid 

Lecithin 

phosphohpid) 

less lecithin) 

0 67 

2 47 

2 07 

0 66 

225 

288 

1 10 

3 87 

1 84 

0 72 

2 99 

2 50 

0 72 

2 63 

2 63 

101 

4 61 

176 

0 98 

3 16 

217 

1 03 

3 30 

1 06 

101 

2 91 

122 

0 72 

324 

1 66 

0 72 

3 17 

1 96 

064 

2 32 

0 86 

0 31 

1 33 

0 68 

0 36 

1 86 

088 

043 

169 

0 86 

0 36 

1 64 

0-41 

0 46 

femoral nerve 

1 71 

1 le-- 


Table 3 Distribution of lipids in peripheral nerve {expressed as percentage of ‘ essentud lipid') 



Cere 

Total 

ohole 

Total 

phospho 


Sphmgo 

Kephahn 


broaide 

sterol 

hpid 

Leoithm 

myelm 

Rabbit 1 (S) 

27 1 

249 

48-0 

62 

22 8 

19 0 

Rabbit 2 (S) 

23 3 

26 0 

61 7 

60 

20 3 

25 4 

Rabbit 3 (S) 

23 6 

26 8 

49 6 

82 

27 9 

13 6 

Cat 1 (S) 

Cat 2 (8) 

234 

26 2 

60 4 

68 

24 1 

20 6 

13 4 

331 

63 6 

66 

23 9 

23 0 

Cat 3 (S) 

20 6 

26 6 

62 9 

74 

32 8 

12 7 

Cat 4 (8) 

17 8 

26 0 

66 3 

86 

28 4 

19 4 

Dog 1 (S) 

263 

27 3 

47 4 

9 1 

29 0 

9 3 

Do| 2 (8) 

344 

23 0 

426 

84 

24 1 

10 1 

Dog 3 (8) 

19 7 

242 

66 1 

7 2 

32 4 

16 6 

Beaver 1 (8) 

13 0 

30 4 

66 6 

69 

30 8 

18 9 

Patient 1 (8) 

31 7 

20 7 

47 6 

7 8 

29 1 

10 7 

Patient 2 (F) 

20 9 

30 2 

48 9 

67 

29 4 

12 8 

Patient 3 (8) 

19 7 

243 

66 0 

69 

33 9 

16 2 

Patient 3 (F) 

23 3 

26 1 

61 6 

76 

29 4 

14 7 / 

Patient 4 (8) 

26 6 

241 

49 3 

7 1 

33 8 

8 4 

Patient 4 (F) 

21 6 

248 

S=aciatio nerve. 

63 7 7 4 

F= femoral nerve 

27 7 

18 6 


Randall However, oiir toatenal came from older 
patients, the ages of the four patients studied bemg 
64, 08, 74 and 46 years RandaU has reported that, 
m diabetic and artenosclorotic gangrene, there is 
a docroose m the concentration of each of the 
‘essential lipid’ constituents of nerve, an obser 
1 ation confirmed by us for other degenerati\ e con- 
ditions 

Another pomt to consider is that the material 
studied came from the provimol end of the nerve, 
V hero the non o is largo and the mcorporated fibrous 
coiuicoti\ otissuomuchgreater This,'wefeel, explains 
n hj , on a wet weight basis, the concentration of 
'essential hpid’ m human ner\ o was found to bo less 
than that of the rabbit, cat, dog and beaver, where 
the nerves were smaller and connective tissue less 


Despite the fact that the concentration of each of the 
bpid fractions was found to be less m human nerves, 
the distributions of the three fractions wluch make 
up the ‘essential hpids’, and of the mdividual phos 
phohpids, were very sumlar m the human and 
animal nerves 

There are few data m the hterature for the dis- 
tribution of the hpids m the peripheral nerves of the 
rabbit, cat, dog and beaver Schmidt, Benotti, 
Hershman & Thannhauser (1946) estimated total 
phospholipid and monoammophosphohpid concen- 
tration m three cat nerves They found 7 6, 8 6 and 
8 3 % phosphohpid, of which 60, 44 6 and 44 5 % 
was sphmgomyelm, these figures are of the same 
order as ours They also found that sphmgomyehn 
formed only 20 % of the total phospholipid m rat 

37 2 
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nerve, a value lower than that for any of the species 
investigated in the present study 

Table 4 Distribution of phospholipids in peripheral 
nerve {expressed as percentage of total phospholipid) 



Lecithm 

Sphmgo 

myehn 

Kephahn 


(%) 

(%) 

{%) 

Rabbit 1 (S) 

12 9 

47 4 

39 7 

Rabbit 2 (S) 

11 4 

38 9 

49 7 

Rabbit 3 (S) 

16 2 

66 8 

27 0 

Cat 1 (S) 

11 6 

482 

402 

Cat 2 (S) 

12 2 

448 

43 0 

Cat 3 (S) 

14 0 

62 0 

240 

Cat 4 (S) 

16 2 

60 3 

346 

Dog 1 (S) 

19 1 

61 2 

19 7 

Dog 2 (S) 

19 6 

66 6 

23 8 

Dog 3 (S) 

12 8 

67 7 

29 5 

Beaver 1 (S) 

12 3 

64 4 

33 3 

Patient 1 (S) 

16 6 

61 1 

22 4 

Patient 2 (F) 

13 6 

60 2 

26 2 

Patient 3 (S) 

11 3 

60 2 

28 6 

Patient 3 (F) 

14 6 

67 0 

28 6 

Patient 4 (S) 

14 6 

68 4 

17 1 

Patient 4 (F) 

13 8 

61 6 

34 7 

S= sciatic nerve, F 

= femoral nerve 



The relative distribution of cerebroside, chole 
sterol and phosphohpid was roughly 1 12m peri- 
pheral nerves of all the species studied This is also 
roughly the distribution of the ‘essential hpids’ m 
bram tissue of the same species (Johnson et al 1948) 
When one exammes the distribution of the various 
constituents of the phosphohpid fraction, however, 
a difference between peripheral nerve and bram 
tissue becomes apparent In all the species studied 
60-70 % of the phosphohpid of peripheral nerve is 
sphmgomyehn, whereas the correspondmg figure 
for whole bram tissue IS 20% The figure is 40 % for 
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bram white matter, however, and m general the 
distribution of all the hpid constituents of peripheral 
nerve hears a much greater resemblance to the hpid 
distribution m the white matter of the bram than 
to either that of the grey matter or that of the bram 
as a whole This is particularly apparent when the 
hpids are presented as percentages of total ‘ essential 
hpid’, and it is, perhaps, hardly surpnsmg when one 
considers that a high percentage of the hpids m hoth 
the white matter of the bram and m peripheral nerve 
go to make up the ‘myelm’ sheath The cluef 
difference between the hpid distribution m pen 
pheral nerve and that m white matter of the bram 
IS that, m peripheral nerve the percentage of 
sphmgomyehn is somewhat greater, while the per 
centage of kephahn and cerebroside is somewhat 
less 

SUMMARY 

1 The cerebroside, free cholesterol, total chole 
sterol, total phosphohpid, lecithm, sp hin gomyelin 
and kephahn concentrations m peripheral nerves 
from the rabhit, cat, dog, beaver and man have heen 
determmed 

2 The distribution of the ‘essential hpids’ (cere 
brosides, total cholesterol and total phosphohpid) 
and of the mdividual phosphohpids more closely 
resembles the distribution m the white matter of the 
bram than that m either the grey matter or whole 
bram In peripheral nerve, however, there is 
relatively more sphmgomyehn and less kephahn and 
cerebroside than m bram white matter 

This work was aided by a grant finm the National 
Research (knmoil of Canada Thanks are due to Mr Norval 
Bnrt for skdfol teohnioal assistance 
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Eifect of Adrenalectomy on the Arginase Levels of Liver, 
Mammary Gland and Eadney m Lactating Rats 
, Studied by the Paired Feeding Technique 

By S J FOLLEY Airo A L GREENBAUM 

NcUtonal InsMute for Reeearch tn Dairying, University of Reading 

(^Received 29 April 1948) 


Th 0 liver argmase m the rat decreases following 
adrenalectomy (Eraenkel Gonrat, Simpson & Evans, 
1943, FoUey & Greenbaum, 1946, Koohakian & 
Vail, 1947), and m lactatmg rats the mammary- 
gland argmase behaves similarly (FoUey & Green 
baum, 1946) It is possible that the declme m 
lactationcausedby adrenalectomy (see, e g ,Co-wie& 
FoUey, 1947 a) is connected -with the decrease m 
ma mm ary gland argmaSe, for there is evidence 
(FoUey & Greenbaum, 1947 a) that this enzyme 
system plays an important role m the metabolism of 
the lewtatmg mammary gland 

Smce adrenalectomy is often foUowed by a 
marked reduction m food mtake (see Ingle, 1944), it 
IS important to find out whether the depressed tissue 
arginase levels characteristic of adrenalectomized 
animals are a primary consequence of the loss of the 
adrenals or merely a secondary consequence of the 
post operative anorexia Particularly is this so for 
lactating rats, m -which the food mtake rises rapidly 
and steadily over the first 17 days of the lactation 
period to a value some three tunes that of pregnancy, 
so that even though the effect of adrenalectomy 
durmg lactation is to prevent this rise rather than to 
cause an actual faU, the disparity m food mtake 
between adrenalectomized and mtact rats soon 
becomes very marked (Cowie, FoUey, French & 
Greenbaum, 1948) 

An mvestigation of this question by the paired 
feedmg method is described below The argmase 
levels of the kidney were studied m addition to those 
of mammary gland and hver, smce Kochakian & 
Vail (1947) have reported that the kidney argmase, 
like that of hver and mammary gland, is decreased 
after adrenalectomy 

EXPEREMENTAL 

AnxmaU Hoodjd Norway rats wore used, approx. 5-6 
months old and undergoing their first lactation The diet 
Tvas tho latest version of tho stock diet used in this colony in 
u hich 10 of the parts of whole wheat ha% o been replaced by 
11 heat germ (see Cowie & FoUey, 1048) The technique of 
paired feeding, including certain smaU obhgatory djet-ary 
modifications, was as used in a previous study bv Cowie A. 
Follcv (1948) Litters -were reduced to 8 at birth and the 
mothers adrenalectomized or sham operated on tho 4th da\, 
inth autopsj on tho nth daj 

TiMte arginofc determination Enzyme assays were made 
on tissue homogenates made as described pre\-iously (FoUey 


& Greenbaum, 1947 o), hver, ‘ abdominal’* mammary glands 
and kidney being dispersed for 6 nun mto 9, 19 and 29 
parts respectively of normal sahne The homogenates were 
fuUy activated with Mn++ after preparation (see FoUey & 
Greenbaum, 1948 o) so that the results give the presumed 
levels of enzyme protem m the tissues It was shown 
previously (FoUey & Greenbaum, 1948a) that, m mew of 
difficulties at present nnsurmountable m the way of deter 
mining the degree of activation of the ’native’ argmase 
system, the ‘potential’ argmase, as given by the activity of 
Mni-i activated homogenates, is probably the most bio 
logioaUy significant determination that can be made, parti 
cularly smce such evidence as we have mdioates that the 
enzyme is almost fuUy activated m the tissues of our rats 

The determmations were mode by the method of FoUey & 
Greenbaum (1948o), the reaction bemg earned out at 37° 
and pH 9 45 m presence of 0 227 m substrate The reaction 
times were as foUows hver, 6 mm , mammary gland, 6 or 
10 mm , kidney, 10 min The results are expressed m 
arbitrary argmase umts as defined by FoUey & Greenbaum 
(1948o) As m a previous study (FoUey & Greenbaum, 
1947 o) the mammary gland results have been expressed on 
a ‘milk free’ tissue basis, the lactose content of milk, 
secreted by adrenaleotomized and pair fed sham operated 
rats, bemg assumed to be the same as for normal lactatmg 
rats Smce this assumption hnay not bo quite true (see 
discussion by FoUey A Greenbaum, 1948i) the results for 
the mammae of the two former groups may be subject to 
a slight error 

RESULTS 

Table 1 gives data relating to the body -weights of the 
rats, organ weights, and milk content of the mam- 
mary tissues, etc The tissue argmase levels are 
given m Table 2 Of thp mammary glands only the 
‘abdommal’ ones were considered suitable for this 
work, and thus it was impossible to calculate the 
total mammary gland argmase activity per 100 g 
rat, instead, -values for th^ total ‘abdommal’ 
mammary gland argmase per 100 g rat are given 

Table 2 shows that the argmase actmties of the 
tissues of sham operated rats pair fed with adrenal- 
ectomized rats were not sigmficantly different from 
those of controls fed ad lib (see probabdities m 
Table 3) The total hver and ‘ abdommal ’ mammary- 
gland argmase values were, however, significantly 
diminished m the pair -fed controls due to a marked 
reduction m the size of these organs (Table 1) The 
total argmase of the kidney, which decreased very 

• le tho pair ofabdominal and the two pairs of mguinal 

glands 
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post adrenaleotomy changes noted m the arginase 
levels of the manxmary gland and kidney, however, it 
would seem reeiaonable to conclude that anorexia is 
not the primary 'cause of the decrease miihe hver 
arginase foUowmg adrenalectomy 
The use of an argmase assay method kmetically 
more sound (see discussion by FoUey & Greenbaum, 
1948 a) than that used previously for the purpose 
(FoUey & Greenbaum, 1946), together with the mtro 
duotionofameans ofmakmg at least an approximate 
correction of the results for the mil k retamed m the 
tissue, has enabled us to make a re evaluation of the 
argmase activity of the mammary gland m relation 
to other argmase containing tissues m the lactating 
rat, which is considerably more favourable to the 
mammary gland than our previous estimate Smce 
we have now foimd that, m the mtact lactatmg rat, 
the mammary gland exhibits about three times the 
arginase concentration of the kidney, our previous 
conclusion (FoUey & Greenbaum, 1946) that the 
mammary gland is the second most abundant source 
of mammahan argmase is amply confirmed These 
calculations of course refer to the total ‘ activatable ’ 
enzyme (presumably the total enzyme protem), but 
it IS not anticipated that the results would be much 
upset if it were possible to determine the concen 
tration of the active Mn'*”'' protem (see FoUey & 
Greenbaum, 1 948 a) m the tissues Our hver/kidney 
ratio IS lower than the ratio reported by Kochakian 
(1944) for the mouse Assuming, by analogy with 
the constancy of the concentration of alkahne 
phosphatase m the rat kidney during pregnancy, 
lactation and mvolution (FoUey & Greenbaum, 
1947o), that the kidney argmase does not mcrease 
m lactation, this discrepancy could be accounted 
for, at least partly, by the mcreased hver argmase 
content durmg lactation (FoUey & Greenbaum, 
1947 a) 


A L GREENBAUM 1948 

SUMMARY 

1 Liver, kidney and mammary-gland argmase 
levels of rats, adrenalectomized on the 4th day of 
lactation and autopsied on the 17th day, were 
significantly lower than those of pair-fod sham 
operated lactatmg rats Argmase per g moist tissue 
was reduced most m the mammary gland (to one 
seventh) and least m the kidney (to one half) 

2 The tissue argmase levels of sham operated 
lactatmg rats pair fed with adrenalectomized rats 
were not significantly lower than those of sham 
operated rats fed ad lib , save m the case of total 
argmase m the hver and m the ‘abdommal’ mam- 
mary glands, the reduction m which was m each case 
due to a decrease m the size of the gland or glands 
concerned 

3 It IS concluded that the results mdicate a closer 
relationship between adrenal cortical hormones and 
the argmase of the mammary gland and kidney than 
would be the case if the decrease m the enzyme 
concentration were due pnmarUy to post operative 
anorexia Reasons are advanced for the behef that 
the dimmution of hver argmase followmg adrenal 
ectomy is also not primarily due to anorexia 

4 Are evaluation of the relative argmase activity 
of the mammary gland, m relation to that of other 
tissues m the mtact lactatmg rat, mdicates that hver 
contains nin e tunes the amount m mammary tissue 
and twenty eight tunes the amount m kidney These 
ratios are much the same m mtact lactatmg rats on 
a reduced food mtake, but m adrenalectomized rats 
the activity of the mammary gland relative to the/ 
hver falls shghtly below that of the kidney 

We are indebted to Dr S K Eon for placing the facilities 
of his rat colony at our disposal , to Dr A. T Cowie for per 
forming the adrenalectomies and to Mr S C Watson for 
teohmcal assistance ^ 
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Vitamin G in the Walnut (Juglans regia) 

By F WOKES aot> B MELVILLE 

OvaUtne Research Laboratories, King’s Langley, Herts and the Royal Botanic Gardens, Kew 

N 

{Received 30 April 1948) 


The remarkably high concentration of vitamm C m 
unnpe walnuts {J vglans regia) appears to have been 
first reported by Gerghelezhiu (1937), and has been 
confirmed by Fyke, Melville & Sarson (1942) who 
also examined a number of aUied species and genera 
Melville, Wokes & Organ (1943) showed that unnpe 
walnuts and nuts from aUied species may also con- 
tam considerable amounts of apparent vitamm C, 
the provisional term suggested by Wokes, Organ, 
Duncan & Jacoby (1943) to describe substances 
occurrmg m certam foods, and, although not pos 
sessmg the antiscorbutic potency of vitamm C, not 
distmguished from it by the mdophenol dye titration 
as usually earned out Differentiation between true 
and apparent vitamm C m walnuts can, however, be 
effected by modifications of Lugg’s (1942) formalde- 
hyde method (Mapson, 1943, Wokes, Organ & 
Jacoby, 1943) 

Durmg the last four years we have studied the 
distribution of true and apparent vitamm C m 
different tissues of the walnut at mtervals through 
out the season, estunatmg them m the min ute 
amounts of material permitted by the high concen 
tration of the vitamm Our data provide informaioon 
on the possible functions and phytosynthesis of 
vitamm C which may be apphcable to other plant 
material contammg this vitamm 

METHODS 
CoUecHon of material 

The majonty of the Btunplea were taken from a typical tree 
of J rcgia growing at Kew, and the results were cheeked on 
a second tree at Kew and others at Berkhamsted and King’s 
Langley The matonal was at once put into oir tight boxes 
and transported ns qmokly ns possible to the laboratory, 
whore it was either exammed immediately or stored m the 
refrigerator Tests showed that there was no significant loss 
of vitamm C dunng transport, and very httlo change m 
moisture content except m leaves, where ns mnch as 10% 
might bo lost between collection and dissection In view, 
however, of the variable moisture content of the leaves as 
collected nt different times of day, and also of probable 
changes in weight through varying metabolio nctivitv 
during the day , wo adopted Chibnall s (1923) procedure and 
expressed our results on the basis of fresh weight Since our 
findings were largelv comparative wo do not think this 
procedure led to conous errors ns far os leases were con 
cemed With fruits, stems, buds, catkins and other parts the 
moisture losses were insignificant 


Preparation of extracts 

Nuts The walnut is a drupe Idee fruit m which the outer 
green husk is derived from two whorls of fused bracts In 
this paper the epidermis and a few subjacent cell layers are 
referred to as epioarp, and the bulk of the green husk 
belongmg to the inner bracts as mesooarp The white inner 
portion, which eventually becomes woody, corresponds 
with endooarp and consists of two carpels The testa or 
seed coat is well developed at an early stage The endosperm 
remains flmd untd the finut is almost full size, the shell 
begmning to harden before the endosperm is replaced by 
the embryo An attempt was made to separate these tissues 
from one another and to follow the seasonal ohanges of 
vitamm content m them. Shallow outs were made along the 
hue of union of the two carpels, which were forced apart and 
the undamaged kernel obtamed free from adherent endo 
oaxp The epioarp was then removed m thin shoes, followed 
by the mesooarp, and finally the endooarp was cut m small 
pieces Separation of mesooarp from endooarp was en 
Bured by rejeotmg adjacent parts of these tiasnes If a 
separate sample was required of the hquid contents of the 
kernel m young nuts, this was obtained by piercing the nn 
broken testa with a fine pomted teat pipette and with 
drawing the hquid by suction Any of the liqmd coming in 
contact with endooarp was removed by filter paper When 
a sample of the larger whole nut was taken, the first out 
along the oarpeUary junction was followed by a second out 
, nt Tight angles, each out hemg taken right to the centre to 
mclude the kernel The two diagonally opposite quarters 
were taken for dnpheate samples of the whole nut, and the 
remaining two quarters used for samples of epioarp, meso 
carp and endooarp 

Peduncle or fruit stall With the object of studying 
gradients of vitamin C within the plant a rough separation 
of phloem from xylem and other tissues was effected In the 
fruit stalk longitudinal shoes of cortex were cut off until the 
circular zone of pencyoho fibres was reached, as determmed 
by their paler colour Contmmng with longitudinal shces, 
the tissues from the pencyoho fibres to the cambium were 
included as phloem, and those inside the cambium as 
xylem and pith 

Stem A nng of bud scale scars marked the hirut of the 
piovions year’s growth Samples of cortex with phloem of 
the current year were obtamed by peehng off the bark, 
which came away readily at the cambium The romaming 
white cyhnder consisted of xylem with pith. In older bark 
the phloem could be separated from the cortex by careful 
dissection. 

Leaves The petiole was freed from its swollen base The 
peholar cortex was separated from the remaining tissues by 
removing longitudmal shces until the zone of pencycho 
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fibres was reached The green tisane of the leaflets, con 
sisting mainly of mesophyll, was separated by cuttmg along 
the midnb and its mam branches 

Buds and call ins The cone like male eatkm buds were 
readdy identified on reproductive shoots but female oatkm 
buds are not differentiated m J regia Smce the nuts always 
develop from termmal buds, the terminal and lateral buds 
of both vegetative and reproductive shoots were exammed 
separately 

Roots These were separated mto fine and coarse but were 
not dissected In order to minimiz e losses through enzymic 
action all pieces cut off were placed immediately m fared 
weighmg bottles contarmng HPO3 Stamless steel kmves 
and safety razor blades were used 

Estimations 

Dye titrations Visual estimations of ‘total’ vitamm C 
were made substantially as descnbed by Hama <L Olhver 
(1942) for true vitamm C, the end pomt bemg persistence of 
the pink colour for 20 sec , and care bemg taken with the 
t imin g when there was sufiicient apparent vitamm C present 
to affect the rate of reaction with the dye ‘Apparent’ 
vitamm C was estimated by the method of Wokes, Organ & 
Jacoby (1943) The methods of Mapson (1943) and of Snow 
A Zdva (1944) apphed occasionally, when sufiicient material 
was available, showed certam discrepancies because they do 
not make adequate allowance for the effect of the titration 
pH on the dye titration value, which has been shown to be 
very marked m walnut matenal (Wokes, 1946) ‘True’ 
vitamm C was usually determined mdirectly by subtraotmg 
apparent from total vitamm C It was occasionally estimated 
directly by the ascorbic acid oadase method, based on the 
fact that the apparent vitamm C m walnuts acts much more 
slowly with the enzyme than does true vitamm 0 When 
calculatmg the concentration of apparent vitamm C the 
latter was assumed to have the same dye titration value as 
ascorbic acid Evidence wiU be given later m support of this 
assumption. 

Potentiometno estimations were made by the method of 
Hams, Mapson & Wang (1942) for true vitamm C, with 
certam modifications advantageous when apparent vitamm 
C IS present (Wokes, Organ A Jacoby, 1943) 

D^ydroascorbic acid Estrmations of this substance by 
the TT^ R reduction method showed that it could only have 
been a small percentage of the total vitamm C content 
(eg leaves 3-4%, nuts 3-5%, endocarp 6%) Smce 
sufficient matenal for accurate determination of these 
mmute amounts was often lackmg, such estimations were 
usually omitted. 

pH measurements These were made with a Cambndge 
portable pH- meter, also used m the potentiometno estima 
tions 

RESULTS 

Oxidizing enzymes and pH of tissues 

Study of these enzymes by the techmque previously 
apphed to tomatoes (Wokes & Organ, 1943) showed 
that the tissues, when exammed at pH 6 5, can be 
placed m the foUowmg decreasing order of oxidative 
activity — epicarp, mesocarp, endocarp, kernel The 
natural pH of the endocarp is usually below 6, 
causmg a further decrease m activity On the other 
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hand, the natural pH of the epicarp seems always 
to be above 6 and may reach 7, causmg an mcrease m 
oxidative aotivity The pH of the mesocarp may be 
above 7 m very small nuts, but gradually falls 
durmg growth and may be below 5 m f ull grown 
nuts Hence, when dissectmg walnut finute for 
vitamm C assay, particular care should be taken 
with the epicarp and mesocarp If these tissues are 
dismtegrated, oxidizmg enzymes may destroy half 
the vitamm and apparent vitamm C withm a few 
mmutes By avoidmg prolonged exposure of cut 
surfaces to air, and by dividmg the tissues mto not 
too small pieces, which were dropped immediately 
mto HPO3 solution, the losses due to oxidizmg 
enzymes are beheved to be reduced to a small pro- 
portion of the total error Green tissues outside the 
nuts, such as frmt stalk, stem, leaves and buds, 
appear usually to be neutral and to contam con 
siderable amounts of the oxidizmg enzymes, and 
siipilar precautions are necessary 

Whole fruits (nuts) 

Table 1 summarizes our results on nearly 100 d 
regia nuts, most of which came from the mam tree at 
Kew They show that the average concentration of 
vitamm C m very young nuts (0 6-1 0 g ) was 
600-1000 mg /lOO g As the nuts grew, this con- 
centration at first rapidly mcreased, bemg dou^iled 
wit hm a fortmght, and reached a peak of about 
2000 mg /1 00 g when' the nuts weighed 2-3 g In 
the Kew samples this peak occurred m 1944 towards 
the end of June and m 1 946 about a fortmght earher 
In 1946 maturation was later than m 1945, the 
average concentration on 18 June bemg less than 
on 30 May m 1 946 After the peak concentration was 
reached the nuts contmued to grow rapidly, but the 
vita min concentration gradually diminished, bemg 
only a half lo two thirds of the peak concentration 
when the nuts were frilly grown Hence the total 
amount of vita min C m a given nut mcreased more 
and more slowly durmg the later stages of matura- 
tion, and usually reached its maximum before the 
nuts were frilly grown It then remamed fairly con 
stant for several weeks, until formation of the woody 
shell began, when it feU rapidly These findmgs on the 
mam Kew samples were confirmed by results on nuts 
taken from other trees m 1943-6 

Different tissues in the nuts 

These were obtamed from nuts belongmg to the 
same samples that provided the data on whole nuts 
summarized m Table 1 In the smallest nuts it was 
not possible to separate epicarp completely from 
mesocarp The figures for these two tissues m the 
first two or threekamples are, therefore, less accurate 
than those for later samples m the season (Table 2) 
In larger nuts, where differentiation between epicarp 
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Table 1 Seasonal changes in vUamtn O concentration in walnuts 

(Nats m eamples 1, 2, 26 and 46 were too small to be exammed mdividually and therefore were pooled 
taken immediately before examination do not differ by more than 1 or 2 % from weights aa taken from 
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Weights of nnts 
tree ) 





Average 








wt of 


Vitamm C (mg /lOO g ) 


Vitamm C 

imple 

Date 

No of 

nuts 

/ 

A 

\ 

(mg /nut. 

no 

gathered 

nuts 

(g) 

Individual nuts 

Mean 

mean) 




(a) From 

mam tree 



1 

7 June 1944 

0 

1 


Pooled 

— 

6 

2 

13 „ 

10 

1 


Pooled 

— 

10 

3 

21 „ 

3 

3 

2080 

1976 1932 

1991 

60 

4 

26 „ 

4 

36 

2060 

1940 1920 2090 

2000 

72 

6 

4 July 

3 

10 

2066 

2046 1916 

2010 

201 

6 

12 „ 

4 

20 3 

1460 

1616 1676 1690 

1610 

327 

7 

18 „ 

4 

17 6 

1496 

1676 1390 1630 

1600 

262 

8 

26 „ 

4 

22 6 

1663 

1336 1406 1663 

1467 

332 

9 

1 Aug 

3 

249 

1165 

1180 1296 

1210 

301* 

10 

9 „ 

2 

32 1 

1116 

836 

976 

313* 

11 

22 

2 

21 7 

1160 

1280 

1215 

264 

25 

17 hlay 1946 

8 

03 


Pooled 

928 

3 

28 

30 „ 

3 

06 

1273 

999 931 

1068 

6 

27 

6 June 

2 

1 76 

1848 

1789 

1819 

' 32 

28 

12 „ > 

3 

28 

1836 

2193 1983 

2004 

66 

29 

19 „ 

' 3 

4 1 

2074 

1799 1677 

1617 

62 

30 

26 „ 

3 

14 0 

1490 

1442 1468 

1467 

205 

31 

10 July 

3 

26 2 

1007 

1367 1042 

1136 

286 

32 

23 „ 

3 

29 7 

999 

1022 972 

998 

297 

33 

8 Aug 

3 

32 0 

905 

1266 882 

1014 

329 

46 

18 June 1946 

13 

03 


Pooled 

699 

2 




(&) From other trees 



21:2 

29 June 1944 

3 

10 6 

2035 

2026 2060 

2036 

216 

213 

i6 June 1946 

6 

18 6 

2037 

1770 1732 

1849 

349 





1938 

1934 1683 






* Excluding woody portion 




Table 2 Seasonal distribution of vUarmn 0 in 

different tissues of walnut fruits 



(The number of nuts m each sample and date of collection are given m Table 1 The foUowmg figures are the sample 
avomges ) / 

Vitamin 0 (mg /lOO g ) m 


Sample 

no 

1 

2 

3 

4 
6 
0 

7 

8 
9 

10 

11 

20 

27 

28 

29 

30 

31 

32 

33 

34 
211 

kS 


Truit stalk 
269 


270 

236 


00 

220 

273 

330 

189 

272 

240 

134 

207 

310 

205 


Epicarp 

26 

360 

791 

940 

985 

1326 

1000 

1076 

980 

963 

1160 

342 

782 

918 

992 

1002 

921 

013 

408 

808 

1170 

1195 

1410 


Mesocarp 


816 

1000 

740 

660 

740 

760 

745 

1170 

1290 

1202 

986 

931 

916 

784 

706 

647 

867 

880 

1085 

1203 


Endooarp 

951 

1644 

3040 

2980 

2856 

2265 

2165 

2280 

2120 * 

2220 * 

3160* 

1632 

2641 

2866 

3083 

2406 

1991 

1800 

1728 

3002 
3140 
2678 


Testa 


65 
76 

66 
65 
71 
33 


Endosperm 


10 

9 

20 

21 

13 

22 

21 


63t 

31t 


140t 


1790^and\rio1^'',^cUvoV^ eicludmg wood If wood is moluded. average results for samples 9 and 10 . 

t These results were obtained on whole kernel, mcludmg both tesU and endosperm 
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andmesocarp was more complete, the concentration 
of vitamm C m the epicarp was sometimes but not 
always higher than m the mesocarp The peak con- 
centration was generally reached at a later date m 
the epicarp thtin m the mesocarp or endocarp The 
concentration m the endocarp was always much 
higher than m other tissues, but fell rapidly when 
hgnific4tion of the shell began It seemed possible 
that, durmg the dissection of the epicarp and meso- 
carp, a loss of vitamm C occurred which might explam 
why the concentration of this vitamm m these two 
tissues was so much lower than m the endocarp We, 
therefore, compared the sum of the results on the 
different tissues m a number of dissected nuts with 
those on whole nuts from the same samples (Table 3) 
AUowmg for the weights of the different tissues, the 
results on the dissected nuts were very similar to 
those on the correspondmg whole nuts, riingmg from 
84 to 119 and averagmg 99 % of latter m 16 nuts 
from five samples We, therefore, felt satisfied that 
our findmgs were not bemg affected seriously by loss 
of vita min C durmg dissection The kernels alwa3rB 
contamed very httle vitamm C, but the concen 
tration m the testa was always higher than m the 
endosperm, when separation of these two tissues was 
effected These findmgs on the mam Kew samples 
m 1944 and 1946, confirmed by results on other 
samples m 1943-6, made it difficult to assume that 
the large amount of vitamm C m the endocarp had 
come entirely, or even mainly, from the epicarp and 
mesocarp where the concentration was always much 
lower We, therefore, considered as another possi 
bfiity translocation of the vitamm from the leaves 
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Table 3 Loss of vitamm O durmg dissection 
of walnuts 

(o) Dissection of nut 31/3 


Vitamin G 



f i 

Wt of tissue 

Conon 

S 

Content 


(g) 

(mg /lOO g ) 

(mg) 

Epicarp 

2 23 

921 

20 5 

Mesocarp 

16 87 

784 

132 2 

Endocarp 

7 10 

1991 

1414 

Kernel 

2 64 

0 60 

1 3 

Total 

28 84 


295 4 


Average vitamm C concentration = 1007 mg /lOO g 


(6) Vitamm C concentration (mg /lOO g ) 

In whole nut 31/1 1367 

In whole nut 31/2 1042 

Mean 1200 

In dissected nut 31/3 , 1007 

In dissected as percentage of "whole nuts 84 

Percentage assumed loss durmg dissection 16 

which scarcely exceeds samplmg error 

Leaves 

In whole leaflets from the mam Kew tree the 
average concentration of vitamm C was found to be 
highest m the earher part of the season (l^ay and 
June) £md to fall from apeak of aboutlOOOmg /lOO g 
to less than half this concentration as the season 
progressed (Table 4) These leaflets were on the same 
shoots as, and therefore adjomed, the nuts of the 
correspondmg samples m Tables 1 and 2 Bemg 
nearest to the nuts, they formed the most hkely 


Table 4 Vitamin O m vxilnut leaves and steins 


r 


Sample 

no 

Date 

gathered 

Whole 

leaflets 

Mesophyll 

4 

26 June 1944 

866 

— 

9 

11 

1 Aug 

22 „ 

440 

700 

25 , 

17 May 1946 

876 

930 

26 

27 

30 „ 

' 6 June 

908 

838 

1039 

070 

28 

12 „ 

1037 

1137 

29 

19 „ 

766 

768 

30 

31 

‘>0 

10 Jiliy 

698 

7J7 

869 

878 

32 

23 „ 

653 

668 

33 

8 Aug 

630 

716 

34 

11 Sept 

603 

620 

36 

2 Oct 

319 


36 

37 

38 

8 „ 

15 „ ' 

X 22 „ 

741 

388 

371 

631 

308 

278 

43 

16 Apr 1946 

227 

— 

44 

29 , 

230 

— 

46 

18 June 

814 

853 

46 

1 July 

1048 

1161 


Vitamm C (mg /lOO g ) m 





Mam stem 

Vascular 



cortex and 

tissue 

Rachis 

Petiole 

phloem 



60 



240 

— 

120 

— 

663 

468 

308 

363 V 

667 

391 

170 

163 

630 

447 

264 

192 

756 

383 

339 

305 

477 

293 

161 

64 

287 

239 

90 

102 

483 

276 

176 

112 

260 

202 

104 

636 

231 

171 

106 

239 

160 

171 

40 

708 


166 

46 

336 

340 

322 

266 

217 

179 

38 

60 

276 

70 

124 

81 

272 


■ 

— 

83 


530 

438 

122 

760 

476 

446 

236 

804 

460 

360 

246 
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source of any vitamm C passing mto the latter from 
the leaves The vreight of each leaflet mcreased 
rapidly durmg the first few weeks after unfolding of 
the bud, hut had hecome fairly constant by the 
beginning of June The amount of vitanun C m each 
le^et reached a maxunum of about 10 mg m June 
or July and then fell gradually The total amount of 
vitemin C m the leaves examined after this date was 
perhaps 6-10 % of the amount m the nuts home on 
the corresponding shoots Bxarmnation of different 
leaflets on a leaf showed no marked variation m 
vitamm C concentration, the lowest concentration 
bemg usually not more than 10 % below the highest 
concentration In our dissection of leaflets differ 
entiation of mesophyU from vascular tissue, though 
necessarily moomplete, was sufBeiehtly efficient to 
reveal marked differences between the vitamin C 
concentrations m the two tissues , that in the meso 
phyll always bemg much higher The peak concen- 
tration m the mesophyU comcided with that m the 
whole leaflet To test for any loss of vitamm C during 
dissection of the leaflets we compared m a number of 
leaflets the sum of the results obtamed on the dis 
seoted mesophyU and vascular tissue of the leaflet 
with the concentration of vitamm 0 found m the 
oorrespondmg whole leaflet on the opposite side of 
^the leaf Allowmg for the wei^ts of the dissected 
tissues, there was good agreement between the dis 
seoted and whole leaflets tliroughout the penod when 
nuts were on the trees, the weighted mean concen 
tration m the dissected leaflets rangmg from 87 to 
110, and averagmg 97 % of the concentration m the 
correspondmg whole leaflets m 12 samples collected 
from May to September In three samples of older 
leaves collected on 9, 16 and 22 October the per 
centages fell to 76, 71 and 69 respectively, probably 
because the oxidizing enzymes were hherated more 
readily from the senescent cells However, for the 
penod when nuts were on the tree we felt satisfied 
that our findmgs were not bemg senously affected by 
loss pf vitamm C durmg dissection 
Wlien Btudymg the possible translocation of 
vitamm C from the mesopTiyll of the leaf to other 
parts of the walnut tree we determmed its concen 
tration m the rochis and petiole through wluch it 
would have to pass en route to the stem Data from 
17 samples summarized m Table 4 show that there 
IS alwaj’B a fall m concentration m passing from the 
\ oscular tissue of the leaflets tluough the rachis to 
the petiole Separation of the cortex and phloem 
of the petiole by dissection from the xylem and pitli 
showed that the concentration of vitamm C m the 
outer tissues was tliroo to four times that m the inner, 
whereas the proportions by weight were approxi 
match equal The concentration m the enter tissues 
was tbereforo, at least twice that m the rachis or 
petiole Tins distribution suggests that the -^ntamm 
IB translocated mnmh , if not entirelv, m the phloem 
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It was not possible to separate the phloem com 
pletely from other tissues for a vitamm C deter- 
mmation, but an estimate of the amount of phloem 
present from transverse sections suggests that the 
concentration m the phloem is probably not less 
than three tunes that reported for the whole rachis 
and petiole m Table 4 

It should be stated that mvanably our results on 
the mesophyU and vasoular tissue of the leaf, the 
rachis, petiole and the cortex and phloem of the 
stem were obtamed on samples taken firom adjoining 
parts of the same shoot 

Stem 

The outer tissues, cortex and phloem were usually 
separated from the xylem and pith The concen- 
tration of vitamm C m the former was found to be 
three to four tunes that m the xylem and pith and 
the results from 18 samples are mcluded m Table 4 
These were aU obtamed from stems of the current 
year’s growth (c Y G ) to which the leaves analyzed 
were attached In order, however, to obtam a more 
complete picture of the distribution of vitamm C m 
different parts of the stem, we extended our obser- 
vations to other parts of the stem, mcludmg the 
previous or last year’s growth (n y g ) and stiU older 
parts ongmatmg as far back as 1920 Stems were 
also exommed m the wmter when leaves were 
absent The data on 34 samples, coUected betw§en 
August 1944 and October 1946, are summarized m 
Table 6 The wide variations from one sample to 
another are due probably to varymg amounts of 
brittle cortex adhermg to the phloem Exammation 
of the separated phloem m a number of samples low 
m vitamm C (e g nos 21, 22, 26, 27) showed that 
about twice as much vitamm C was present m the 
phloem alone as m the combmed tissues The dis- 
section of cortex from phloem was a tedious pro 
cedure needmg 2 or 3 hr to obtam a sufficient 
quantity for an assay, and tune was not always 
available to prepare repheates from aU the samples 
Howe\’er, our data suggest that the concentration 
of vitamm C m the phloem of stems of the current 
year is usually above 200 mg /lOO g and may reach 
a peak between 600 and 1000 mg /lOO g The con- 
centration m the phloem of older stems is usually 
lower than in that of the current year 

Buds and catLins 

The difference m vitamm C concentration between 
the lateral and terminal buds of vegetative shoots m 
any one sample was found to be smaller than that 
between either lateral or temunal buds of successii e 
samples Durmg the autumn and wmter when the 
buds were very small we therefore economized 
material by poolmg lateral and tenmnal buds, the 
results being quoted as for vegetative buds m 
Table 6 There was likewise no significant difference 
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Table 6 Seasotial distnbution of vitamin C in buds, catkins and stem 

(Older stem sample soorresponded to growth m previous years back to 1920 ‘Reproductive buds’ were termmal buds 
on reproductive shoots, which might produce female flowers 0 y o =ourrent year’s growth, l y o =last year’s growth ) 


Sample 

no 


Date 

gathered 


Vitamm C (mg /lOO g ) m 


Stem (cortex and phloem) 

X 


0 1 G 


L y o 


Older 


Buds 


Veg 


Beprod 


Male 

catkins 


12 

29 Aug 1944 

136 

13 

4 Sept 

— 

14 

11 

— 

16 

10 Oct ' 

160 

16 

14 Nov 

216 

17 

20 „ 

160 

18 

27 „ 

170 


— 

— 

270 

169 

20 

40 

36 

106 

— 

174 

109 

66 

270 

200 

130 

210 

— 

80 

90 

100 

"180 


19 

8 Jan 1946 

499 

147 

— 

163 

— 

20 

21 „ 

222 

177 

178, 98 

401 

266 

21 

28 Feb 

113 

298 

328 , 

199 

511 

22 

13 Mar 

186 

130 

170 

61 

166 

23 

4 Apr 

168 

— 

— 

316 

232 

24 

13 „ 

— 

— 

— 

— 

— 

26 

17 May 

363 

379 

— 

600 

946* 

26 

30 „ 

163 

188 

— 

617 

1068* 

27 

6 June 

- 192 

163 

112, 93 

389 

— 

28 

12 „ 

306 

119 

108 

607 

— 

29 

19 „ 

64 

61 

69 

293 

— 

30 

26 .. 

\ 102 

63 

— 

194 

— 

31 

10 July 

112 

93 . 

— 

231 

— 

32 

23 „ 

636 

267 

— 

203 

— 

33 

8 Aug 

239 

173 

80, 63 

287 

— 

34 

11 Sept 

708 

84 

99 

— 

36 

2 Oct 

336 

260 

378, 226 

63 

54 




70. 141 



36 

37 

9 „ 

15 „ 

217 

276 

240 

217 

176 

197 ' 

406 


38 

-22 „ 

272 

278 

— 

492 

— 

39 

31 „ 

260 

216 

— 

396 

— 

40 


327 

184 

— 

226 

— 

41 

16 Jan 1946 

202 

160 

— 

160 

— 

B 

42 

43 

21 Mar 

2 Apr 

16 „ 

240 

120 

83 

70 

69 

— 

236 

169 

214 

44 

29 „ 

122 

40 

— 

— 


46 

18 Jane 

235 

199 

— 



46 

1 July 

246 

364 

— 

1042 


47 

48 

23 Sept 

24 Oct 

86 

139 

192 

338 

— 


* Results obtained on female catkins 


460 

603 

169 

606 

133 

61 




367 

873 

1001 

826 

207 

403 

626 

220 

364 

116 

100 

64 


642 

420 


between the lateral and terminal buds of reproductive 
shoots during the autumn and wmter, when the 
concentrations were similar to those m the buds 
from the vegetative shoots, 1 e 226 and 211 mg / 
1 00 g respectively In the spring there were marked 
mcreases m vitamm C concentration m both types 
of bud shortly before they opened After this the 
concentration fell to an average of about 200 mg / 
100 g m the unopened vegetative buds In the 
autumn when reproductive buds were agam aiiaU- 
able the vitamm C concentration m both kmds of 
buds had fallen to a stdl lower level 

Male catkm buds, on account of then shape, were 
much easier to distmgmsh than female reproductive 
' buds Data on them were obtamed for 12 samples 


gathered at regular mtervals between 1 1 September 
1946 and 29 Apnl 1946 (Table 6), and show rather 
wide fluctuations m vitamm C concentration How- 
ever, the vitamm C content per catlpn was found to 
be more uniform From August imtil the end of the 
year the weight of the catkms remamed fauly con 
stant at 60-70 mg and the vitamm C content was 
usuaUy fess than 0 1 mg Early m the followmg 
year the catkm buds grew rapidly until by March 
or April they weighed 0 6-L 0 g and then vitamm C 
content mcreased up to 1 0 mg Soon afterwards 
the catkms shed their pollen and feU off When 
catkm buds next appeared m the autilmn, their 
content of vitamm C was at the mitial low level of 
about 0 1 g 
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DISCUSSION 

When unnpe walnuts were found to contam remark 
ably high concentrations of vitamm C, its ongm and 
functions m the plant became of mterest In view of 
much evidence that m other finnts the vitamm C 
content is influenced by the degree of exposure to 
sunhght, it seemed likely that the source of the 
vitamm might be green tissues, such as the epicarp 
of the fhnt or the leaf mesophyU where photo 
synthesis is most active If the vitamm is synthe 
sized m the epicarp, and translocated to the endocarp 
it would have to move against a steep concentration 
gradient Such a movement could not take place by 
simple diffusion, but is not impossible where acti 
vities of hvmg ceUs are mvolved (Stiles, 1936) In 
order to establish a gradient favourable to direct 
diffusion from epicarp to endocarp it would be 
necessary to show that the vitamm was confined to 
particular cells or regions of the epicarp which m 
some instances would have to contribute leas than 
a quarter of the total weight of the tissue Although 
no chermcal evidence was obtamed on tins pomt, 
a segregation of morphologically similar cells mto 
a tissue meshwork was observed m sections m which 
certam cells became brown on exposure, probably by 
the oxidation of juglone derivatives, wlule adjacent 
cells remamed unstamed for some time Such a 
segregation of materials m the outer tissues of the 
fruit 18 rendered less unhkely by the existence of 
considerable differences m vitamm C concentration 
m the mesocarp and endocarp, the hmiting cell layers 
of which must be extremely effective barriers to the 
reverse movement of the vitamm m order that the 
concentration may be mamtamed m the endocarp 
This may have an evolutionary background m that 
the green husk of the walnut is not a true mesocarp, 
but arose by the fusion of several bracts with the true 
fruit represented by the endocarp and its contents 
The presence of such boimdary layers renders it 
probable that translocation from epicarp and meso 
carp takes place through their vascular tissues to the 
base of the fruit and thence up mto the endocarp 
As it was not possible to establish the existence 
withm the frmt of a gradient of vitamm C favourable 
to the translocation and accumulation of the mtamm 
in the endocarp, other parts of the plant were con 
Biderod Concentrations of o\er 1000 mg (100 g were 
foimd m the leaf mesophvll m Mav and June, while 
the concentration m the midrib and lateral ner\*e3 
Masgoneralh about 40% of that m the mesophyU As 
tho mesophv 11 contamed a meshy ork of small nen es 
it IS probable that tho actual concentration m the 
green assnnilatorv colls was well o\-cr lOOOrag /lOOg 
throughout tho period from Jlav to August, but 
ma\ ha\ e fallen below this le\ cl in September and 
October 1 here w ns alw n\’s a clear gradient from tho 
mosophill to midrib and through tho rachis as far 


as the base of the petiole Beyond this pomt 
vitamm C m course of translocation from the leaf 
would have to pass through a zone of stem with a 
higher concentration m the cortex and phloem, and 
then through a zone usuaUy of a stiU lugher concen- 
tration m the peduncle of the frmt, before it could 
reach the endocarp The low concentration m the 
xylem and pith of the stem renders it unhkely that 
translocation takes place through the wood, and 
mdicates the phloem as the only possible tissue for 
this function The dissection of the frmt stalk mto 
cortex, phloem and xylem plus pith enabled us to 
show that the highest concentration of vitamm C 
was m the cortex, where it was about twice that m 
the frmt stalk as a whole, probably on account of 
the photos5mth6tic activity of the green parts The 
concentration m the phloem as dissected was about 
equal to that m the whole stalk The possibihty of 
greater concentrations m the sieve tubes and com 
pamon cells of the phloem was considered, smee 
movement of the translocate may be confined to 
them Estimates of the area of true phloem con- 
sistmg of sieve tubes, compamon cells and phloem 
parenchyma were made from sections of the racliis, 
petiole, stem and frmt peduncle Assuming the bulk 
of the vitamm C to be concentrated m these cells, 
and applymg a factor to the observed data the- 
irregulanties m the gradient from leaf to endocarp 
were somewhat reduced Only if compamon cells 
alone are considered, and the assumption made that 
the bulk of the vitamm present m the phloem is 
confined m these slender cells, would the anatomical 
evidence be favourable to a positive translocation 
gradient from the leaf mesophyU to the endocarp of 
the frmt In the absence of a method for isolatmg 
the compamon cells it was not possible to confirm 
this theory Thus with the available data we are 
unable to demonstrate that the vitamm C m the 
endocarp comes mainly either from the epicarp or 
the mesophyU 

An alternative hypothesis, that vitamm C is trans 
located as a precursor or other form of compound 
which pan yield ascorbic acid after it reaches the 
endocarp, wiU be considered m a later paper In tins 
connexion it is mterestmg to note that, m contrast 
with many other frmts, the pH of many walnut 
tissues, both from the frmt and from other parts of 
the plant, is slightly alkalme Only in the endocarp is 
the usual acidity' sufficient to improve the stability' 
of vitamm C, whilst the concentration of ascorbic 
acid oxidase is much lower than m other walnut 
tissues Tims any such precursor of vutamm C may 
be expected to differ from ascorbic acid m bemg 
resistant to tho action of ascorbic acid oxidase and 
being stable m neutral solution (pH 6-8) 

The function of vitamm C m plants is often stated 
to be concerned with growth Its occurrence m 
higher concentration m young activdy growmg 



692 


F WOKES AND R MELVILLE 


shoots sijqjports this hypothesis Our data have 
sho-wn that the vitamm C concentration in the 
vegetative buds increased markedly just before 
openmg, the peak occurrmg m very young leaves 
In the reproductive buds and cat kins there was a 
similar mcrease just before rapid growth began In 
the phloem of the stem, adjommg the cambium, 
there was a peak concentration at the tune of active 
growth Schopfer (1943) has suggested that vitamm 
C may also be connected with photosynthesis and 
the production of sugars Our data support this 
suggestion m so far as high concentrations of the 
vitamm were found m the mesophyll and m other 
green tissues (e g cortex of green stems) where 
photosynthesis was most marked However, photo- 
synthesis cannot very well explam the function of 
the vitamm C m the endocarp, where the highest 
concentrations occur Smce these concentrations 
fail rapidly when the woody shell is developmg, and 
smce m a given nut the concentration of vitamm C 
m the woody part is much lower than m the non- 
woody part, we suggest that the vitamm may be 
utilized m the formation of the hgnm This h 3 rpo- 
thesis may also explam the function of the vitamm C 
m the stem The concentration gradient of vitamm 
C m the stem declmes towards the roots In the large 
trees yielding our mam sample we could only follow 
tins gradient 2 or 3 ft down the shoots mto the mam 
stem By ex aminin g a saphng about 4 ft high we 
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were able to establish the complete gradient from 
the buds down to the finest roots (Table 6) 

Table 6 Ooncentratwn gradient of vitamin O in 
walnut sapling examined March 1946 

( 0 1 . a denotes current year’s growth, l r o , last 
year’s growth ) 

Vitamin C 
(mg /lOO g ) 

Buds 268 

Stem cortex and phloem 0 t o 262 

LTa 183 

Boots ■- 140 

Fme roots 94 

SUMMARY 

1 Studies on samples of different tissues col- 
lected durmg three seasons from Juglans regia trees 
growing m several districts round London showed, 
m the endocarp, remarkably high concentrations of 
vitamm C, which may be used m hgnification This 
vitamm C probably ongmates mamly m photo 
synthetic centres m the leaves 

2 Exammation of the mtervenmg tissues showed 
that physiological conditions (acidity, concentration' 
of enzymes and of vitamm C) mihtate against trhiis 
location of vitamin C as such from leaf to nut The 
experimental findmgs favour an alternative hypo 
thesis, which will be considered later 
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THE SEDIMENTATION CONSTANT 


’The values of sedimentation constants which appear 
m the bterature show more variation than one wOuld 
expect to obtam from measurements made on well 
defined substances by an accurate ph 3 mical method 
Measurements made m Oxford on several proteins 
which are behoved to be defimte and homogeneous 
have always given values lower than those obtamed 


elsewhere (Table 1), correction of these values for 
errors described m the present work would further 
mcrease these discrepancies The large difference 
between the values for the sedimentation constant 
of msuhn of Gutfi^und & Ogston (1946) and of 
IMiUer & Andersson (1942) finaUy led us to mvestigate 
the errors of our Svedberg ultracentnfuge 
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Table 1 Oompanson of aediTnentcUton constants from various sources 


Substance 

Author 

Conen 
(g /lOO mb) 

Sto (corr ) 
xlQi’ 

Horse serum, albumin (crystallized. 

Kekwiok (1938) (Uppsala) 

— 

448 

carbohydrate free) 

(Oxford, unpublished) 

1 

4 31 

Ovalbnmm 

Svedberg & Pedersen (1940) 

06 

3 65 


(Oxford, unpublished) 

1 

34 

Insuhn - 

Miller & Andersson (1942) 

0 

3 65 


Gutfieund & Ogston (1946) 

0-1 

334 

Laotoglobulm 

Pedersen (1936) 

0-1 

312 

Johnston & Ogston (1946) 

1 

2 83 


This work 

0 

283 


Provided that seduneritation is undisturbed by 
mechanical vibration or by thermal convection, the 
accuracy with which a sedimentation constant can 
be detemuned should be limi ted only by the 
accuracy of the measurement of the following 
quantities (1) the positions of the sedimentation 
boundary at stated times, relative to the meniscus 
and to the centre of rotation, (2) the speed of 
rotation , ( 3) the state of the solution with respect to 
composition and temperature 

Smce no substance is avadable whose sedimen- 
tation constant is certainly known, it was necessary 
to teat for sources of maccuracy piecemeal Lacto- 
globuhn was used as a working substance, smce it 
appears to be one of the best defined and most stable 
proteins 

The accuracy of the measurement of the positions 
of the boundary and of the speed of rotation wore 
easily checked, the chemical composition of the 
solution was a matter of ordinary techmque, the 
question of ceU temperature proved more complex, 
and, before attemptmg to measure it, we had to 
oxamme the factors which may affect it 


Calculation of the sedimentation constant 

The traditional method of calculation is to obtam 
an estimate of the ‘uncorrected’ sedimentation con- 
stant from the movement of the boundary durmg 
each of a succession of mtervals, S.^ is the rate of 
movement, reduced to umt gra-vutational field and 
corrected for the effect of temperature on the 
viscositj of the soil ent The effects of t-emperature 
on the density of the soh ent, and of the buffer salts 
on its densitj’’ and\Tsco3itj% do not \ ary appreciably 
during the course of a run and are, therefore, applied 
as corrections to the moan i-aluo S^, to giio Sj, 
(corr ) , this is the rate of mo\ ement m water at 20” 
under imit grn\utational field 

Tins procedure of a\ eragmg the estimates of 
obtained m siiccessn e interv als does not, howei er, 
mol e nearh full statistical use of the data ai nilable 
A method wis therefore donsed which does so 
Bioclicm la^s, 43 


The value of /Sjo from a given mterval is given by 




( 1 ) 


where Aa: is the distance moved durmg tune At, 
Tjfl, ijjo are the viscosities of water at 9° and 20°, A is 
the distance of the mdex from the centre of rotation , 
1 the mean distance of the meniscus from the mdex 
and X the mean distance of the boundary from the 
meniscus, so that (A — is the mean distance of 
the boundary from the centre of rotation during that 
mterval, co is the mean angular speed of rotation 
Smce Sto is appreciably constant, and smce an error 
of® contributes only a very small prop ortionate error 
to (A — I+x), equation (1) may be rearranged and 
mtegrated, without sensible error, to a hnear 
equation m ® 

x=S (A®) = <S'io S [J^t-q^lrig (A— J-b®) o)*] 

= S^S(Mf) (2) 


iSjo IB then the slope of a plot of x agamst S (hi') and 
its value, with its standard denation, may he 
calculated by the standard method of obtaining 
hnear regression coefficients Corrections for the 
effects of temperature on density and of the buffer, 
salts are then apphed as usual 

Usmg tills method, good hnear plots were obtamed 
(Fig 1), the standard deviation of the estunate of 
iSjo seldom exceeded 0 6 % (Table 2) 


EXPERESIENTAL 

Optical system and measurement 

The optical system was the onginal Philpot (1938) diagonal 
Echheren svEtem, modified by replacmg the fused sihca 
windows of the rotor casing and the compound quartz 
fluonte lenses by a pair of simple glass lenses A consider- 
able improvement of defimtion resulted from this replace 
ment The source of bght was a 250 V7 ilazda box type 
mcrcurv lamp used with a monochromator, this reduced 
exposures tenfold compared with them previously required, 
and caused a further sharperung of the image, smce the 
boundary did not now move an appreciable distance durmg 
an exposure (4-10 see ) 
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The magmficatioii of the sphencal (Bohheren) lens was 
measnied over the 'whole £eld by photographing a finely 
ruled scale or its projected image, "with the rotor first static 
and then r unnin g m the evacuated casing, the same value 
■was obtamed in each case, constant to 0 1 % over the field. 



1 Plot of a ran by equation (2) Ordinate S (Ax) m 
cm measured on the photographic record, abscissa 
8 (At') in cm measured on the photographic record 
X ICt’^/bbc 


Measurement of the plates was made by means of a 
traveUmg rmoroscope readmg correct to 0 001 cm The 
position of the boundary was taken as the mammum of the 
‘peak’ in the diagonal schheren diagram, and was 
obtamed to 0 005 cm or less, according to the thickness 
of the boundary 

The distance of the mdex bole m the balance ceU from the 
centre /of rotation was measured to 0 06% 


T?ie speed of rotation 

The Hartmann Kempf reed firequenoy meter, for measur 
mg the fiiequenoy of the altematmg current generated by 
the rotor, "was supplemented with a fiequenoy bridge 
designed and built for ns by Mr R P MartmandMrP A 
Davenport, of the Clarendon Laboratory (to be published) 
This enables the speed to be measured to 0 1 % m 4 fre 
quency ranges, 300±6, 460 ±6, 700 ±10 and 1000 ±10 revs / 
sec The bridge reads contmuously -within these ranges, so 
that control of speed drift is made easy The bndge was 
cahbrated at mtervals against a crystal clock Dunng a 
run, the speed was kept constant ■withm ±6 re'vs /sec and 
rarely changed hy more than 2 re’vs /sec durmg any 
10 mm mterval between photographs All alterations of 
the -turbrne od pressure were made at the beginnings of 
mtervals, so that the drift of speed durmg any mterval -was 
nearly constant The use of the bndge effected a noticeable 
reduction of the standard deviation of iSjo, compared ■with 
estimates from runs m which the speed -was measuredby the 
Hartmann Kempf meter 


The cell temperature 

The rotor runs, on plam journal bearmgs, m a oasmg 
which contains hydrogen at low pressure Heat is generated 
m the bearmgs and by friction with the hydrogen, it is lost 
to the cooled turbrne oil and to the casmg, the casmg loses 
heat to the turbrne od and to the surroundmg air The 
temperature of the rotor, and thence of the ceU contents, is 
thus controUed by several feotors, it is measured by means 
of a thermocouple whose junction has a clearance of 
0 026 cm on the rotor surface Svedberg & Pedersen (1940) 
state that this thermocouple reads the cell temperature 
■witbm 0 6° However, a change m the pressure of turbrne 
od, or of the pressure of hydrogen, causes so rapid a change 
m the readmg of the thermocouple as to make it unhkely 
that this corresponds directly -with a change of temperature 
of the whole mass of the rotor It seems likely, on the 
contrary, that the temperature of the thermocouple, al 
though controlled by the same factors as control that of the 
rotor, IS not simply related to it 

Smce it would be labonous to oahbrate the thermocouple 
m terms of oeU temperature, for variation of all possible 
factors, out aim was to find standard conditions which 
could be easily reproduced and then to cahbrate under these 
conditions A senes of runs was, therefore, earned out, 
usmg a solution of lactoglobulm (1 g /lOO ml ) m buffer 
(0 1 M NaCl, 0 1 M Na acetate, 0 04 m acetic acid), to test the 
effects of varying conditions on the apparent sedimentation 
constant The results were as foUo-ws (Table 2) 

(а) In our former procedure, the cold water which cools 
the turbrne od was turned on at the begmnmg of the run 
the temperature of the rotor thermocouple rose rapidly 
durmg speedmg up and then, when full speed was reached, 
drifted upwards steaddy for several hours (0 1-0 3°/10 mm ) 
When the coohng water was not turned on untd fnU speed 
had nearly been reached (20—26 mm after startmg), the 
temperature rose more rapidly at first, but reached a steady 
value -withm 60-CO mm after startmg (30 mm after full 
speed), thereafter it did not change by more than 0 2° The 
apparent sedimentation constants obtained by the latter 
procedure were significantly lower (by 1—2 %) than by the 
former (Table 2) The new procedure was adopted as 
standard 

(б) For some years we have used 6 mm pressure of 
hydrogen m the casmg, instead of the 20 mm recommended 
by Svedberg & Pedersen (1940), because Phdpot (personal 
oommumoation) had observed that there was less nsk of 
thermal convection at the lower pressure m experiments 
usmg acetone as solvent The quick effect of a change o 
hydrogen pressure on the thermocouple readmg led us to 
test the effect of hydrogen pressure on sedimentation con 
stant This was found to be considerable, higher -values 
bemg obtamed at pressures less than 10 mm (Fig 2 and 
Table 2) No sig^oant ehange acoompamed a further 
raismg of the pressure to 20 mm , we, therefore, adopted 
10-12 mm as standard 

(c) Other venations did not appear to exert any consider 
able effect The average speed of rotation was always within 
a few cycles of 1000 rev /sec , the room temperature ^ed 
between 19 and 22° m vanous runs, but there ap^d te 
be no correlation between this and the apparent sediments 
tion constant, the degree of fillmg of the ceU, the Pre^enre 
or absence of a layer of paraffin (hdded cells were used) and 
the cell thickness did not affect the result 
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Tnblo 2 under various condtitons by equation (2) 




Conditions 

— 


Apparent 

True 


t 

H. pressure 

Rotor 

Paraffin 

CcU 

(corr ) 

(corr ) 

Bun 

(mm ) 

temp 

present 

(mm ) 

X 10” 

X 10” 




Espenments under standard conditions 


563 

10 

Steidi 

Ko 

12 

2 376 

2 313 

571 

10 



12 

2 366 

2 303 

559 

10 



12 

2 899 

2 835 

572 

10 



12 

2 354 

2 791 

57-i 

10 



12 

2 853 

2 795 

663 

10 



3 

2 363 

2 800 

532 

IS 



12 

2 873 

2 810 

53S 

20 


Yes 

12 

2 371 

2 303 

5S0 

20 

„ 

Xo 

12 

2 391 

2 327 


ilean of (coir ) 2 809 
s D of mean 

Vamtion of conditions 


653 

577 ■■ 

10 

10 

Rismg 

Xo 

tt 

12 

12 

2 934 
2 930 

527 

5 

Steady 

ft 

12 

2 917 

530 

5 


ft 

12 

2 929 

573 

5 


1* 

12 

2 927 

533 

e 1 

Rismg 

ft 

12 

3 042 

536 

1 


Tea 

12 

2 944 

564 

I 

Steady 

No 

12 

2 959 


s D of 
5jo {corr ) 
xlO” 


0 007 
0-006 
0 009 
0 016 
0 012 
0 014 
0 006 
0 003 
0 008 


0 014 


0 009 
0-010 
0 003 
0 011 
0 009 
0 003 
0 016 
0 004 


{d) A number of nms done under these standard condi 
bons (Table 2) shotrs a standard deviation of the estimates 
of Sj, (corr ) of 0-014 or 0 5%, which is little greater than 
the normal s d of the estimate from a smgle run This mdi 
cates that there is no important cause of random vnnation 
operatmg between runs other than those operating within 
a given run, and thus further confirms the unimportance of 
such factors as mean rotor speed (withm the narrow range 
used), cell filhng and room temperature 



presjurr (mm Ht) 

Tig 2 Apparent (corr ) X lO*’ agamst the pressure of 
hvdiogen m mm of mercurv, open circles, steady tem 
perature, filled circles, iismg temperature 

(c) A cahbration of the reading of the rotor thermocouple 
could now be undertaken First it was shown bv com 
panson with a National Physical Laboratorj- standard 
thermometer, to read its own temperature correct to 0-1' 
17evt calibrabon was earned out by the method giyen by 



Depth solid-liquid menlsais (mm ) 


Fig 3 Kecord of a melhng pomt run Open circles repre- 
sent values obtamed during upward drift of temperature, 
filled circles represent readmgs at thermal steady states 



Fig 4 Record of steady state pomts m two melhng pomt 
runs Abscissa proporhonal to the pressure at the sohd 
liquid meniscus Values obtamed at diflferent thermal 
steady states 
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Svedberg &, Pedersen (1940) Dipheny] ether was five times 
reorystallized and then melted at 26 7-26 9° A Carefhlly 
cleaned 3 mm cell was filled with the melted substance, 
which was allowed to sohdify before insertion of the cell m 
the rotor After fciU speed was attamed, a slow upward drift 
of the rotor temperature was allowed to take place (0 2°/ 
10 mm ) When meltmg had begun, photographic records of 
the positions of the sohd hquid meniscus and readmgs of the 
rotor thermocouple were taken at mtervals In order to 
mutate our standard conditions of thermal steady state, 
three such states, at diflhient temperatures, were attamed 
m the course of two yuns Fig 3 shows the depths of the 
meniscus plotted against the thermocouple readmgs it is 
seen that the pomts obtained durmg a drift of temperature 
he 0 2—0 3° above the hne drawn through the steady state 
pomts Fig 4 shows the thermocouple readmgs for the 
three steady states plotted against numbers proportional 
to the pressures at the sohd hqmd meniscus (the actual 
pressures canSot be given, smce the density of the hqmd 
was not accurately known) , extrapolation to zero pressure 
(effectively equal to 1 atm ) gives 26 8°, 1 0° below the 
mean meltmg pomt (Diphenyl ether removed from the cell 
after these runs showed an unchanged melting pomt ) This 
means that the apparent sedimentation constants obtamed 
under these conditions must be multiphed by 0 978 to give 
the true value 

Lacioglobuhn soltthons ' 

Lactoglobnhn was made from ftesh milk by the method of 
Palmer (1934) It was twice reorystallized and stored as 
crystals m water under toluene in the cold room, reorystal 
hzation was efieoted by dissolvmg the crystals m NaCl 
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solution, removmg any insoluble matenal adjustmg the pH 
to 6 2 by dialysis agamst acetate buSer and dialyzmg 
agamst water Solutions were made by dissolvmg the 
crystals m buffer (OIiiNaCl, OliiNa acetate, OKMii 
acetic acid) and dialyzmg agamst buffer The concentration 
ofprotem was estimated refiactometncally agamst diffosate, 
usmg 0 00180 as the specific refiaotive mcrement, the 
solution was then diluted with difiusate to give a ooncentra 
tion of 1 g protem/100 ml Solutions were kept m the cold 
room and did not change their sedimentation properties 
durmg storage 

DISCUSSION 

This work shows that the Svedberg od turbine ultra- 
centrifuge can give highly repfoducible results pro- 
vided that the conditions of running are careftdly 
controlled, and that proper attention is given to the 
measurement of aU the quantities concerned This 
conclusion may hold good for other types of ultra 
centnfuge The reproducibdity which we claim com- 
pares favourably with other published data 

We belibve, also, that we have controlled all 
important sources of systematic error, and that the 
results which we now quote are accurate to 0 6 % - 
(s u ) Our value of 2 81 x lO"^® for the sedimen- 
tation constant of lactoglobuhn differs considerably 
from Pedersen’s (1936) value of 3 12x10“^^ Further 
discussion of this discrepancy will be left to a later 
paper 


2 ESTIMATION OP THE QUANTITY OF 
A SEDUVEENTHSTG COMPONENT 


Subject to the limitations found by Johnston & 
Ogston (1946), the amount of a sedimenting com- 
ponent, m terms of its refractive mcrement, may be 
estimated by measurmg the etrea of the ‘peak’ of 
the diagonal schheren diagram due to this com- 
ponent Comparison of this with the total refractive 
mcrement of the solution due to protem (measured 
agamst diffusate) gives information about the homo 
geneity of the preparation A deficiency may be due 
to another visible component or to matenal which 
sediments too slowly or too qmckly to be observed, 
or which IS too heterogeneous to form a visible 
boundary A smgle homogeneous component should 
give, by mtegration of the peak, a valu6 equal to the 
total refractive mcrement 

The ■accuracy of measurement of the quantity of 
a component by the ‘scale ’ method of La mm (1934) 
appears to be of the order of 1 to 2 % , that of the 
diagonal schheren method of Philpot (1938) has 
been beheved to be rather lower We have modified 
the method of estimation of Philpot’s method and 
now find its accuracy to be nearly equal to that of 
Lamm 


EXPERIMENTAL 
Optical system 

ModifioationB to the optical system desonbed above have 
unproved the photographio definition The use of a high 
mtenaity mercury lamp as a sonroe of monoohromatio light 
has resulted m a reduction of exposure times by tenfold, as 
a result, the boundary does not move an appreciable fraction 
of its thickness durmg an exposure, and blurrmg of the 
limbs of the ‘peak’ is avoided The hne of demarcation on 
the photographio record (Fig 6) is not quite sharp, but 
shows a narrow region of shading, from black to clear, due 
to difiraction, ho'wever, any hne of constant photographio 
blaokemng is equivalent to the theoretical hne of demaroa 
taon, bemg merely displaced by a constant distance at right 
angles to the oyhndnoal axis of the cyhndncal lens The 
■width of the region of shadmg can be narroived by makmg 
a high contrast prmt fium the ongmal record , we find, how 
over, that this procedure gives no noticeable morease m 
accuracy, except where the region of shadmg is broadened 
by use of the schheren system at high optical sensitivity 
FoUowmg Johnston & Ogston (1946), we have made 
tracmgs on white paper of enlarged projections of the photo 
graphic records, nsmg a hnear magnification of 4 6 A hne 
of constant blackenmg can be traced -without difilonlty 
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Area measurements of scdxmcnlahon diagrams 

The area to be measured is that included bctivecn the 
‘peak’ due to the boundaiy and the base Imo from which 
this anses, base hue is seen both above and below tho 
boundary, if the boundaiy is clear of tho meniscus and tho 
bottom of the cell, and represents umform concentration 
For rough work, the base hne niaj bo sketched in through 
the boundary region, but for acourato work an cvpcn 
mentally determined base lino must be used Tho base lino 
suffers distortion of two kinds 
(o) Curvaturo of tho cell end plates produces a curvatnro 
of the base line (Fig 6) and sedimentation of buffer solutes 
may also produce a distortion It is theroforo necessary to 



Fig 6 Photographic records of boundary and base line 

obtain a base Ime, correspondmg with each record of the 
botmdary whose area it is wished to measure, usmg buffer 
of identical composition and under the same conditions of 
rotor speed, temperature, tune (we have found this umm 
portant with acetate buffer), degree of filling of the cell and 
optical settings 

(6) The base line, obtamed as described m (o), fits the 
botmdary diagram only above tho boundary (Fig 0) This 


is duo to tho different refractive indices of the solution 
below tho boundary in the ovponniental run (where it con 
tains protem) and the base lino run (a here it contains only 
buffer) This difference, smeo the cell end plates are dia 
torted to form a lens, alters the focal length of the optical 
symtem, which causes tho base Imo to change m slope 
Wo have, therefore, used only diagrams m which a con 
sidcrablo length of base Imo is visilile both above and below 
tho boundary, and have fitted the trnomg of the eipen 
mentally dotennmed base Ime to the regions above and 
below tho boundary , givmg them the requisite slopes, and 
allowing intersection of the two parts of base hne to occur 
m tho middle of the boundary (Fig 6) This procedure 
appears to give a fair approximation of the true area 



Fig 6 Traemgs from photographic records (o) botmdary 
tracing, (b) base hne fitted above the boundaiy, (c) base 
hne fitted below the boundary 

The area between the ‘peak’ and the fitted base Ime was 
measured with a planimeter, making five complete oironits 
of the area (P cm •) The planimeter was standardized with 
the radius arm supphed with it, its wheel was always run on 
a standard paper surface The magnification of the enlarger 
(Jf^) wasobtamedbymeasurmgthe memsons mdei distance 
on the plate by a travellmg microscope and on the tracmg 
by a ruler (to 0 6 m 120 mm ) The magnification of the 
sphencal schheren lens (iff,) was measured as already 
described, and that of the cylmdncal lens (iff,) by measuring 
the photograph through it of an accurately made rect- 
angular aperture, the distance (a) from the foousmg lens on 
the rotor oasmg to the diagonal edge (equal to its focal 
length) was measured by ruler (to 0 6 m 133 cm ), the epU 


Table 3 Measurement of boundary diagrams of lactoglohxdxn 

(Lactoglobulm 1 % total refiraotive mcrement 182 x 10"“ Cell thickness 1 219 cm ) 

Time fium reaohmg i 
full speed (min ) edj 

68 
78 
88 
98 
108 
110 
118 


82 

102 

112 

122 

132 


! of schheren 

Estimated refractive 

iV as % 

from vertical) 

mcrement x 10“ (N) 

of total 

25 

184 

101 

26 

173 

96 

26 

184 

102 

30 

181 

100 

30 

182 

101 

35 

173 

96 

35 

176 

98 


Mean 179±(3 n ) 4 9 

(Lactoglobulm 0 526 % total refractive mcrement 9-1 7 x 10-“ ) 


40 

40 

46 

45 

60 


92 

96 
92 
95 

97 


Mean 94 4±(sd)23 


98 4±2 7 


97 

101 

97 

100 

102 


100±2 
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thiokness (6) was measured by jmorometer, the thaokness of 
the quartz plates havmg been meastired before assembly 
The refractive mcrement N is then given by 

, Pcot^i fA-I+xs^ 

M,M^ab V A-I ) ’ 

where ip is the angle of the diagonal edge from the vertical 
The square term allows for the ddution of protem through 
sedimentation m a non uniform field and m a sector 
shaped cell (Svedberg Pedersen, 1940) 

According to 'this procedure, measurements have been 
made of the boundary diagrams obtamed m two of the 
experiments on lactoglobuhn described above The results 
are given m Table 3 

DISCUSSION 

The boundary diagrams obtamed with lactoglobuhn 
are ideal for accurate mtegration, an accuracy of 
about 2 6 % (s D ) was obtamed from measurement 
of a smgle diagram, and greater accuracy is obtam- 
able by takmg the mean value from several diagrams 
of a given run (measurement of six give an accuracy 
of about 1 %) The error wdl bo greater than this m 
the foUowmg cases (1) where the boundary is very 
broad, leavmg too bttle base bne for accurate fittmg, 

(2) where it is very narrow, so that the area to be 
measured is small and the distance moved durmg an 
exposure is an appreciable fi:action of its width, 

(3) where one boundary is mcompletely resolved 
from another, or whore heterogeneous material dis 
torts the apparent base Ime, (4) where the use of 
a high optical sensitivity (with dilute solutions) 
lessens the sharpness of the hne of demarcation m 
the diagram 

In the course of this work it was noticed that, for 
a period, wrong values had been obtamed for the 
quantity of sedimentmg components, tlirough failure 
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to take mto account the fact that the focusmg lens 
then m use on the rotor casing was not placed at its 
focal distance from the diagonal edge A correction 
of 7 % la to he added to the values given m the 
foUowmgpubhcations Ogston (1946), Ogston (1946) 
and Johnston & Ogston (1946), apphcation of this 
correction to data given m the last for serum alb umin 
and lactoglobuhn gives a mean mtegration value of 
97% 

The accuracy of the Piulpot optical system is thus 
shown to be httle mfenor to that of the scale 
method of Lamm (1934) 

SUMMARY 

1 A systematic mvesfcigation of the accuracy of 
measurement of sedimentation constants by means 
of the Svedberg oil turbmeultracentnfuge has shown 
that values reproducible to 0 5%, and probably 
accurate to the same limits, can be obtamed if the 
conditions of runnmg are standardized, if care is 
taken over measurement of the various quantities 
concerned, and if correction is made for error of 
measurement of the temperature of the cell con- 
tents A new method of computmg the sedimen- 
tation constant is given 

2 Exammatiou of the accuracy of estimation of 
the quantity of a sedimentmg component from the 
boundary diagram given by the diagonal schheren 
method of Philpot (1938) has shown that, under 
favourable conditions, a smgle measurement may 
have a standard deviation of 2 6%, makmg an 
accuracy of 1 % attamable from the data of a smgle 
run Special attention is needed to the fittmg of the 
base hne and an unproved method- of domg l^his is 
described 
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It IS generally believed that the mam pathway of the 
metabolism of the ammo acids phenylalanme and 
tyrosme m mammals mvolvos the mtermediate 
formation of homogentisic acid In alcaptonuric 
man, and m various laboratory animals reared under 
certain dietary conditions, the amount of homo 
gentisic acid excreted m the urmo is proportional to 
the mtake of the two aromatic ammo acids, this 
mdicates that the oxidation of tyrosme to a qumol 
With an accompanying shift of the side cham can 
be performed by mammals Moreover, the recent 
isolation by Fishberg (1948), m cases of enterogenous 
cyanosis, of 1 4 benzoqumono 2 acetic acid, the 
quinone correspondmg to homogentisic acid, has 
demonstrated that, even m man, the formation of 
compounds related to homogentisic acid is not con 
fined to alcaptonuncs and premature babies But 
the assumption that such a reaction represents the 
mam normal pathway of metabohsm for these 
aromatic ammo acids rests on an argument by 
analogy, and no conclusive evidence for this hypo 
thesis has as yet been adduced Even m alcaptonuria 
the exact mechanism of the conversion of tyrosme 
to homogentisic acid is still obscure The oxidation 
of a phenol to a qumol is a fairly common biological 
reaction, thus small amounts of qumol are excreted 
on mgestion of large doses of phenol by the dog 


(Baumann Preusso, 1879) and salicyhc acid gives 
rise m man (Baldom, 1908) and m the rat (Lutwak- 
Mann, 1943) to gentisic acid But no exact biological 
analogy o-osts for the rmgration of a substituent 
ongmaUy occupying the para position The forma 
tion of thyroxme from duodotyrosme which occurs 
so readily tn vivo and m vitro must mvolve a some- 
what similar mechanism (see Pitt-Rivers, 1948) 
However, m the latter case, the side cham' is 
e limin ated whilst with tyrosme it is shifted to the 
adjacent position m the rmg It is generally assumed 
that tyrosme (I) is first converted to the corre- 
sponding keto acid (H) which is then further 
oxidized m the rmg to give 2 6 diliydroxyphenyl- 
pyruvio acid (IH) which on oxidative decarboxy- 
lation Would yield homogentisic acid (IV) But the 
fact that p hydroxyphenylpynivic acid is far less 
effective than tyrosme as a precursor of homogentisic 
acid m the alcaptonuric (Neubauer, 1909, Fromherz 
& Hermanns, 1914) suggests that oxidation of 
the rmg precedes that of the side cham Tli^ 
small amount of extra homogentisic acid excreted 
on admmistration of p-hydroxyphenylpjTuvio acid' 
may be ascribed to its reconversion mto tyrosme 
by amination As Neubauer (1928) pomts out, 
at least two other possibihties (6, c) must be 
considered 



(I) 



H^CH 
(V) COOH 


( 11 ) 


b, c 

>■ 
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Thus a second hydroxyl group might be intro 
duced mto tyrosme to give the dienone (V) which 
would rearrange to 2 6-dihydroxyphenylalanme 
(VI) , this could then oxidized through the keto 
acid to homogentisic acid (meohamsm b) or be 
first decarboxylated to the amme (VII) and then 
oxidized (mechanism c) *In order to test these 
possibihties it was decided to prepare and resolve 
2 6 dihydroxyphenylalanme The synthesis of 2 6 
dihydroxyphenylethylamme, another possible m 
termediate, is described m the accompanymg paper 
(Leaf & Neuberger, 1948) 

Reaction of gentisic aldehyde with acetylglycine 

The racenuo ammo acid was prepared m two ways In 
the first synthesis gentisio aldehyde ( Vill) was condensed 
with acetylglyome m the presence of acetic anhydride and 
Bodmm acetate !From the crude product three substances 
were isolated by fiaotional crystallization The first com 
pound had mp 140-141° and crystallized m yellow needles. 
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iBomenc azlactones will generally result, and only one of 
these will oontam the reactive carbonyl group and the 
phenoho rmg smtably placed for esterification to proceed. 
Coumarm formation thus appeared to be a secondary re 
action which might be faoihtated by the presence of a free 
hydroxyl group and by prolonged heatmg It was hoped to 
ehmmate formation of the coumarm by usmg 2 aoetoxy 
benzaldehydes However, this aim was not fully achieved. 
Acetoxybenzaldehydes can be readdy prepared m almost 
quantitative yield by treatmg the hydroxyaldehydes with 
pyndme and acetic anhydride, the products are distillable 
orystalhne substances Condensation of 2 aoetoxybenzalde 
hyde with hippunc aeid and of 2 5 diaoetoxybenzaldehyde 
with acetylglyome yielded mamly, but not exclusively, 
azlactone if the period of heatmg was short (30 min ) If 
heatmg was contmued for 1-2 hr , larger amounts of 
coumarm were obtained. The conclusion that even the 
acetylated azlactone is converted to the coumarm under the 
conditions of the condensation was supported by the obser 
vation that heatmg pure acetylated azlactone of m p 
140° with acetio anhydride and sodium acetate at 100° pro 
dnoed appreciable amounts of coumarm 



OOC CH 3 

OOC CH 3 


-CO 


N 0 
(IX) 


OOC CH; 



^OOC CHj 
CH<; 

OOC CH, 




OOC CH, 


OH 

CH, CH (NH,) COOH 
OH 



(XI) 


(XH) 


(xni) 


it had one fairly stable and two very labile acetyl groups 
This fact, the colour and elementary analysis mdicate that 
this IB the acetylated azlactone (IX) The second subst^ce 
of m p 226-227° is colourless and contains one labile and 
one stable acetyl group It is assumed to be 3 acetamido 
2 keto 6 acetoxycoumarm (X) or the tautomeno 3 
acetimido 2 keto 6 acetoxychroman Several workers have 
obtamed both the benzaimdoconmarm and the benzoylated 
azlactone m the condensation of sahoylaldehyde and hip 
puno acid (Bebuffat, 1885, PlOchl & Wolfiaim, 1885, 
' Erlenmeyer & Stadhn, 1904), and similar results have been 
obtamed m the condensation of 2 4-dihydroxybenzalde 
hyde and hippuno acid (Deulofeu, 1936) Dakin (1929), on 
the other hand, isolated only an acetylated azlactone from 
the condensation of sahoylaldehyde and acetylglyome, and 
similarly no coumarm derivative was isolated m the reaction 
.of gentisic aldehyde with hippuno acid (Neubauer & Flatow, 
1907) The separation of these two products is troublesome, 
and attempts were, therefore, made to establish conditions 
under which only the azlactone would be formed. It is 
generally accept^ that the first step m the azlactone 
synthesis is the formation of 2 phenyl or 2 methyloxa 
zolone, the reactive methylene group of which then reacts 
with the aldehyde (see Carter, 1946) Two geometncaily 


The third product of the reaction was mtrogen free, and 
from elementary analysis and acetyl content was identified 
as 2 6 acetoxybenzyhdene diaoetate (XI) The formation of 
diacyl denvatives of aldehydes m the preparation of azlac- 
tones, has not, as far as we are aware, hitherto been reported, 
and isofpartioular mterest m view of thesuggestionofErlen 
meyer & FrOstfick (1896) that such diacetates are mter 
mediates m the formation of azlactones It has been found, 
however, that the diacetates of benzaldehyde, 2 acetoxy or 
2 S-diaoetoiybenzaldehyde do not form azlactones under 
the appropnate conditions It seems more probable that 
the formation of such acyl denvatives removes aldehydes 
fitim the reaction, and explams the low yields of azlactones 
observed m some oases, e g when acetylglyome 13 used 
Both the coumarm (X) and the azlactone (IX) yield on 
hydrolysiB with dilute HCl 6 hydroxy 2 3 diketochroman 
(Xm) which on treatment with allah, m the absence of 0„ 
followed by careful acidification gives 2 6 dihydroxy 
phenylpymvio acid (III) Both these compounds have 
already been obtamed by Neubauer & Flatow (1907) by a 
less convement method On treatment with red phos 
phonis and HI the ammo add (XII) is obtamed m good 
yield hum either (IX) or (X) An aqueous solution of nn- 
2 6 dihydroxyphenylalanme is readily oxidized m air at a 
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{Jjghtly alUlino pH and slo^lj oven at neutralitj giving a 
melanm He pigment Hutu (1927) claimed to bate pro 
pared the racemic ammo acid bj condensation of 2 5 
dimethoiybcnzaldebj do mtb glj emo nnbj dndo followed bj 
redaction and hydrolysis Tbo properties of the eompound 
obtained bv the Japanese ivorker differ greatly, lionet or, 
from tho'e of the product described m this pajier Thus, 
Hirai gives amp of 203-204°, 'whilst wo found amp of 
235° Hie ammo acid obtained by us crystallizes with 1 mol 
of water ■which is not removed by drying at 15 mm 
pressure at room temperaturo over PjOj On prolonged 
diymg at 110° tho water is lost, but tho anhydrous matcnal 
hydrates agam qmckly This property is not mentioned by 
HmiL Moreover, Hirai’s compound was apparently easily 
soluble m water, whilst wo found tho solubihty of the 
racemic ammo acid to be less than 1 % at 18° in water No 
suggestion can be offered as to the cause of this discrepancy 

Resolution of 2 5 dihydroxypJienylalamnc 

In the course of the work it ■was found that N acyl don va 
trves of 2 B-dihydroxyphenylalamne laotomze readily, are 
easily ondized, and are, therefore, not convement for reso 
labon. It ■was decided to resolve instead a suitable den — 
vativB of 2 S-dimethoxyphenylalanme and to remove tho 
methyl groups afterwards The 2 6 dimethoxybenzalde 
hyde required for this synthesia was made both by the 
Reimer Tiemarm method firom 4 methoxyphenol followed 
by methylatiou with methyl sulphate (of Tiemarm i- 
Mailer,'' 1881), and from 1 4-dimethoxybenzene by the 
modification of the Gattermaim synthesis mtroduced by 
Adams & Levme (1923) QuUand A Virden (1928o, 6) used 
a somewhat wmilar method for the preparation of this aide 
hyde The 2 benzamido 3 (2' 5' dunethoxyphenyl) aoryho 
acid obtained from the aziactone, prepared by the oonden 
sation of the aldehyde with hippuno acid, was rather re 
sistant to hydrogenation with a palladium or platmum 
catalyst (of Waser, 1926), but the sodium salt was readily 
reduced under pressure by H, and Raney’s mokeL Attempts 
to resolve the resulting 2 benzamido 3 (2' 6' dimethoxy 
phenyl) propiomc acid with brueme or quinmo were un 
Buccesaful, but ( + ) or ( - )-a phenylethylamine respectively 
yielded two pairs of diastereoisomeno salts which could be 
separated by fractional crystallization from water Short 
hydrolysis ■with hydnodio acid yielded the active ammo 
acids ■without any appreciable racemization The optically 
active ammo acid resembles the haceimc compound m most 
of its properties, thus it also crystallized ■with 1 mol of 
■water which is difficult to remove However, the active 
ammo acid is more insoluble m cold ■water than the racemic 
compound and can be convemently rCcrystallized from that 
solvent D and L Configurations were assigned to the 
dextro and laevo rotatory a min o acids respectively on the 
basis of the followmg considerations discussed m detail 
elsewhere (Neuberger, 1948) 

(1) All n ammo acids show a decrease m dextro or m 
crease m laevo* rotation when the neutral molecule is trans 
formed mto the correspondmg cation ne on addition of 
acid The rotation of { + ) 2 B dihydroxyphenylalanme m 
water cannot be measured accurately due to low solubihty 
+40°i3 ■was obtamed by usmg a 4 dm 
tube In ^ Ha this value is decreased to +7 8 Tho differ 
onre m molecular rotation, which is about 09 and of the 
saifae order as that found for other a ammo acids containmg 


^ ary 1 groups, indicates that the ( — ) acid has L configura 
tion Mbrcoi or, l- 3 4 dihj droxj plionylalamne (IV’aser A 
Lowandowski, 1921) for which tho L configurntion is estab 
lishcdbj direct transformation from L tyrosmo has rotations 
similar, both m water and m acid, to those of tho 2 6 com 
pound 

(2) Another cmpincal and apparently generally nppho- 
able rule is that tho by dantoms of 1 ,-ammo acids have rota- 
tions which aro negatn o and relatively large The [a]u of the 
hydantom of ( - ) 2 B dihydro-ryphenylalanme was found to 
bo - 124 6° m aqueous ethanol 

(3) An enzyme present m gumea pig kidnoy dccarboxy- 
lates tho ( - ) ammo acid quantitatn oly (Blasohko, Holton 
ASloano Stanley, 1948) whilst the dextro-rotatory substance 
remains unchanged This enzyme is identical ■with, or 
closely similar to, dope decarbo'rylase which is specific for 
l,-3 4-dihy droxyphenylalamno (Blasohko, 1942—3) Smee 
both mammalian and bacterial decarboxylases act on 1,- 
ammo acids only, the enzymio decarboxylation of the ( - ) 
ammo acid supports strongly the conolnsions dra'wn from 
the physical data, and there can be no doubt that the 
laevorotatory 2 6 dihydroxyphenylalanme has L-configuta 
tion 

The biological behaviour of 
2 6 dihydroxyphenylalanme 

The 1 ,-atnmo acid, if given by mouth to rats m 
daily doses up to 1 g , is apparently readily meta- 
bolized, no reduemg substances could be detected 
m the urme, even after acid hydrolysis The d- 
isomende, too, can apparently be oxidized com- 
pletely by the rat, if the dose does not exceed 
200 mg /lOO g body •weight Larger doses cause the 
excretion of small amounts of reduemg material 
which, from its solubihty, appears to be the un- 
changed ammo acid In normal man also, 6 g of the 
L ammo acid were completely metabolized, whilst 
the same quantity of the d compound gave nse to 
the appearance of small amounts of a reducing sub- 
stance m the urme The ammo acid appears to be 
completely non-toxic on oral, subcutaneous and 
mtraperitoneal administration to rabbits, mice, rats 
and gumea pigs Experiments with the racemic com- 
pound already reported (Neuberger, Rimmgton & 
Wdson, 1947) mdicate that it is, at least partially, 
converted mto homogentisic acid by the alcaptonun c 
Experiments ■with the active ammo acids ■will be 
earned out, when an opportunity arises The findings 
of Blaschko et al (1948) that the l ammo acid can 
be decarboxylated by a mammahan enzypie have 
already been mentioned The resultmg 2 6 di- 
hydroxyphenylethylamme is also readily meta 
bohzed by man and by the rat (Leaf & Neuberger, 
1948) On the basis of these findmgs, it appears 
probable that the normal metabolism of tyrosme 

goes at least partly through the stages 2 6-dihydroxy- 
phenylalanme and 2 6-dihydroxyphenylethylamme 
to homogentisic acid (cf path con p 599) The alter 
native that the qumohe amino-acid is first oxidized 
to the keto acid and then decarboxylated (path b 
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on p 699) IS less likely, since 2 6 diiiydroxyphenyl- 
pymvic acid like p-hydroxyphenylpymvic acid is 
not a very effective precursor of homogentisic acid 
(Neubauer & Flatow, 1907) However, the facts 
presented here only indicate that the suggested 
pathway is possible and m accordance with known 
facts The hypothesis wiU have to be substantiated 
by further experiments with isolated enzymes or 
tissue shoes 

EXPERIMENTAL 
Preparation of compounds* 

Reaction of genltsic aldehyde with acetylglycine 13 8 g 
of gentisio aldehyde (Neubaner & Flatow, 1907), acetyl 
glycine (11 7 g ), anhydrous sodium acetate (9 g ) and aoetio 
anhydride (40 ml ) were mtunately mixed and refluxed for 
2-3 mm The mixture was then heated for a further 1 hr 
on a water bath The partly oiystaUme mixture was cooled, 
the sohd broken up and triturated with ice water The aohd 
was filtered off and washed with ice water, ethanol (40 mb) 
and ether The oombmed mother hquors were extracted 
with ethyl acetate, and the ethyl acetate extracts dried and 
concentrated A further crop of sohd matenal was thus 
obtamed Fractional crystalhzation fi:om ethanol and ben 
zene yielded three substances (a) A compound of m p 
226-227°, orystaUizmg m needles, almost colourless and 
almost msoluble m cold ethanol This substance was identi 
fied as 3 aceiamido 2 kdo-Q-ocetoxycoumarm (Found C, 
69 4, H, 4 2, N, 6 6 CuHnOjN requires C, 69 8, H, 4 2, 
N, 6 36 % ) Labde acetyl groups were estimated as follows 
0 261 g of the matenal was dissolved m 26 mb 0 Iw NaOH 
and allowed to stand at room temperature for 2 hr , 26 ml 
0 In HCl were then added and the mixture was steam 
distilled The distillate required 10 2 ml 0 In NaOH for 
neutralization to cresol red, this gives a labile acetyl con 
tent of 16 8 % CuHnOsN requires a labile acetyl content of 
16 4% Total acetyl content was estimated as follows 
0 261 g of the matenal was refluied for 4 hr with 20 ml of 
3 N HjSOj and then steam distiUed On titratmg the distal 
late with 0 1 N NaOH, usmg cresol red as mdicator, 20 6 ml 
were required, hence total acetyl content = 33 8% and by 
difference stable acetyl content = 17 0% C^ 3 H^ 05 N re 

quires 16 4% The analytical results and the lack of colour 
leave no doubt that the structure assigned to this com 
pound is correct (6) The second compound was more 
soluble m ethanol and fairly soluble m hot benzene It 
crystaUized m small bright yellow needles and had m p 
140-141° It was identified as 2 methyl-i (2' 5'-duicetoxy 
benzylidene) oxazdone (Found C, 68 9, H, 4 66, N, 4 7 
CijHijOjN requires C, 69 4, H, 4 3, N, 4 6% ) Labde and 
stable acetyl groups were estimated as described above 
(Found labde acetyl, 28 8, stable acetyl, 14 4 C^Hi^OgN 
requires labde acetyl, 28 4, stable acetyl, 12 2% ) (c) The 
third compound was more soluble m ethanol and benzene 
than the other two It was colourless, crystallized m tablets 
of m p 127 and did not contam N It was identified as 
2 6 diaceioxy benzylidene diacetate (Found C, 66 7, H, 6 14 
CjsHijOg requires C, 65 65, H, 4 9% ) Mixed m p with a 
sample prepared by an mdependent method (see below) was 
127° The crystalhne products were isolated m a yield of 
altogether 35-40 % The crude matenal consisted largely of 
the azlaotone and was obtamed m a yield of about 60% 

* AH meltmg pomts are unoorrected 
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Preparation of aldehyde dmcetates and acetoxyalde 
hydes 

2 Aceioxybenzaldehyde Sahcylaldehyde (18 3 g ) was 
added to dry pyndme (40 ml ), the solution was cooled to 
- 10° and acetic anhydnde (16 g ) added over 6 mm The 
mixture was left for 2 hr and then poured mto ice water 
An od precipitated which soon oiystallized. The matenal 
was filtered off, washed with ice water and dned Yield was 
90% of the theoreticaL The sohd was distilled at 142° 
(16 mm.), m p was 36-37° Perkm (im) gives m p 37° 

2 6 Diaceioxybenzaldehyde. 2 6 Dihydroxybenzaldehyde 
(6 68 g ) was acetylated with pyndme (16 mb) and aoetio 
anhydnde (9 6 mb) as desonbed above The matenal, which 
ciystaLhzed on pouring the solution mto water, was filtered 
off and dned Yield of 2 6-diacetoxybemcddehyde was 95 % 
10 g were reorystalhzed fixim hgrom (200 mb) and had 
m p 68°, on further reorystalhzation the m p was raised to 

68 6—69° (Found C, 69 2, H, 4 7 CViHjoOj requires C, 

69 4, H, 4 6%) ^ 

'2 6 Diaceloxybenzyhdene diacetate 2 6 Diacetoxybenzal 
dehyde (2 2 g ) was dissolved m aoetio anhydnde (6 ml ), the 
mixture was cooled to - 6° and cone HjSO^ (0 05 mb) was 
added Crystals appeared almost at once After 1 hr at 0° 
the mixture was poured mto water contammg NaHCOj 
(16 g ) and allowed to stand at 0° for 1 hr The crystals were 
then ^tered off and dned. Reorystalhzed from ethanob the 
substance had mp 128 6° Yield was 90% of the theo 
retioal The diacetates of benzaldehyde and sahcylaldehyde 
were prepared m a simil ar manner and were found to have 
the correct m p ’s 

Both benzyhdene diacetate and 2 aoetoxybenzyhdene 
diacetate were heated for 1 hr on a water bath with 1 equiv 
of hippuno acid, 1 eqmv’"of anhydrous sodium acetate and 
4 eqmv of acetic anhydnde No azlaotones could be 
isolated from these mixtures 

Azlacione formation with acetoxyaldehydes (a) 2 Acet- 
oxybenzaldehyde and hippuno acid A mixture of 2 
acetoxybenzaldehyde (26 7 g ), hippuno acid 128 g ), an 
hydrous sodium acetate (12 7 g ) and acetic anhydnde 
(60 ml ) was heated on the water bath for 20 mm The solu 
tion was cooled, poured mto ice water containmg ethanol 
(60 ml ) The orystoUme sohd was filtered off and dned. It 
weighed 60 g Fractional crystallization by the method of 
Asahma (1930) gave 4 6 g of pure ooumarm, w hils t the rest 
of the matenal consisted almost entirely of the azlaotone 
A longer penod of heating or use of sahcylaldehyde instead 
of the acetyl denvative decreased the crude jneld and m 
creased the proportion of the ooumarm (6) 2 6 Diacetoxy 
benzaldehyde and acetylglyome A mixture of 2 6 diacet- 
oxybenzaldehyde (11 1 g ), acetylglyome (6 8 g ), sodium 
acetate (4 6 g ) and aoetio anhydnde (26 mb) was refluxed 
for 10 min and then heated on the water bath for a further 
0 6 hr Workmg up as desonbed above gave a 60 % yield of 
the acetylated azlaotone conta min ated with some conmarm 
The yield was shghtly better, and the product less hetero^ 
geneous than that prepared from 2 6 dihydroxybenzalde 
hyde 

Preparation of dl-2 6 dihy dr oxy phenylalanine 
and 2 6 dihydroxyphenylpyrumc amd 

2 6 Dihydroxyphenylpyrumc acid The keto acid and the 
ammo acid have been prepared from the correspondmg 2 
methyloxazolone, the coumarm or the crude mixture 
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Yields from tlio pure compounds wero Inghor Only tUo 
hydrolysis of the azlaotono needs to bo desenbed in detail 
fi g of the 2 methylosarolone were refluxed with a mixture 
of equal parts 3 n HCl and glacial acetic noidfor 6 hr Tlio 
solution was concentrated tn vacuo, and the lactone of the 
koto aoid was obtamed in a yield of 80% After rcerystal 
hration ftom water and treatment with charcoal the m p of 
the now colourless crystals was 225° Neubauer Flatow 
(1907) state that the m p is above 220° and not sharp The 
lactone was converted to the free keto noid ns desenbed 
by these authors It bnd nU the properties desenbed by 
them 

DI.-2 6 Dihydroxypheiiylalaninc 2 Mothyl-4 (2' 6' diacot- 
oxybcnzyhdeno) oxazolone (10 g ) was refluxed with a 
mixture of glacud ncetio noid (00 ml ), red phosphorus (2 g ) 
and 20 mh HI (sp gr 1 7) for 1 hr The solution was filtered 
hot and concentrated under reduced pressure to dryness 
The residue was taken up m water and extracted with ether 
The aqueous solution was again evaporated to dryness and 
the Bohd dissolved m water, 20% (w/v) Lead acetate was 
then added carefully, until the pH ivas about 1 8-2 0 If tho 
pH IS allowed to nse to 3 0 and above, tho Pb complex of 
the ammo aoid is preoipitated Pbl; was then filtered off 
and the solution treated with HjS The precipitate was 
filtered off, and the solution concentrated tn vacuo under Nj 
to low bulk. On addition of pyndme to pH 6 0 the ammo 
aoid crystallized out It was reorystallized from water 
contanmg a trace of SO, Yield of reorystallized material 
was on the average 60% A further 10-20% could be re 
covered from the mother hquors M p was 236° The sub 
stance oiystallizea with 1 mol of water which was not re 
moved by drying over PjO^ at room temperature at 10 mm 
pressure On prolonged drying at 110° and at 1 mm , the 
Water is lost Loss of weight on drying 7 9%, C,H]jOtN 
requires 8 4% The ammo acid was analyzed as the hydrate 
(Pound C, 49 9, H, 0 0, N, 6 6 C,Hu04N H,0 requires 
C, 60 2, H, 6 1, N, 6 6% ) The substance gave a positive 
nmhydrm reabtiou, reduc^ silver nitrate slowly at pH 4-6 
and instantaneously at alkalin e reaction and reduced 
phosphomolybdio acid m acid solution 


Altemaitve viethodfor the synthesis of 
Di 2 6-dihydro3!yphenylalantne 

2 6 Dimeihoxybcnzaldehyde This was prepared by two 
methods (o) Gattermann synthesis The method desenbed 
here is shorter and more convement than that of QuUand 
& Virden (1928o, 6) Into a three necked flask fitted with 
a meronry sealed stirrer, a reflux condenser and an mlet 
tube was placed 1 4 dimethoxybenzene (30 g ), dry benzene 
(90 ml ) and zmo oyamde'(40 4 g ) The mixture was cooled 
in ice and dry HCl was passed m, whilst the mixture was 
rapidly stirred, until saturated with HCL Fmely powdered 
AlCl, (44 g ) was then added and the temperature raised to 
45° Tho mixture was kept at that temperature for 3 6 hr , 
whilst a slow stream of HCl was passed m The mixture was 
then poured mto 3 n Ha (600 mb), refluxed for 0 6 hr and 
cooled Ethyl acetate (200 ml ) was added, the orgamo 
layer separated, and tho aqueous solution agam eitraoted 
with ethyl acetate The combmed extracts were then dned, 
the soli ent removed and the remammg od distilled. A small 
amount of unchanged dimethoxybenzfene came over below 
1 30°, whilst tho hulk of the material distilled sharply at 164“ 


(18 mm ) It crystallized m the receiver and had m p 63° 
Yield was 73 % of the theoretical (b) Beimer Tiemann 
synthesis NaOH (80 g ) was dissolved m water (100 ml ) 
To this solution, which was kept at 06-70°, ivas added 33 g 
of p raethoxyphenol (Robinson & Smith, 1926) and ohloro 
form (20 g ) The solution was kept at 70° by alternate 
coohng and warming When the reaction had subsided a 
second lot of chloroform (20 g ) was added, and after 
10 nun a third lot The mixture was then refluxed for 1 hr , 
excess chloroform was removed by distillation and tbe 
solution acidified with 6 k H.SO 4 The aldehyde was then 
distilled m steam, 1 6-2 1 of distillnte being coUeoted. The 
distillate was extracted with ether and oonoentrated, "the 
rcaultmg od was distdled w vacuo under N, Bp was 144 6° 
(20 mm ) The orudo aldehyde (21 g ) was methylated with 
methyl sulphate (I 2 eqmv ) and 2 k NaOH (1 2 eqiuv ) at 
06“ The aldehyde after ooohng was filtered off and the 
mother bquor extracted with ethyl acetate The crystallme 
matenal and the od from tho ethyl acetate extraction were 
oombmed and distilled B p was 160“ (20 mm ) Overall 
yield was 35-40% 

2 Phenyl 4-(2' 5'-dmeihylbenzyhdene) oxazolone and du- 
2 6-d>hydroxyphe7iylalamne A mixture of 2 6 dunethoiy 
benzaldehyde (16 g ), hippuno acid (16 2 g ), anhydrous 
sodium acetate (7 4g) and acetic anhydride (60 mL) was 
heated on a water bath for 1 6 hr The mixture was copied 
to 0“ and ethanol (60 mL) added slowly After standing for 
1 hr at 0“ It was poured mto loe water (260 ml ) and left at 
0“ for 2 hr The orystalhne sohd was filtered off, washed with 
water, ethanol and ether Yield was 76% M p was 169- 
170“ After reorystaUization from benzene m p was 172“ 
GnUand & Virden (192Sb) give m p 170-172° (Hound 
C, 60 8, H, 6 00, N, 4 42 Gale for CyHu04N C, 69 9, 
H, 4 86, N, 4 63%) Tbe azlactone could be converted 
directly to d 1/-2 6 dibydroxypbenylalanme 40 g of tbe 
azlactone were added to a mixture of glacial aoetio acid 
(160 toL), red phosphorus (10 g ) and 126 ml HI (sp gr 17) 
The mixture was refluxed for 16 mm , the methyl iodide 
which had formed was distdled off and reflnxmg oontmned 
for another 2 hr Isolation was earned out as desenbed 
above This method is more convement for the preparation 
of tbe ammo acid than the one desenbed above, usmg 
acetylglyome However, it cannot be used for the prepare 
tion of the keto acid 

Resolution 

2 Senzamtdo 3 (2' 5'-dimelhoxyphcnyl) acrylic acid This 
substance has already been desenbed by GnUand & Virden 
(19286), who found m p 196-196“ Such matenal, though 
it analyzes correctly, was found on rednotion to give an 
acid which was not satisfactory for resolution, and it was 
necessary to reorystaUize several tunes before reduction 
The azlactone (30 9 g ) was partinUy dissolved m ethanol 
(400 mL) and 0 6k NaOH (230 ml ) was then added to the 
boilmg solution which was left at 90“ for 20 mm The 
solution was cooled m ice and aoidified with 2 k Ha (80 mL) 
The ctystaUine precipitate was filtered off and washed with 
cold water Yield was 90% The acid was reorystallized 
first from 60% (v/v) ethanol, twice from 60% (v/v) acetic 
acid and finaUy from chloroform and hgrom The crude 
product had m p 196“ as desenbed by QuUand A, Virden 
(19286), but after repeated reciystallization it was 188“ 
(Found C, 06 9, H, 61, N, 4 2 Gale for G^H^O.N 
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C, 66 1 , H, 6 2^ N, 4 3%) The loTvermg of m p on 
reorystallization may be asaociated ■with the posaibihfy 
of cw irans isomensm m the acryho acid 

dl-2 Bemamtdo-Z (2' 5'-d%meihoxyphenyl) propwnic actd 
75 g of the aoryho acid •wore dissolved m n NaOH (260 ml ), 
Raney mokel suspension (20 g ) was added and the vol 
made up to 1 1 Reduction occurred qmokly at an mitial 
pressure of 80 atm at 16° When the reduction had stopped 
the solution was filtered and acidified. Yield 'was almost 
quantitative The bmzamidopropionxc actd was reciystal 
hzed from 30% (v/v) acetic acid. It had mp 176 6° 
(Found C, 66 6, H, 6 9, N, 4 3 Ci,Hj,OjN requires C, 
66 7, H, 6 8, N. 4 4%) 

( - ) Phenylethylamine soli of Tj-2-benzamxdo-S (2' 5'-dtme 
thoxyphenyl) propionic acid The racemic acid (49 g ) and 
{ "O phenylethylamme (18 8g ) -were dissolved m methanol 
(300 mb) and the solution evaporated to dryness The 
ciystaUme residue -was dissolved m boding water (1600 ml ) 
and allowed to cool to 16° The orystalhne sohd was filtered 
off, and agam dissolved m water (1500 mL) and cooled to 
16° A third reorystalhzation was done from 21 of water 
Rotation and m p had by then become constant Yield ■was 
90% of 'the theoretaoal (31 6 g ) M.p -was 180°, [a]]f 
- 13 7° m methanol (c, 2 0) The salt crystallized as a mono 
hydrate. (Found 0, 66 4, H, 6 8, N, 6 0 O^H^CjN, H,0 
requires 0, 66 7, 6 8, N, 6 7% ) 

( - )-Phenylethylamine salt of n 2-benzamtdo 3 (2' 5-dime 
thoxyphenyl) propionic acid The mother hquors amounting 
to 6 L were combmed and concentrated under reduced 
pressure (100 mm.) to about 1 1 SmaU'amounts of crystal 
hne material which separated out during the concentration, 
and which consisted of mixtures of diastereoisomers, were 
collected and preserved for a later resolution The solution 
■was then cooled to 0°, and the orystalhne precipitate of 
m p 160° filtered off, a further crop ■was obtamed by 
concentrating the solution to 300 mb and cooling to 0° 
The combmed sohds were agam reorystalhzed first from 
water and then from ethanob The yield was 24 g The 
mother hquors ■were combmed and concentrated M.p 
was 167-168°, [a]“ +9 1° m methanol (c, 2 0) This salt 
also crystallized as monohydrate (Found C, 68 3, H, 6 6, 
..N, 6 9 CijHjijOjN, H,0 reqpures C, 66 7, H, 6 8, N, 
6 0 %) 

The ■two salts of ( + ) phenylethylamme were also pre 
pared and had the expected properties +d salt mp 180°, 
[2]^®" + 13 8° m methanol (c, 2 0), +i>«oit mp 166°, 
[a]^ -9 0° m methanol (c, 2 0) The -n and +L-salte 
were probably optically not completely pure, but further 
reorystalhzation did not raise the rotation or m p (^any 
farther 

D and lr-2 Benzamido-3 (2' f,'-dimelhoxyphenyl) propionic 
acids The -n-and + n salts respectively were decomposed 
as foUo^wB 46 g of the salt were dissolved m hot water 
(1 b) and 6k NaOH (60 ml ) was added, whilst the solution 
•was shaken The phenylethylamme was removed by re 
peated extraction ■with chloroform and recovered m the 
usual manner The aqueous solution ■was acidified ■with 
6k HCl (66 mb) and the precipitate filtered off and dried 
The material was recrystalhzed first from chloroform hght 
petroleum (b p 120°) and then from 30% (v/v) acetic acid 
M p of both compounds was 170° The h-acid had [a]^ 

/ — 32 6° m ethanol (c, 2 0), whilst the o-acid hod [a] 32 8° 

m ethanol (c, 2 0) The L-aoid only was analyzed. (Found 
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C, 66 6, H,69,N,41 CjbHuOjN requires C,667, H,69, 
N, 4 26% ) The +l and — n salts were decomposed m 
similar manner The correspondmg d and L-henzamido 
acids had m p 167 and 168° respectively and the following 
rotations n acid [a]],^ + 30 6° m ethanol (c, 2 0), L-acid 
[a] ”<■ - 31 0° m ethanol (c, 2 0) 

D and l-2 6 Dihydroxyphmylcdanine. 10 g of the active 
benzoyl compound were hydrolyzed -with 80 mb of a 
mixture of equal parts of HI (sp gr 1 7) and glacial acetic 
acid which hod pre^viously been refluxed for 16 mm ■with 
red P (0 4 g ) and filtered The mixture was refluxed for 
16 mm , methyl iodide remo^ved by distillation, and the 
hydrolysis oontmued for another 1 26 hr The ammo acids 
■were isolated as described above Yield of recrystalhzed 
ammo acid was 66-70% The iHimino acid had mji 266°, 
[ajy -8 1° m K HCl (c, 2 0) (Found C, 60 1, H, 6 2, N, 
6 46, CjHuO^N H,0 requires C, 60 2, H, 6 1, N, 6 6% ) 
Loss of weight on drying at 110° (1 mm ) 8 1 %, the mono 
hydrate requires 8 4% The n amino-acid had mp 266°, 
£a]^ +7 9° m K HCl [c, 3 0), [a]^ +40 0°±3 0 m ■water 
(c, 0 16) 

Eydantoin The L-ammo acid was converted mto the ir- 
hydantoin, 0 6 g of the ammo acid and KCNO (0 6 g ) were 
dissolved m hot water (30 mb) The solution ■was heated on 
the water bath for 40 mm , whilst Hj ■was passed through 
the solution 6k HO (7 6 mb) ■was then added and heating 
contmued for 2 hr On ooolmg crystals appeared which 
■were filtered off and, after treatment ■with charcoal, re 
crystalh^d from water The i/'Ajrdontom had m p 220-221°, 
[a]“ -124 6° m 90% (v/v) ethanol (c, 0 92) (Found 
N, 12 3 C10H10O4N, requires N, 12 6% ) 


METABOLIC EXPERIMENTS 

Rais Male and female rata of the Institute stock, 
■weighmg between 260 and 300 g , and fed ordmary 
rations, were used for these expemnen^ts The ammo- 
acids were mixed ■with the food, and allo^wance was 
made for material which had not been consumed 
The unalytioal methods used have been described 
(Neuberger, 1947) The l 2 6 dihydroxyphenyl- 
alanme was given to 10 rats m doses ranging from 
60 to 360 mg /lOO g body -wt /day Only two 
arumals, recei^vmg the highest doses, excreted a 
reducing substance which appeared to be imchanged 
ammo acid It amoun^ted to 8 and 10 % respectively 
of the mtake, as judged by the Bnggs reaction 
Identical results were obtamed “with ■urme samples 
which had been hydrolyzed ■with 0 6 n or 1 Ok HCl 
for 1 hr at 100° The d ammo acid ga^ve nse to the 
excretion of reducmg substances m four animals 
which had received 260, 276, 300 and 326 mg /lOO g 
body wt /day No reducmg substance was excreted 
with doses of 100 and 160 mg /lOObodywt /day The 
amount of material excreted, as estimated by the 
Bnggs reaction, amounted ■to 10, 12, 20 and 18% 
respectively of the mtake Hydrolysis ■with HCl, as 
descnbed above, did not mcrease the amo’un^ts of 
reducmg matenal 
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Man Hie L ammo acid (6 g ) dissolved m -warm 
water (500 ml ) was taken by a subject (A N ) and 
urme collected for tlie next 48 hr No reducmg 
material could be detected m the unno, even after 
hydrolysis by acid ThesameamoimtoftheD ammo 
acid produced reducmg material m the urine col 
leoted dunng the first S lir after mgestion It 
amomited to about 0 8 g A similar result was 
obtained on mgestion of 3 g of the D ammo acid, 
OG g of reducmg material (m terms of the ammo 
acid) was excreted No untoward symptoms wero 
eipenenced 

Toxicity The low solubihty of the active ammo 
acid m water precluded the use of \ ery large amounts 
of the compound 'm tests usmg a parenteral route 
A cat (2 1 kg ) was given 30 ml of a supersaturated 
2 6% solution of the dl ammo acid by stomach 
tube No toxic symptoms were observed Eight 
mice (20-30 g wt ) were mjected mtrapentoneallj 
with 0 16 ml each of 0 6 % solution of the x. ammo 
acid, no toxic syrmptoms were observed Similar 
negative results were obtamed on intravenous 
administration to rats and mtrapentoneal odmmis 
tration to gumea pigs and rats 


SmVEVIARY 

1 Gentisio aldehyde has been condensed with 
acetylglycme to give a mixture of an azlaotone and 
a coumarm derivative Both compounds have been 
converted to 2 5 dihydroxyphenylalanme and the 
correspondmg a keto acid 

2 The qumoho ammo acid has also been pre 
pared firom 2 5 dimethoxybenzaldehyde through the 
azlactone and the benzamidopropiomo acid The 
latter has been resolved with phenylethylamme and 
the two optical isomers of the free ammo acid been 
obtamed 

3 It has been shown that both isomers are well 
metabohzed by man and rat, the d compound only 
shghtly less efficiently than the r. isomende Both 
substances were shown to be non toxic Reason? are 
advanced for the assumption that l 2 6 dihydroxy- 
phenylalanme is an mtermediate m tyrosme meta- 
bohsm 

The author wishes to thank Dr F 0 McIntosh for carry 
mg out some of the tonoity tests, Mr T A. Webster for 
assistance with feedmg experiments, and Miss V Piokerden 
for carrying out the mioroanalyses 
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The Preparation of Homogentisic Acid and of 
2 :5 -Dihydr oxyphenylethylamine 

By G leaf and A NEUBEEGER, Nalzondl Institute for Medtcd Besearch, London, N W Z 

(Received 5 May 1948) 


lii this paper is reported a convenient method for the 
preparation of homogentisic acid and a synthesis of 
2 6 dihydroxyphenylethylamme Tins amme is of 
mterest as a potential mtermediate m t 3 TOsme 
metabolism m mammals (Neuberger, 1948) and also 
as a pressor substance We have also mcluded a few 
observations relating to the biological behaviour of 
these two compounds 

Preparation of homogentiaic acid 

Hub acid was synthesized soon after its discovery m 
alcaptonuno urme by Baumann & Fraenkel (1894) from 
2 6 dimethoxybenzaldehyde by successive conversion to the 
alcohol, chlonde and mtnie, followed by hydrolysis The 
overall yield was very poor, due mainly to aide reactions 
occurring m the conversion of the chlonde to the nitnle 
Sohoepf Wmterhalder (1940), who studied systematically 
the formation of substituted phenylacetic acids by vanoua 
methods, have found that a large excess of oyamde has to be 
used m such reactions if a good yield of the mtnie is to be 
obtained We hoped that the chlonde mig ht be oonvemently 
prepared by chloromethylation of 1 4- dimethoxy benzene, 
however, even under the most vaned conditions, only the 
dichloromethyl compound could be obtamed Smce, as 
will be shown later, homogentisic acid can be prepared 
firom 2 6 dimethoxybenzaldehyde m good overall yield by 
another method, we did not explore the method of Baumann 
& Fraenkel (1894) any further 

VanouB other methods for the synthesis of homogentisic 
acid have been desonbed, but the yields reported were m 
most cases very poor Hahn & Stenner (1929) prepared 
2 6 dibenzoyloxy 1 aUylbenzene from hydroqumone, and 
claimed to have oxidized the allyl compound directly with 
very dilute ozone to benzoylhomogentasio acid in good yield 
In our hands the method was not found to be very satis 
factory The benzoyl groups are very labile, and the material 
had, as Hahn & Stenner themselves found, to be rebenzoy 
lated dunng the synthesis Owing to the low concentration 
of ozone to be employed, the oxidation has to be earned out 
over many hours or even days, if moderately large amounts 
of material are used (of Schoepf & Wmterhalder, 1940) 
Moreover, apart from homogentisic acid, other substances 
are produced m the oxidation Hill & Short (1937) obtamed 
good yields m the oxidation of 3 aUyl o-tolyl methyl ether 
with aqueous EMnO^ contauung the required amount of 
acetic acid We have apphed their method to the oxidation 
1 4 dimethoxy 2 aUylbenzene This compound is readdy 
obtamed by Claisen rearrangement from 1 methoxy-4- 
aUyloxybenzene (Mauthner, 1921) foUowed by methyla 
tion However, oxidation of this compound with EMnOj 
gave, under the many conditions which were tned, a 


mixture of substances, and the yield of the desued 2 5 
dimethoxyphenylacetic acid was generaUy poor Apart from 

2 6 dimethoxyphebylbenzoio acid, a large amount of a 
neutral compound was obtamed which was Identified ai 

3 (2' B' dimethoxyphenyl) propane 1 2 diol This glycol re 
acted with periodic acid to give formaldehyde and 2 5 
dimethoxyphenylacetaldehyde which was not isolated, but 
oxidized directly to the correspondmg acid. The diol was 
also prepared, albeit m poor jneld, by oxidizmg the ally] 
compound with performic acid (Swem, Bdlen A Soanlan, 
1946, Enghsh & Gregory, 1947) Oxidation of o-hydroxy 
phenylacetic acid with persulphate gave homogentisic acid, 
but agam the yield was poor 

Homogentisic acid was finaUy prepared m good yield by 
oxidation of 2 6 dimethoxyphenylpyruvio acid with HjOj 
foUowed by hydrolysis 2 5 Dimethoxybenzaldehyde was 
condensed with hippunc acid (GuUand &, Vu-den, 1928, 
Neuberger, 1948) and the azlaotone ring opened with 
alkah Gulland & Virden (1928) then hydrolyzed the 
benzamidoaoiylic acid and separated the keto and benzoic 
acids with SOj It was found more convement to ondize 
the mixture of the two acids directly, and to separate the 
benzoic and 2 6 dimethoxyphenylacetic acids by estenfica 
tion and fractional distillation (see Snyder, Buck A Ide, 
1943) Short -hydrolysis with HBr yielded homogentisic 
acid m good overall yield Two other methods have been 
published which might be equaUy suitable for the prepara 
tion of this acid Schwenk & Bloch (1942) have prepared 
2 5 dimethoxyphenylacetic acid by a modification of the 
WiUgerodt reaction from the correspondmg acetophenone 
and recently MoEIvam & Engelhardt (1944) have obtamed 
the lactone of homogentisic acid by hydrolysis of 6 hydroxy 
2-ethoxycoumarone which had been made by condensa 

tion of p qumone with ketene acetal 
\ 

Synthesis of 2 5-dthydroxyphenylethylamine 

The correspondmg dimethoxy compound has been pre 
pared by a Hofmann degradation of 3 (2' B' dimethoxy 
phenyl) propionamide (Buck, 1932), and also by electro 
lytic reduction of 2 6 dimethoxy co-mtrostyrene (Sugasawa 
A Shigehara, 1941), the former method givmg the better 
yield In the present work the Ourtius degradation was 
used The propiomo acid was made as desenbed by Buck 
(1932), except that the cinnamic acid was reduced by H, 
under pressum, usmg Baney*s mckel as catalyst The pro 
piomo acid was estenfied by the method of Baker, Queny, 
Safir & Bemstem (1947) and converted mto the hydrazide 
and azide Decomposition of the latter gave 2 5 dimethoxy 
phenylethylamme m eiceUent overaU yield and on farther 
treatment with HI, 2 6 dihydroxyphenylethylamme was 
obtamed as the hydnodide which was converted with AgCl 
to the hydrochloride The anime is easily oxidized by air. 
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even m acid solntion It is much more sensitive to Oj than 
the correspohdmg catechol denvative which was prepared 
for comparison The free base, which is not very soluble m 
water, has been obtained crystalline, but appears to be un 
stable even m the complete absence of Oj 

Biological obaervationa i 

Homogenitstc acid It has been reported (Nen 
berger, Rmungton & Wilson, 1947) that the blood 
level of homogentisio acid m the human alcaptonurio 
IS vanishmgly low at a tune when the concentration 
in the nnne is quite high Various explanations for 
this findmg were discussed We have not been able 
to carry out further mvestigations on alcaptonuncs, 
but had to confine ourselves to normal subjects 
Ingestion of homogentisic acid (h a ) m quantities 
up to 6 g did not produce alcaptonuria, nor a 
measurable mcreaee of reducmg substances m the 
blood Intravenous mjection, however, of quantities 
of 0 3-1 0 g produced a marked alcaptonuria which 
lasted, at the moat, for only 40 min The total amount 
of excreted varied between 28 and 64 % of the 
administered dose, the rest bemg presumably meta- 
bolized The blood level of h a was, m aU experi- 
ments, well below 16 mg /lOO ml , and m some oases 
of the order of 2-6 mg /lOO ml The accuracy of the 
estimation of H a m serum or plasma is low with 
present methods (Neuberger et al 1947), especially 
with the very small quantities mvolved, and no 
quantitative significance can be attached to the 
plasma figures Nevertheless, it is possible to amve 
at certam concluaons In several experiments, e g 
0 3 g was mjected, and on the average a third 
ofthe injected dose was recovered m the urme After 
H A had completely mused with the blood, the con- 
centration m the whole blood could not have been 
greater than 6 mg /lOO ml , if the blood volume is 
assumed to be about 6 1 If allowance is made for 
oxidation m the body and difiEusion mto the mter 
cellular space, the concentration was probably 
appreciably lower The values found, 1 6-3 8 mg / 
100 ml , are therefore cpnte reasonable It thus 
appears that, even m normal man, the kidney 
threshold for is well below 4 mg /lOO ml In 
normals alcaptonuria caimot be produced by feeding 
large quantities of t 3 T 0 sme by mouth, and it must 
therefore be assumed that h a., if it is an mtor- 
mediate, never appears m the blood m appreciable 
amounts, and is presumably rapidly oxidized m the 
organ m which it is first formed The alcaptonunc 
has probably the same low kidney threshold as the 
normal, but he excretes m high concentrations 
m the urme, though the acid is either absent from 
the blood or present m minute amounts only A 
reasonable explanation of these findings is that 
18 formed and normally further metabolized m the 
kidney No accumulation of h a occurs smee its 
destruction is faster than its formation In expen 


mental alcaptonuria this destruction may bo slowed 
down somewhat, some h a accumulates and is 
excreted owmg to its low threshold In hu m a n 
alcaptonuria, the inhibition of further oxidation may 
be more complete, and consequently a much larger 
proportion of H a is ehmmated m the urme 

2 6 Dihydroxyphenylethylamine This amme is a 
pressor substance of somewhat weaker potency than 
3 4 dihydroxyphenylethylamme A more detailed 
study of the pharmacological properties of the new 
amme has been undertaken m the Pharmacological 
Department, Umversity of Oxford, and will be 
published elsewhere The 2 5 chhydroxyphenylethyl- 
amme is toxic, if given by vem, to the mouse , a dose 
of 126 mg /kg body weight was found to be lethal 
But given orally, the toxicity is low, at leiist m the 
rat Thus 200-300 mg /day were tolerated qmte well 
by adult animals (300 g ) The amme appears to be 
readily metabolized smee the administration of such 
large doses did not produce any reducmg material 
m the urme Moreover, no hydroqumone derivatives 
could be detected after treatment of the urme with 
acid Thus four derivatives of hydroqumone, viz 
2 6 dihydroxyphenylalanme (Neuberger, 1948), the 
corresponding ethylamine and the acetic and 
pyruvic acids are all readily metabohzed by the rat 
This 18 m marked contrast to the Itehaviour of 
sunilar derivatives of catechol 3 4 Dihydroxy 
phenylalanme is only mcompletely metabohzed by 
man (Guggenheim, 1913), the rabbit (Promherz & 
Hermanns, 1914) and the rat (Holtz & Credner, 
1944), and the same apphes to 3 4 dihydroxyphenyl 
ethylamme, as far as the rat is concerned In the 
present work it was found that 3 4-dihydroxyphenyl- 
acetic acid is largely excreted unchanged by the rat, 
even if only relatively small doses are given Homo 
gentiBic acid, on the other hand, is readily meta 
bohzed It thus appears that the mammahan 
organism iS much better adapted to the oxidation of 
hydroqumone than of catechol derivatives, and this 
supports the conclusion that the former are normal 
mtermediates m metabolism 

experimental 

Preparation of compounds 

1 ^Dimethoxy 2 6-d> [chloromithyl) benzene. A mixture of 
1 4-diinethoiybenzene (69 g ), 40% formaldeliyde solution 
(37 6 mL) and 36 % (w/v) HCl (360 ml ) was stirred for 
6 hr at 66°, whflBt a slow stream of HCl was passed through 
the solution The product was taken up m ethyl acetate, 
washed thoroughly with water and the ethyl acetate solu 
tion dried and'concentrated Distillation of the remaimng 
oil in vacua (0 1 mm ) gave unchanged 1 4 dimethoxy 
benzene (32 g ) and the diohloromethyl ether (34 g ) The 
m p of the latter was 165-166° (after reoiystallization from 
benzene) This substance has previously been prepared by 
LQ Farbemndnstne (Bntish Patent no 347,892) and is 
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stated to have m p 166° Variation of the conditaons such 
as reducing the reaction tune and temperature did not 
appreciably affect the result 


NEUBERGER 
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Oxidation mith permanganate tn water containing 
acetic acid 


Oxidation of 1 i-dimethoxy 2 aUyTbenzene 

Oxidation with permanganate in acetone To a solution of 
1 4-dimethoxy 2 aUylbenzene (17 4 g ) in acetone (100 mL) 
was added over a penod of 2 hr KHInOi (62 g ) m 70 % (v/v) 
acetone (800 ml ) The solution was stirred and the tempera 
tore kept at 26-30°, the MnO, which was filtered off was 
extracted three tunes with boiling water (160 ml each), and 
the comhmed solutions treated with SOj toll colourless The 
solution was then made a lkalin e and extracted with ether, 
this extract is the ‘neutral’ finction The aqueous solution 
was then made acid to congo red, concentrated tn vacuo to 
low vol and agam extract^ exhaustively with ether The 
‘acidic’ ethereal solution was concentrated to dryness, and 
the residue taken up m hot water, treated with charcoal 
and cooled. The ciystalhne matenal was collected and re 
crystallized from water It had m p 126° and an acid 
eqmv of 194, calc for CioHi .04 196 Wolkow & Baumann 
(1891) give m p of 2 6 dimethoxyphenylacetic acid 124 6° 
The mother hquor gave a further crop of crystaUme 
matenal, fractional crystallization of which gave some more 
of the acetic acid and also 2 6 dimethoxyphenylbenzoio 
acid of m p 76°, the latter on hydrolysia gave gentisic acid 
The yield of 2 6 dimethoxyphenylacetic acid vaned between 
16 and 18 % Lowermg of the temperature, on reduction of 
the amount of Klln 04 used, did not appreciably mcrease 
the yield. 

3 (2' 5'-Dtmethoxyphenyl) propane 1 2-dxdl The ‘neutral’ 
fi:aotion of the above oxidation was concentrated to dryness, 
and the crystalline residue recrystalhzed frnm light petro 
lenm(bp 120-130°) It had m p 77 6° (Found C, 62 2, 
H, 7 7 CuHijOi requires C, 62 2, H, 7 65% ) Oxidation 
with penodiD acid showed the substance to be a 1 2-glyco], 
0 106 g of the diol was dissolved m a httle warm water and 
added to 0 42m penodic acid (2 ml ) The solution which 
became cloudy almost at once, due to the formation of the 
phenylacetaldehyde,wa3leftfor 1 6 hr It was then extracted 
with ether, and the excess periodic acid titrated with 0 1 n 
arsemte, 1 17 ml penodic acid had been used up, CuHi «04 
^requires 1 19 ml In another experiment the formation of 
formaldehyde was demonstrated by the isolation of the 
dim ed one denvative 

Oxidation with performic acid A mixture of 30 6% (w/v) 
HjOi (36 mL) and fonmc acid (60 mL) was allowed to stand 
at 18° for 0 6 hr It was then added m three equal portions 
over 16 min to a stirred mixture of 1 4-dimethoxy 2 allyl- 
benzene (63 4 g ) and formic acid (90 mL) After a lag 
penod of 6-10 mm the reaction started, the temperature 
was kept at 45-66° by coohng occasionally with ice water 
After the exothermic reaction had subsided, the now homo 
geneons solution was kept at 60-60° for another 1 5 hr The 
solution was concentrated under reduced pressure, and the 
residue refiuxed with a shght excess of k NaOH m ethanoL 
The solution was neutralized, shaken with water and ether, 
and the ethereal solution dned. Eemoval of the ether gave 
a residue which was recrystalhzed three times from light 
petroleum (b p 120-130°) The diol was identified by its 
m p and titration with penodic acid Yield was 20 % 
Swem et al (1946) have obtamed much better yields with 
purely ahphatic olefins. 


1 4 Dimethoxy 2.allylbenzene (20 g )' was suspended m 
water (2 L) contammg acetic acid (46 ml ), and the mixture 
starred mto an emulsion KMnO^ (67 g ) dissolved m water 
(111) was then added over 7 hr , w hils t tii^temperature 
was kept at — 1 to 0° On workmg up the solution, as 
descnbed by Hill A Short (1937), a small amount of 2 6 
dimethoxyphenylacetic acid was obtamed m addition to 
some diol 

Preparation of homogentisic acid from 2 phenyl 
4 (2' 5' dimethoxyhemylidene) oxazolone 

2 6 Dimethoxyphenylacetic acid The azlactone was con 
verted to 2 6 dimethoxyphenylpyruvio acid as descnbed 
by Gulland A Virden (1928) The crude keto acid (22 6 g ) 
was oxidized with 8 4 m HjO, (12 6 ml ) and lOn NaOH 
(12 76 ml ) as descnbed by these authors At the end of the 
oxidation the alkaline solution was extracted with ether and 
then acidified with 36 % (w/v) HCl (65 ml ) The solution 
was then agam extracted with ether, and the ethereal 
solution dned and concentrated The solution, which was 
obtamed on addmg ethanol (160 ml ) and cone HjSO, 
(2 76 ml ) to the remaining oil, was refluxed for 7 hr with 
exclusion of moisture Most of the ethanol was then re 
moved by distillataon under reduced pressure, water (76 mL) 
was added, and the two layers separated The aqueous 
solution was extracted with ethyl acetate, and the comhmed 
oil and ethyl acetate extracts washed with NaHCOj After 
drymg and removal of the solvent, the ofl was distilled at 
20 mm The first fraction (b p 102-104°) consisted of ethyl 
benzoate, whilst the second fraction which amounted to 
16 g distilled at 170-176° The latter matenal was saponified 
by boilmg with 2 5n NaOH for 0 6 hr , extracted with 
ether and acidified To the white precipitate wka added 
enough water to dissolve most of the matenal on bofirng, a 
small amount of oil was discarded, and the solution treated 
with charcoaL On filtration and coohng orystalhne matenal 
was obtamed which was recrystalhzed twice frrom water 
M p was 126° Yield after reorystalhzation was 70% 

Homogentisic acid The dimethoxy acid (7 8 g ) was 
hydrolyzed by boilin g with 120 mL HBr (sp gr 1 48) for 
6 hr The solution was concentrated tn vacuo under Nj, and 
the residue taken up m hot water This solution was agam 
concentrated nntQ crystals appeared This solution con 
tammg some crystals was extracted three tames with 10 voL 
of ether The ethereal solution, after drymg, was concen 
tarated until crystallization began and chloroform was added 
The orystalhne matenal was filtered off and identified as 
homogentisic acid It had m p 147-148°, gave the typical 
reaction with FeCl, and reduced Ag+ ill acid solution Yield 
was 80 % of the theoretacaL 

Preparation of 2 5 dihydroxyphenylethylamine 

3 (2' 6' Dimethoxyphenyl) propionic acid 3 (2' 5' Di 
hydroxyphenyl) acryho acid (77 g ) was dissolved m 0 6 k 
N aOH (660 mL) and hydrogenated with Baney mckel 
(10 g suspension) and hydrogen at 100 atm and at room 
temperature The theoretical quantity of hydrogen was 
taken up after 1 hr The catalyst was filtered off and the 
solution made acid to congo red After coohng the product 
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■was filtered off, it amounted to 74 6 g After reoryatalliza 
tion from light petroleum (b p 120-130°) it had m p 66- 
67° The matenal thus obtamed n-oa apparently mainly m 
the form of a hydrate, m spite of having been dned over 
PjO, at 0 1 mm (Found C, 69 0, H, 0 96 Calo for 
OuHijO, C, 62 8, H, 6 6, calo for CuHhO^HjO C, 68 0. 
H, 7 02% ) Buck (1932) gives for tho anhydrous acid m p 
101° The hydrated matenal was dned at 110° and at 
0-1 mm over P Oj for 3 hr Tho od was then orystalhzed 
from hght petroleum (b p 120-130°) The crystallme 
matenal now had m p 100° m agreement with Buck 
Elht/l 3 (2' 5'-dtmethoxyphenyl} propionate A mixture of 
70 g of the above acid, ethanol (100 mb), benzene (160 mb) 
and cone HjSOj (10 ml ) was refluxed for 10 hr m a 
Soxhlet apparatus containing anhydrous hlgSO^ (60 g ) m 
the thimble The cooled mixture was washed with water 
and the solvents removed The ester distilled at 162—164° 
(16 mm) Yield was 90-96% 

3 (2' 6' Dimethoxpphenyl) propionic hydrazide The 
above ester (38 4g) was refluxed for 6 hr with 90% 
hydrazme hydrate (22 ml ) and addition of sufficient amyl 
alcohol to produce a homogeneous solution The mixture 
was cooled, diluted with ether and the hydrazide extracted 
with 2 n HCl On neutralization with NaOH the hydrazide 
precipitated in crystallme form After coolmg it was filtered 
off and dned. On reorystallization from benzene or water 
mp of the ht/draztde was 95-96° (Found C, 68 9,H, 7 1, 
N 12 6 CuHj.OjN, requires C, 68 9, H, 7 1, N, 12 6% ) 
2 6 Dimelhoxyphenylethylamine To a solution of the 
hydrazide (34g ) m 6ir HCl (153 ml ), stirred at 0°, was 
added rapidly a solution of NaNOj (10 5 g ) m water 
(20 ml ) Ice was added to keep the temperature below 10° 
The azide, which separated as a pale yellow od, was ex 
tracted with cold benzene, and the benzene solution washed 
with ice cold saturated NaCb The solution was then dned at 
0° over NojSOt and then over CaCl, and filtered It was 
then warmed cautiously untd evolution of N, began After 
the reaction hod abated, the solution was refluxed with 
exclusion of moisture for 20 mm Most of tho solvent was 
distilled off, the residue was cooled and treated with cold 
HCl (200 ml saturated at 0°) On warming, CO, was 
evolved When the reaction appeared to bo complete, most 
of the HCl was distilled off, leavmg a crystallme residue of 
the hydroehlondo This had m p 142-143° after reoiystal 
hzation from ethanol The bulk of the hydrochlonde was 
decomposed with excess NaOH, and the ammo extracted 
with benzene The benzene extract was dned and solvent 
removed The amme distilled at 100° (0 6 mm ) Yield 
was 80% 

2 6 DthydroxyphenylelhyJamint hydrochloride All opera 
tions from now on were carried out, as far as possible, m an 
atmosphere of N, The above amme was hydrolyzed by 
roflnxmg for 20 min with 6 vol of HI (sp gr 1 7) which had 
been freshly distilled over red phosphorus Excess BH was 
romoi ed under reduced pressure leavmg a pale yellow oil 
which could be crystallized from acetone-ether It had 
m p 173° The bulk of the hydnodido was converted to the 
hydrochlonde os follows amme hydnodido (6 0 g ) was 
dissolved in water (16 ml ) contammg a trace of SO, , the 
solution was shaken with freshly prepared AgCl (3 0 g ) 
with addition of 6 k HCl (0 6 ml ) Tho mixture of AgCl and 
Agl was filtered off, w ashed with water, and tho filtrate and 
washings concentrated to dryness The oil which remamed 
was dissolved in a small amount of ethanol and crystallized 
Biocbcm 1948, 43 


by addition of dry ether The hydrochlonde was difficult to 
orystaUize, owmg to its great solubflity and the ease with 
winch it IS oxidized, and it was found advisable to work with 
small amounts (2-3 g ) After several recrystallizations 
from ethanol-ether the amine hydrochlonde had m p 169- 
170° (Found C, 60 8, H, 6 3, N, 7 1, a, 18 6 CbHuO,NC 1 
requires C, 60 6, H, 6 3, N, 7 4, Cb 18 8% ) The amme 
formed a crystalline dditurate, however, this salt deoom 
posed during recrystaUization The free amme which was 
prepared from the hydrochlonde by addition of 1 eqmv of 
NaOH, crystallized well from water and had m p 128-130° 
But attempts to recrystalhze the base, m an atmosphere of 
N„ were unsuccessful owmg to its mstabdity On keepmg, 
the free base, sealed under mtrogen, decomposed withm a 
few days to a black tar 

METABOLIC EXPERIMENTS 
Methods 

Feeding experiments and estimation of homogentisic 
acid m the urme were earned out as desenbed 
by Neuberger (1947, 1948) 

In experiments on man, h a was dissolved m 
pyrogen free water (twice glass distiUed), and suffi- 
cient NaHCOa was added to neutralize about 90 % 
of the acid This solution was then passed through 
a Seitz filter, and the concentration of H a estimated 
lodometncally immediately before use The final 
concentration was between 3 and 4 % The solution 
was then qmckly mjected mto the antecubital vem, 
samples of 6 ml blood were withdrawn before the 
mjection and at mtervals of 6 mm , after the in- 
jection H.A was estimated by the micro lodometno 
and by the Folm method (Neuberger ei al 1947), and 
H A added to plasma before removal of the protem 
was used as standardL 

Resvlts 

ToxicUy of 2 5 dihydroxyphenylethylamine 

The mice used for these expenmeuts weighed 
between 20 and 26 g 1 mg of the amme hydro- 
chlonde (1 % solution m water) given by v'^em to 
three mice had no effect, 2 6 mg produced im- 
mediate death m two out of three animals, 6 mg 
produced immediate death m three out of three 

mice The surviving animals were observed for 3 days 

and appeared normal 

\ 

Feeding experiments on rats 

Homogentisic acid This was given by mouth m 
doses of 60-600 mg /day to ten rats kept on normal 
diets, there were no reducing substances m the 
urme, either before or after hydrolysis with an equal 
amount of 1 6K--HC1 at 100° for 1 hr 

2 H-DihydroxyphenylethylaminehydTochlonde This 

was given by mouth to seven rats m daily doses of 
60-300 mg There were no toxic effects, and no 
reduemg substances could be demonstrated m the 
urme 
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3 4:-Dihydroxyphenylacetic aad The acid was 
given to five rats m daily doses of 26-100 mg In all 
experiments the urme collected over the 24 hr 
followmg the administration reduced Ag"'’ m alkahne 
solution, and gave a strong colour reaction i^th 
FeClg The reducmg material was not isolated, but 
appears to have been an acid It could be extracted 
mto ether from an acid, but not from a neutral, 
aqueous solution and was most probably unchanged 
material A rough semi-quantitative estimation 
with the aid of the FeClg reaction mdicated that 
about ^76 mg of the 100 mg given were excreted 

Experiments on man 

These experiments were done on two healthy 
males, weighing 63 and 69 kg respectively 

Ingestion by mouth Amounts of h a of 1-6 g 
dissolved m 10 vol of water were taken by mouth 
with and without an equivalent amount of NaHCOj 
Urme was coUected for 48 hr Results were com- 
pletely negative 

Injection by vein Altogether, seven experiments 
were earned out, four with 0 3 g H a and three with 
1 0 g The results with the two subjects were s imil ar 
With the smaller dose the excretion of h a m the 
urme began withm 6 mm and lasted for 16-26 mm 
and most of the acid was eliminated m the first 
10 mm The plasma level of H A , 6 mm after the 
mjection, varied between 2 6 and 3 8 mg /lOO ml to 
retom to the imtial value after about 16 mm With 
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the bigger dose, the urmary excretion of per- 
sistedfor 28— 40mm , the bulk agambemgehmmated 
m the first 10—16 mm Tlie plasma level after 6 mm 
vaned between 8 0 and 10 6 mg /lOO ml and re- 
turned to normal withm 20-26 rmn The total 
amount excreted was 28-36 % of the mjected dose 
with 0 3 g and 48-64 % with 1 0 g h A 

SUMMARY 

1 The preparation of homogentisio acid by 
vanous methods has been studied The most con- 
vement synthesis found consisted of oxidation of 
2 6 dimethoxyphenylpyruvio acid by hydrogen 
peroxide, followed by demethylation 

2 2 6 Dihydroxyphenylethylamme has been pre- 
pared by a Curtius degradation of the corre^ond- 
mg hydrazide 

3 This amme was found to be readily metabohzed 
by the rat, and thus resembles other denvatives of 
hydroqumone 3 4-Dihydroxyphenylaoetio acid, on 
the other hand, was excreted largely unchanged as 
mdicated by the reducmg action of the urme 

4 Homogentisic acid, given by vem but not by 
mouth, to man, produced an alcaptonuna of short 
duration It is concluded that the renal threshold 
for this acid is very low, even m the normal 

The authors wish to thank Dr Bames, University College 
Hospital, for assistance in some preluninary espenments 
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The first paper of this senes {Blyne, Sohachter & 
Maman, 1948) desonbes a general method for the 
extraction of steroid conjugates from mares’ urme 
and the isolation of an oWopregnenolone sulphate 
The present paper deals with the isolation from the 
‘water insoluble’ fraction of the conjugates of a 
compound, Y sulphate, which appears to be the sul- 
phate of the steroid ‘uranediol’, CjiHseOj, isolated 
from pregnant mares’ urme by Marker, Rohrmann 
& Wittle (1938) Denvatives of ‘ urane which may 
be a hydrocarbon isomeno “with pregnane and aUo- 
pregnane, have never been reported hitherto except 
by Marker and lus co workers (Marker, Kamm, 
Crooks, Oakwood, Wittle & La-waon, 1938, Marker, 
Kamm, Oakwood, Wittle & Lawson, 1938, Marker, 
Lawson, Wittle & Crooks, 1938 , Marker, Rohrmann 
& Wittle, 1938, Marker, Wittle & Oakwood, 1938, 
Marker & Rohrmann, 1939 , Marker, 1941 o, b, 1944, 
see also Parke, Davis and Co 1940) 

Subsequent to the isolation of T sulphate Klyne 
& Paterson (1948) obtained from pregnant mares’ 
urme 'a tnol {compound T), apparently identical with 
‘uranetnol’ (Marker, Kamm, Oakwood, Wittle & 
Lawson, 1938) 

RESULTS 

The ‘98% acetone sohds. Fractions A and B\ 
obtamed by the general method of extraction (BUyne 
el al 1948) from two large batches of late pregnancy 
urme, consisted of the potassium salt of a new 
' organic sulphate {potassium Y sulphate) m fairly 
pure fomu The yields from the two batches were c 4 
and 1 mg fl urme respectively The potassium salt 
was transformed mto p toluidine Y sidphate, the 
analyses and eqmvalent of which mdicated that it 
was probably the salt of the monosulphate of an 
isomer of pregnanediol, 

[C,iH3,0 SO,r [CH, C,H« NH,1+ 

The p tolmdme salt was hydrolyzed by hot acid to 
the free hydroxy compound, Y, analytical results for 
which agreed fairly well with those required for a 
saturated dihydroxysteroid, C;iHj,0, Compound 

* Preliminary accounts of this work have been given to 
the Biochemical Society see Klyno (1946), KJyne & 
Paterson 1194S) 

t Present address Postgraduate Medical School. 
London, W 12 


Y absorbed no hydrogen on shakmg with Adams 
PtOj catalyst m glacial acetic acid for 2 hr , and 
gave negative tetranitromethane, Zimmermann and 
MiUon reactions It formed a precipitate with 
digitonin m 90 % ethanol, mdioatmg the probable 
presence of a 3(^) hydroxyl group In concentrated 
HjSOi , it gave an immediate orange red colour -with 
a shght green fluorescence, and m the Liebermann- 
Burchardt test an immediate deep crimson colour 
Compound Y gave with acetic anhydride and 
pyndme at 15-20° Y diacetate, and with 

CkOs m glacial acetic acid at 15-20° an oxidation 
product F ketone, CjiHjjOj The latter, on treatment 
with excess semicarbazide hydrochloride and sodium 
acetate at 15-20°, yielded a monosemicarbazone Y 
ketone was recovered substantially unchanged after 
boiling with aqueous ethanoho HOI for 16 mm 
Y ketone on Clemmensen reduotion,gave m c 60 % 
yield a compound provisionally called Y hydro 
carbon, which was saturated to tetramtromethane 
A smgle elementary analysis on this compound gave 
results which differed considerably from those calcu- 
lated for the expected formula (Found C, 84 4, 
H, 14 8 CjiHjj requires 0, 87 4, H, 12 6 % ) Lack 
of material prevented repetition of the Clemmensen 
reduction, and the author prefers to regard the 
nature of the product as doubtful, although Marker, 
Kamm, Oakwood, Wittle & Lawson ( 1 938) gave for a 
product, obtamed m the same way from ‘ uranetnol ’, 
analytical figures m good agreement with those 
required by Cj^Hj, 

EXPERIMENTAL 

Methods 

Melting points These were determined on the improvised 
Kofler hot-stage apparatus of Klyne L RankeiUor (1947) 
and are correoted Speed of heating at m p , 3-4°/min 
Limits of error, ±2° 

Specific rotations See Klyne et al (1948) 
ificro analyses These are by Dr J W tTinnis unless 
otherwise stated 

‘ Usual working up ’ This expression indicates the foUow- 
mg operataons A eolation of the reaction prodnot m an 
organic solvent (usually ether) was washed with aqneonsif- 
NsjCO,, aqueonsx HjSO, and three times with water, it 
was then dried over anhydrous Na^O,, the latter fdtered 
off, and the solution evaporated to dryness 

39 2 
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Isolation of -p toluidine F sulphate 

The ‘irater msoluble’ fraction (19 4g) from 2701 late 
pregnancy nrme was submitted to tbe ‘98% acetone’ 
treatment (Klyne et cd 1948) nsmg 1 x 100, 7 x 200, 
3 X 100 ml Suctions Tbe acetone solutions yielded no sobd 
on coolmg, but on beatmg without concentration gave 
orystallme precipitates, Fraction B (1090 mg ), wbiob did 
not redissolve on coobng and were filtered off 

Tbe ‘-water insoluble’ fruction (9 9 g ) from another batch 
of late pregnancy nrme (630 L) was submitted to the ‘98% 
acetone’ treatment (1 x 60, 8 x 100, 3 x 60 ml fractions) In 
this case the acetone solntionB yielded on cooling to room 
-temperature some dirty- white amorphous matenal (360 mg ) 
from which no pure compound could be obtamed. The 
filtrates from this matenal on standmg at 0° gave a onsp 
white amorphous sohd. Fraction A (360 mg ) After this 
fruction had been removed by filtration the mother hquors 
were heated -without concentration, but no Fraction B 
separated. 

The above Fractiona A and B (crude potassium T sul 
phate), on treatment -with p tolmdme hydrochlonde m 
aqueous solution as descnbed for Z sulphate (Klyne et al 
1948), yielded fardy pure p toluidine 7 sulphate, which 
when recrystalhzed from water formed very fine white 
needles, m p 181-183° (deoomp ), [a]“ -fl61±0 3° m 
ethanol (o, 3 0) (Found C, 66 6, 66 1 , H, 9 1, 9 0, N, 2 8, S, 
6 4, eqmvalent, 621, 622 [CuHajOSOJ- [CHj NHs]+ 
requires C, 66 2, H, 8 9, N, 2 8, S, 6 3%, eqmvalent 607 ) 

Compound Y 

p Tolmdme 7 sulphate -was hydrolyzed by hot K HCl as 
descnbed for Z sulphate (Klyne et al 1948), except that 
1 hr heatmg at 100° gave a bettor yield than 2 hr heatmg 
(88 as against 67 %) Compound 7 after repeated crystal 
hzation from ethanol (2 vol ) -water (1 voL) formed needles, 
m p 211-213°, subliming at 180°/0 06-0 1 mm , [a]“ 
+3 7±0 8° m ethanol (c, 1 8) (Found C, 78 3, 77 9, H, 
114,112 CnHs,0, requires C, 78 7, H, 11 3% ) 

Compound 7 (12 mg ) was treated -with acetic anhydnde 
(2 ml ) and pyndme (2 ml ) for 12 hr at 16-20° The pro 
duct, F diacetate, after the usual workmg up and recrystal 
hzation fiem aqueous methanol formed ghsterung plates, 
m p 169 6-160 6°, subhmmg at 190°/0 1 mm , [a]],® - 30 4 
±0 7° m chloroform (c, 1 4), [u]^ -29 6±1 1° m ethanol 
(c, 1 0) (Found C, 74 0, 74 4, H, 10 2, 10 1 C„H«o 04 
requires C, 74 2, H, 10 0% ) 


1948 

addmg a few drops of ethanol and the mixture dduted -with 
ether The usual workmg up gave 7 ketone, which after 
crystallization fiem ethanol water (2 1) formed plates, 
m p 171-173°, subhmmg at 130°/2 x lO-* mm , [a]“ 
-21 3±0 9° m chloroform (c, 1 2) (Found C, 79 4, 79 4, 
H, 10 2, 10 0 CjjHsjOj requires C, 79 7, H, 10 2% ) 

7 ketone (4 6 mg ) m ethanol (6 ml ) was treated -with 
semicirbazide hydrochlonde (3 2 mg ) and hydrated sodium 
acetate (4 6 mg ) m water (0 6 ml ), and allowed to stand at 
16-20° After 18 hr more senucarbazide hydrochlonde 
(6 4 mg ) and hydrated sodinm acetate (10 0 mg ) were 
added. After 3 days most of the ethanol was e-vaporated 
and the setntcarbazone was precipitated -with water, filtered, 
-washed and dned. After recrystaUization from ethanol it 
formed a white powder, m p 217-221° -with bro-wning, after 
softening 208-216° (Found N, 12 1 Cj.HjjOiNj (mono 
semicarbazone) requires N, 11 1 CjjHjjOsN, (disemicarb 
azone) requires if, 19 6% ) 

Olemmensen reduction of Y ketone 

7 ketone (6 0 mg ) -was dissolved m glacial acetic acid 
(2 6 ml ) and cone HCl (2 6 ml ) Amalgamated zmo wool 
(1 g ) -was added, and the mixture was refluxed for 7 hr , 

1 ml of a mixture of glacial acetic acid and cone HCl (1 1) 
bemg added after each hour The reaction mixture was 
diluted -with hexane, and the usual working up gave a white 
sohd (4 0 mg , m p not less than 90°) This matenal was 
chromatographed on AliOj (activity II, Brookmann 
Sohodder, 1941), pentane eluted 3 mg of a product which 
melted at 110-116° after softemng from 103°, and reoiystal 
hzed m long pnsms on coolmg to 109° RecrystaUization 
firom acetone (c 1 mL) gave ‘ 7 hydrocarbon', ghstemng 
leaflets, m p 122-124° after softening at 116° (recrystaUized 
partly on coolmg to 123°) (Found C, 84 4, H, 14 8 
OdHjj requires C, 87 4, H, 12 6% ) (This analysis was 
earned out on 1 8 mg of substance m the Chenustry De 
paxtment, Umversity of Glasgow ) 

DISCUSSION 

Companson of the properties of compound F and 
its derivatives -with those reported by Marker, 
Rohrmann & Wittle (1938) for uranediol and its 
derivatives mdica-tes that the two senes of com 
pounds are almost certainly identical (see Table 1), 
although the present author has been unable to obtam 
samples of bicker’s matenals for direct companson 


Table 1 Comparison of compound Y and its denvatwes vnth urane compounds 


Hiol, C2 iH 34(OH)2 
Dioldiacetate, CjiHs4(0 CO CH 3 )j 
K etone, CnHjjO, 

Ketone sermcarbazone, CjjHjjOfN NH CO NBlj) 
Hydrocarbon, CnHjj (J) 


y senes 

Urane senes. 
Marker . 

(mp ) 

(m p (uncorr )) 

211-213° 

210° 

169 6-160 6° 

160° 

171-173° 

177 6° 

217-221° 

246° 

122-124° 

to 

CO 

0 


F ketone 

Compound 7 (24 mg ), dissol-vcd m glacial acetic acid 
(7 0 ml ), -was treated -with a solution of CrO, (16 mg =3 
atoms oxygen) m 98% acetic acid (1 2 ml ) and aUowed to 
stand for 18 hn at 16-20° Excess CrO, -was reduced by 


The only connexion between the urane senes and 
compounds of kno-vvn structure is a supposed trans- 
formation of uranetnone mto pregnane-3 20 dione 
and uranedione reported by Marker, Kamm, Oak- 
wood, Wittle & Lawson (1938) (see also Parke, 
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Davies and Co 1040, Marker, 1941a) The trams 
formation mvolved six stages, no intermediates 
vere purified, and the final yield of pregnanedione 
was c 5 % The author feels that httle weight can 
be given to such evidence and that the uranetnol, 
firom which the uranetnone was ongmally made, may 
have been contaminated with a httle pregnanediol 
Marker, Kamm, Oakwood, Wittle & Lawson 
(1938) suggested that urane was epunenc with preg 
none at Cj , and that uranetnone was 9 wopregnane 
3 11 20 tnone (I) They ongmaUy suggested that 
uranedione was the 3 20 diketone, but later Marker, 

CO CHj 



(I) 

Rohrtaatan & Wittle ^1938) formulated it as the 
' 3 11 diketone (II) The partial transformation of 
uranetnone mto pregnane 3 20 dione was thought 
to mvolve epimenzation at C;,, at some stage (see also 
Marker, Wittle & Oakwood, 1938) 

No evidence for or against a 9 wo structure for 
urane is available either from Marker’s or from the 
present work, and the only evidence m favour of an 
11 keto group m uranedione {Y ketone) and urane 
tnone is the mertness of one keto group m these 
compounds Marker’s suggested 11 keto-9 wo struc 
ture for these compounds is probably moorreot 
Such a structure would be of cw a decalone type, 
and would be isomerized by heatmg with acid to the 
correspondmg trans a decalone type (cf coprostane 
3 6 dione, which gives with acid cholestane 3 6 
dione, Butenandt, Schramm & Kudszus, 1937), 
however, uranetnone (Marker, Kamm, Oakwood, 
Wittle & Lawson 1938) and Y ketone are stable to 
acid Tlie stabihty of these ketones to acid also 
excludes the jiossibdity of a 14 n 17 wo-20 keto 
structure, smce such compounds are isomenzed by 
acid to the correspondmg 14 n 17 n compounds 
(Butenandt, Sclimidt-Thom(5 Paul, 1939 , Shoppee, 
1940, Shoppee & Reiehstem, 1940) 


If ‘ urane ’ is a saturated Cji steroid hydrocarbon it 
IS certainly different from any known compound 
Shoppee (1944) gave a hst of Oji hydrocarbons 
known at that date His diginane is now knovm to 
be 6 alio 14 wo 17-wopregnane (Press & Reiehstem, 
1947), 6 n 14 wo 17 wopregnane has also been 
made (Meyer, 1947) The possibihty that ‘urane’ is 
a Cto or Cij hydrocarbon should be considered, smce 
analytical figures for compounds of these senes do 
not differ greatly from those for the series 

The constitution of ‘urane’ will be mvestigated 
further when more material is available 



(H) 

SUMMARY 

1 A new orgamc sulphate has been isolated from 
pregnant mares’ urme os its p-tolmdme salt, which 
on acid hydrolysis yields compound Y, 
apparently identical with uranediol 

2 The reactions of compound Y have been 
studied 

3 Previous views on the structure of urane com- 
pounds are discussed 

V 
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The Steroids of Pregnant Mares’ Urine 

3 ISOLATION OF ALLOPREaNAN-3(|9)-OL-20-ONE SULPHATE* 

By j Y F PATERSON aot W KLYNE,'\ Depariryieni of Btochemtatry, University of Edinburgh 

{Received 27 May 1948) v 


oZZoPregnan-3(^)-ol-20 one has been isolated from 
pregnant mares’ urme after hydrolysis by Marker, 
Lawson, Wittle & Crooks (1938), by Heard & McKay 
(1939), and by Oppenauer (1941) The present paper 
deaonbes the isolation of this compound as its sul 
phate 

RESULTS 

Pregnant mares’ urme was extracted by the method 
described m Part 1 of this senes (Klyne, Schachter & 
Marrian, 1948), and the crude conjugates obtamed 
as potassium salts m certain ‘ 98 % acetone mother 
hquors ’ and ‘ 98 % acetone sohds ’ were treated m 
aqueous solution with the hydrochlondes of vanous 
orgamc bases m an attempt to obtam crystaUme 
denvatives The hydrochlondes used, which have 
been employed for the characterization of carboxyho 
and Bulphomc acids and have also been found to 
give crystahme salts with simple organic sulphates 
(Barton & Young, 1943, Kdyne, unpubhshed obser- 
vations), were as follows p toluidme, benzylamme, 
)3-phenylethylanime and cyclohexylamme hydro- 
ohlondes, piperazme dihydrochlonde and iS-benzyl 
iji thiouromum chlonde Piperazme dihydrochlonde 
gave with the potassium salts of the crude conju- 
gates a crystalhne salt [Cj^HgaO [C^HigNj]''"^, 

piperazine X sulphate 

This sulphate on acid hydrolysis gave a product 
{compound X), which, after purification as the 

* For a prelimmary aoooimt of this work see Paterson & 
Klyne (1948) 

f Present address Postgraduate Medical School, 
London W 12 


acetate, was shown to be identical with oRopregnan- 
3()S) 0 I- 2 O one Authentic aRopregnan- 3 (j 3 ) ol 20- 
one was converted mto its sulphate (pyndine salt) 
by treatment with pyndme sulphur trioxide (cf 
Sobel & Spoem, 1941), and the pyndme salt trans- 
formed mto the piperazme salt This synthetic piper- 
azine eMopregnanolone sulphate and the piperazme X 
sulphate from mares’ urme had identical meltmg 
' pomts and mixed meltmg pomt However, analysis 
showed that the synthetic sulphate contamed 2 
molecules of water of crystaUrzation even after 
drymg in vacuo at 80° for 6 hr , while the mares’ 
urme sulphate was anhydrous after drying for 1 hr 
m the same conditions Each sample had been 
crystallized from ethanol water, and no explanation 
of the difference m composition can be given 

EXPERIMENTAL 

MeUtng points These are corrected (see Klyne, 1948) 
Micro-analyses These are by Dr J W Minma 
Specific rotations See Klyne d al (1948) 

‘ Usual tvorking up ’ See Klyne (1948) 

Ghromatograms These were earned out with A1,0,, 
supplied by Peter Spence and Co Ltd., Widnes (Grade H, 
100-200 mesh), the activity hemg detenmned accordmg to 
Brookmann & Schodder (1941) The proportions used were 
as follows material to be fractionated, 1 g , AljOg, 30 g , 
eluent (each fraction), 100 ml In all oases the height of the 
AljOj column was 1-1 6 times its diameter The proportions 
of mixed solvents are given as % (v/v) 

Isolation of X sulphate {dhopregnan 3{fi)-ol 20 one std 
phate) as piperazme salt Late pregnancy urme (630 1 ) was 
extracted by the procedure previously desenbed (Klyne 
ei al 1948) and the ‘water insoluble’ traction submitted to- 
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9S% acetone extraction The acetone solutions ftom -which 
potassium 7 sulphate had been removed (see Klyne, 1948) 
were concentrated to a small volume and cooled, when 
amorphous sohd, ‘jFraction O’, separated This -was filtered 
off and the mother hquors evaporated to dryness, giving a 
hght-brown sohd (2 6 g ) This material diMolved m the 
minimum volume of hot -wa-ter was treated -with piperazme 
dihydrochlonde (1 2 g ), dissolved in the minimum volume 
of water The light-broivn precipitate which formed was 
reorystallized fitom water containing 10% (v/v) ethanol, 
givmg 1 0 g of a product, m p 232-234° (deoomp ) further 
reciystslhzed three times from the same solvent, piperazine 
X sulphite formed small plates -with m p constant at 230- 
241° (decomp ) A further quantity of the same compound 
■was similarly obtamed from the amoiphous ‘98% acetone 
Bohds, Fraction O’, mentioned abo-ve 
The salt was moderately soluble m water and rather more 
soluble in ethanol (Found (after drymg tn vacua at 80° for 
Ihr) C, 63 2, H, 8 9, N, 3 2, S, 7 7 [CjiH„0 SOJ," 
[C*HuN,T++ requires C, 62 6, H, 8 9, N, 3 2, S, 7 3% ) 
Compound X and X acetate Piperazme X sulphate 
(360 mg ) -was dissolved in hot water (600 ml ) and ethanol 
(60 mh), and cone HCl (60 ml ) was added. The mixture 
was heated at 100° for 2 hr , cooled, and extracted with 
ether (1 X 300 ml , 3 x 160 ml ), the usual working np gave 


aqueous methanol, followed by another sublimation it had 
rtup 137-140° A acetate gave no coloration with tetra 
mtromethane, but gave a purple coloration m the Zimmer- 
mann ketosteroid test With digitonin m 90% (v/v) 
ethanol a ppt was slowly formed (of oHopregnan 3(^) ol 20 
one acetate, Butenandt Mamoh, 1936) (Found C, 76 7, 
77 0, H, 9 8, 10 2 Calc for CuH„0, C. 76 6, H, 101%) 
More X acetate -was prepared from another sample of 
piperazme X sulphate, which had been obtamed firom the 
‘08% acetone sohds. Fraction O’, from the same batch of 
nrme The purification was similar to that described above, 
except -that the crude fine hydroxy compound was also 
submitted to a Girard separation 

Hydrolysis of X acetate X acetate (18 mg ) m methanol 
(2 ml ) mixed -with a solution of KHCO3 (10 mg ) m water 
(1 mb) was refluxed for 1 6 hr After coohng the mixture 
was extracted with ether (100 ml ) and worked up as usual 
The product, crystallized finm benzene hexane, gave com 
pound X (8 mg ), short rods, m p 190-194°, subhmmg at 
140-160°/6 X 10-* mm (Found C, 78 7, H, 10 0 Calc for 
CjiHjiO. C, 79 2, H, 10 8% ) The properties of X and its 
acetate are compared with those of authentic oHopregnan 
3((3) ol 20 one and its acetate (prepared by catalyho hydro 
genation of pregn.5 en 3(j3) ol 20 one acetate (Plattner, 
Heusser A Angliker, 1946)) m Table 1 


Table 1 Companeon of compound X and allqprepnan-3(^)-ol 20 one 


\ Hydroxy compound 

X 

olloPregnanolone 

Mp 

blixed m p 

192-196° 

~ 190-193° 

188-191° 

[a:]!*’ in chloroform (c, 1 0) 

-489 7°±12° 

-f92 9°±0 7° 

Acetate 

MLp 

Mixed m.p 

137-140° 

138-140° 

137-139° 

m chloroform (c, 1 0) 

+ 72 1°±0 8° 

-470 9°±0 6° 

Piperazme salt of sulphate 

M p (deoomp ) 

Mixed m p (deoomp ) 

239-241° 

239-241° 

239-242° 

Barton A Ckix (1948) give the following values ollopremanolone, m p 
, 1) acetate, m p 143 5-144 5° (uncorr ), [«% -)-77° m chloroform (c, 1) 

194-195° (nnoorr), [a%-496° m chloroform 


181 mg product Chromatography of this material on 
AljOj (activity I-U) foiled to yield any fraction of sharp 
m p The bulk of the material (130 mg ), which -was eluted 
with benzene-ether mixtures, -was recombmed, dissolved m 
90 % ethanol (6 mi ) and treated -with digitomn (600 mg ) m 
90% ethanol (6 ml ) The precipitate was centnfnged, 
washed t-mce with 00 % ethanol and dried (630 mg ) , it was 
then dissolved m dry pyridme (10 ml ) and the solution 
diluted with dry other (100 ml ), yielding a ppt which was 
centrifuged and washed tmee with ether, the ethereal 
solution and washings after thorough washmg with dilute 
acid and the usual uorking up ga\e the digitomn precipit- 
ablo fraction (105 mg ) This fraction on acetylation (acetic 
anhj dndo (5 ml ), pyndme (6 ml ), 18 hr at 15-20°, usual 
working up) gave a colourless od (120 mg ), which was 
chromatographed (A1.0„ activity 11) Most of the matenal 
was eluted with hexane benzene (90 lOnndSO 20)mixtures 
These fractions, -R-hich had similar meltmg pomts, were 
comhmed and rccrystaVhzcd from methanol water (2 1, 
v/v) gi\-mg X acetate (24 mg ), m p 124-130° After sub’ 
hmation at 120°/4 x 10-» mm . reciystallmition from 


Preparation of piperazine eXioprtgnan 3()5)-oi-20 one sul 
phate affoPregnan 3()3)-ol 20 one (320 mg ) in dry benzene 
(14 ml ) was mixed with pyndme sulphur tnoxide reagent 
(320 mg) (Banmgarten, 1926, Baumgarten A Marggraff, 
'1931) and heated at 100° for 1 6 hr After coohng, light 
petroleum (b p 60-80°, 140 ml) was added and the mixture 
kept at 0° for 1 hr The white sohd which separated was 
centrifuged and washed twice with small quantities of hght 
Xictrolenm The sohd was then extracted six tunes -with 
small quantities of -warm CRCl, which, when filtered and 
evaporated, yielded a whitish sohd This was taken up m 
CHCij, and hexane (approx. 1 6 voL) added. On coohng at 
(P pyndme aWopreynanolone sulphate was obtamed as small 
rods, 195 mg , m p 183-187° (decomp ) This pyndme salt 
(17 mg ) was dissolved m the mimmnm volume of water and 
treated with piperazme dibydrochlonde (9 mg ) in the 
mmimnm volume of water The precipitate which formed 
was recrystallized twice from water containing 10% (v/v) 
et^nol to give piperazme allopregnan-SiP) ol 20-one sul- 
phate (9 mg), mp 239-241° (decomp } (Found (after 
drymg tn vacuo at 80° for 6 hr ) 0,60 3,60-1 H, 8 6 8 6 
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N, 3 0, 3 0, S. 0 8 [0^H„0 SO,-], 2H,0 

requires C, 60 1, H, 9 0, N, 3 1, S, 7 1 SO,-]j 

[C,HiiNJ requires C, 62 0, H, 8 9, N, 3 2, S, 7 3% ) For 
companson with piperazine X sulphate, see Table 1 

SUMMARY 

aWoPregnan 3(^) ol 20 one sulphate has been iso 
lated from pregnant mares’ urme and identified as 
its piperazme salt 
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Carbon Dioxide Fixation in Animal Tissues 

By j R stern (Fellow m the Medical Sciences, National Research Cotmcil, Washmgton), 
Medical Research Council Unit for Research in Cell Metabolism, Departmerit of Biochemistry, 

University of Sheffield 

^Received 12 May 1948) 


It IS now firmly established that carbon dioxide can 
be mcorporated mto organic compounds by animal 
tissues Two primary reactions are known, viz 

(1) Pyruvate + CO, ->-oxa]oacetate (Wood & Workman, 

1940) 

(2) a Ketoglntarate + CO, oxalosucomate (Ochoa, 1946) 

Previous work on COj fixation was concerned 
mainly with estabhshmg its existence and studymg 
the enzyimc mechanisms mvolved, information on 
the rates of reactions (1) and (2) m animal tissues 
has remamed scanty The work reported m this 
paper was undertaken in order to collect data on the 
rates of these two reactions m various animal tissues 
and to assess their quantitative significance m 
metabolism 

MRTHODS 

Owmg to the mstabihty and reactivity oftheimtial products 
the measurement of the rates of reaotionB (1) and (2) offers 
great experimental difficulties Direct detenmnation of 
oxaloacetate or of oxalosucomate would not mdicate the 
extent of reactions (1) or (2) because these compounds 


undergo rapid secondary changes Oxaloaoetate. yields 
fnmarate, malate, suoomate, citrate and a ketoglntarate, 
oxalosucomate yields wocitrate, cisacomtato and citrate 
These substances can arise under aerobic as well as an 
aerobic conditions 

Reaction (1) was exa min ed m two ways First, the sum of 
a ketoglntarate and sucomate formed on anaerobic monba 
tion with pyruvate and CO, was determined Data pub 
lished by Krebs, Eggleston, Klemzeller & Smyth (1940), on 
the anaerobic products formed from oxaloaoetate m various 
tissues, showed that the sum of sucomate plus a ketoglu 
tarate formed was fairly constant, amounting to 16-26 % of 
the oxaloaoetate utdized The other products showed much 
greater vanation The sum of sucomate plus a ketoglutarate 
formed, therefore, may be taken to represent approxi 
mately one fifth of the CO, fixed by reaction (1) 

A second mdireot method of studymg the rate of reaction 
(1), apphcable m 0, only, is based on the fact that the 
oxidation of sucomate is largely prevented by the addition 
of malonate The mteixuption of the tnoarboxyho acid cycle 
at the stage of sucomate causes the bulk of the di and tn 
oarboxyho acids to accumulate as sucomate provided the 
rate of respiration is somewhat greater than that of the 
carboxylation of pyruvate The amount of sucomate found 
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on addition of nialonnlo nlono is thus an indicator of tho 
total di and tn cnrbowho acids in Iho tissue, and tho in 
crease found on addition of pyruvate ninj bo ascribed to 
carbovylation 

For the study of reaction (2) it was decided to incubate 
tissues anacrobicnllj mlh tt ketoglutamto and to nieasuro 
the formation of citrate If one assumes that all the ovalo 
sacemato formed through reaction (2) is reduced to no 
citrate, then S9% of it would apiwar as citrate m the 
presence of acomtase As it is possible that secondnrj ro 
actions of citrate mav occur, the rate of (2) maj bo greater 
than the amount of citrate formed indicates On tho other 
hand, citrate can be formed under some conditions by other 
mechanisms, but these were probably quantitatiiely m 
significant except when oxaloacetato w as present Anaerobic 
conditions were chosen in order to exclude the formation of 
citrate by tho oxidative reactions of tho tncnrboxylio acid 
cycle * 

EXPERBIENTAL 

The expenments were earned out on mmeed or homogenized 
material Pigeon, rat and gmnea pig brams were homo 
genizcd m a stainless steel homogcmzcr similar to tho glass 
apparatus of Potter A Elvehjem (1030) Pigeon h\cr was 
minced in tho Fischer apparatus (Fischer, 1925), other 
tissues m tho Latapie null Tho mmeed tissue was sus 
pended m sahno medium m the proportion 1 part of tissue 
plus 0 5 parts of medium, unless othcrwiso stated Tho 
following media were used 

(1) Phosphate salme pH 7 4 (Krebs i, Eggleston, 1040a), 
with Kj or Oj 

(2) Phosphate sahno bioarbonttte, prepared by adding 
16 mL of 1 3% NaHCOj to 100 ml of medium (1) Gas 
6% COj in Nj or 0. The final bicarbonate concentration 
was 0 0214 m, and when equdibrated with the gas mixture 
the pH of this medium was approximately 7 4 

To prepare a boded yeast extract a suspension of 1 g of 
dned baker’s yeast in lO ml of water was placed in a 
boilmg water bath for 10 mm and then filtered. Boiled 
musole extract was simdarly prepared from a mixture of 
1 part of mmeed pgeon breast muscle and 1 part of phos 
phate salme 

Tissue suspension (3 ml ) was pipetted mto the mam 
compartment of a Warburg onp Ftoher additions (sub 
strates, mhibitors, buffer or water) amountmg to 1 ml were 
placed m the side arm, so that upon mixmg the final sus 
pension oontamed 1 part of tissue m 10 parts of suspension 
In anaerobic expenments a stick of yellow phosphorus was 
placed m the centre well The contents of the side arm wore 
mixed with those of the mam compartment immediately 
before placmg the manometers m the water bath at 40° At 
the end of the monbation penod the manometers were 
removed fixim the bath, the cups detached, placed m iced 
water, and I ml of 2 n HCl was added to the suspensions to 
stop the reaction 

For the determination of the sum of sueemate and a 
ketoglutarate, the acidified tissue suspension was depro 
teiniied with tungstic acid Sueemate and the sum of 
sueemate plus a ketoglutarate were detemimed by the pro 
, cedure of Krebs & Eggleston (1945) m the earlier expen 
ments later, when it was realized that glutamate mterfered, 
a modified method (Krebs & Eggleston, 1948) was used! 
Glutamio acid was determmed according to Gale (1945) It 
represented the sum of glutamic aoid plus glutamme For 


tho dctcrmuiation of citrate tho contents of tho cup were 
washed mtli water into n 60 ml moasunng hndcr, ddutod 
to 45 ml and muxed inth 5 ml of 20% motnphosphono 
aoid A measured part of tho clear filtrate of this BusiamBion 
was used for tho citrate determinations Citno aoid was 
determined colonmotncally in tho manner dcaonbod by 
Ktebs L Eggleston (1944) using a Spokker absorptiomoter 
and a no 0 filter 

For purposes of calculation tho dry weight was taken to 
bo 30% of tbe wet weight m tho case of liver and 20% for 
other tissues 

RESULTS 

Artacrobtc formaitoyi of succinate and a kcio 

glularalc tn presence of pyruvate , 

Vnnous tissues of tho pigeon (hvor, brain), rat (hv or, 
kidnoy cortex, skolotal rausolo), guinea pig (hvor, 
brain), and sheep (hvor, kidney cortex, heart, brain, 
spleen, pancreas and lung) wore oxainined Only in 
pigoon liver, vvlucli is already known to convert 
pyruvate mto sueemate and a ketoglutarate, was on 
mcroosed yield of these substances observed As 
the experiments on other tissues gave essentially 
negative results they will only bo summarily re- 
ported In tbe first experiments all tissues appeared 
to contam mitially some ‘sucomato plus ot keto- 
glutarato’ (26-160 mg /lOO g wot wt , expressed as 
suocmic acid) On anaorobio moubation without 
addition of pyruvmte (40 mm at 40°), these dicarb- 
oxyho acids mcreosed by 20-60 mg /lOO g m all 
tissues tested save rat muscle and sheep lung 
Addition of pjwuvate (0 02 m) did not result in any 
further mcrease m these dicarboxyhc acids, except 
in pigeon liver 

At this stage of tlie mvestigation it was realized 
that glutamic acid mterfered with the determination 
of a ketoglutarate and sueemate by also yieldmg 
sueemate on treatment with permanganate, and 
some of the above experiments were then repeated 
with the modified method avoidmg this source of 
error (Krebs & Eggleston, 1948) With tins method 
400 mg of firesh avian or mammalian tissue yielded 
no detectable amounts of succinate or a keto- 
glutarate (i e less than 0 06 mg ) and Gale’s (1946) 
method showed that they oontamed 0 4r-l 3 mg of 
glutarmc acid Further, on anaerobic mcubation of 
mammahan tissues at 40° (pH 7 4, no substrate 
added, 40 mm ) the amount of glutamic acid m- 
creased by 60% or more, possibly as a result of 
hydrolysis of proteins or peptides, whilst httle or no 
succmio eeid ( < 0 06 mg ) and no a-ketoglutanc acid 
was formed It must, therefore, be conoluded that 
the succmio acid found m the earher expenments had 
arisen firom glutamic aoid by oxidation with per 
manganate 

The above results do not contradict those of 
Moyle (1924) who found that succmic acid was 
present in muscle and mcreased on anaerobic m- 
oubation, for the amounts she reported would not bo 



618 


J B, STERN 


1948 


measurable by the procedme employed m the present 
work 

In confirmation of previous work it was found that 
succmate and a-ketoglutarate were formed by pigeon 
fiver on anaerobic mcubation m the absence of 
pyruvate, and that addition of pyruvate (0 02— 
0 04m) mcreased the yields In contrast to mam- 
mahan tissues, no change occurred m the mitial 
glutamic acid concentration of pigeon fiver on 
aneierobic mcubation without pyruvate In Table 1 

Table 1 Anaerobic synthesis of succinate plus 
a-ketoglutarate in pigeon liver 

(400 mg firesh fiver m 4 ml suspeoHion refers 

to the mcrease m the sum of auoomate and a ketoglutarate 
during mcubation The initial value of the sum was 
76 /d./400 mg ) 



Incubation 

time 

Vgacda&ie 




No 

0 04 m ' 

Gas 

(mm ) 

pyruvate 

pyruvate 

6% CO.mN, 

20 

2 1 

38 


40 

14 

2 1 

6% CO. m 0, 

20 

26 

63 

40 

1 8 

60 


the rates of formation of succmate plus «-keto 
glutarate by pigeon fiver are given m terms of the 
metabolic quotient Q (/d /mg dry wt /fir ) These 
rates are comparable m magmtude to those reported 
earlier firom this laboratory (Evans, 1940, Krebs & 
Eggleston, 19406) On the assumption that anaero- 
bically 20% of the total oxaloacetate formed by 
reaction (1) was converted to succmate plus a keto 
glutarate, the imtial rate of reaction (1) was 19 m the 
presence of pjrruvate and m N, In aU the other 
tissues exammed, where no formation of succmate 
plus a-ketoglutarate was detectable on addition of 
pyruvate (1 e less than 0 06 mg was present m 
400 mg wet tissue after 40 mm mcubation), the rate 
of reaction (1) m terms of have 

been below 1 

Tlie malonate techmque was apphed to the same 
tissues Addition of 0 02M:pvTmvate to tissues sus 
pended m a salme medium contammg 0 01 m- 
malonate did not mcrease the yield of succmate or of 
a-ketoglutarate beyond that obtamed with malonate 
alone except m pigeon fiver and sheep kidney cortex 
lii the latter tissue varied between O and I O 

(average Q = O 6 for five experiments) with malonate 
alone and was mcreased by addition of pyruvate to 
values between 0 6 and 3 0 (average Q=1 7 for five 
experiments) In pigeon fiver Evans (1940) found 
a of 2 7 m the presence of O 026M-malonate 

and of 8 7 with malonate and 0 03M-pyruvate With 
the revised techmque for determmation of succmate 
and a-ketoglutarate, similar values were obtamed 
was 4 7 with malonate and 7 4withmalonate 
and pyruvate (10 mm mcubation) With regard to 


the mterpretation of these figures it is relevant that 
the aerobic conversion of oxaloacetate into succmate 
reqmres three oxygen atoms As the Qo, of pigeon 
fiver m the presence of pyruvate is about — 18 the 
maximum value for to be expected by 

aerobic reactions is about 12 Additional succmate 
and a-ketoglutarate, as already discussed, can be 
formed by anaerobic reactions, but it is clear that if 
the rate of carboxylation of pyruvate, m terms of 
^onjoowtito > ^ about 12 or more, only part of the 
oxaloacetate will be converted mto succmate The 
yield of succmate m the malonate experiments is 
thus not mcompatible with a of 19 m 

pigeon fiver, computed from other experiments 


Anaerobic formation of citrate in presence of 
a ketoglutarate 

(a) Piyeon liver 


1 Oitrate synthesis Table 2 shows the amounts of 
citrate formed by m mced pigeon fiver suspensions 
upon anaerobic mcubation with various substrates 


I 

Table 2 Anaerobic citrate synthesis from a ksto- 
glutarate and other substrates in pngeon liver 


(400 mg fresh tissue m 4 ml suspension Incubation 
penod 12 mm Phosphate salme bicarbonate (0 02 m) 
medium, 5% COj m Nj ) ^ 

Citrate formed 

Exp Additions (jiL) 


1 None 

0 04M-a Ketoglutarate 

2 None 

0 04 m a-Ketoglutarate 
0 02 m Pyruvate 

3 O 02M-a Ketoglutarate 

0 02u Oxaloacetate 

0 02 m Oxaloacetate, 

0 02u pyruvate 


~0 

91 

~0 

02 

23 

72 

124 

206 


Pyruvate and oxaloacetate both alone and m com- 
bmation yielded citrate, confirming the results of 
Krebs & Eggleston (19406) and of Evans (1940) ' 

Amounts of citrate of sunilar magmtude were also 
formed on addition of a ketoglutarate In ten 
separate experiments Qcumio varied from 2 4 to 4 1 
(average 3 8) when the mcubation period was 12mm 
Other substrates such as L lactate, l glutamate, 
fumarate, succmate, acetoacetate and p hydroxy- 
biltyrate (aU 0 02m final concentration) did not form 
measurable amounts of citrate, 1 e less than 20 pi / 

120 mg dry fiver 

2 Time course of citrate synthesis from a keto 
glutarate Table 3 demonstrates the tune course of 
the citrate formation from added a-ketoglutarate 
The mitial rate was very rapid (Qciteit«= 30), but 
the reaction quickly came to a standstill, the 
maximum yield of citrate was obtamed withm 

6 Tnin 
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Tablo 3 Ttmc course of citrate synthesis from 
a. kctoglntaratc \n pigeon liver 

(0 02M-a Kctoglutarnte Other conditions ns m Tnblo 2 ) 


Time 
(mm ) 

Citrate formed 
(id) 


1 

GO 

30 

o 

82 

— 

4 

95 

— 

12 

98 

— 


3 Effect of a ketogJutarate concentration Tho 
amount of citrato formod mcroaaod nhon tho con 
centration of a kotoglutamto n as raised from 0 006 
to 0 02 11 (Table 4) Increasmg the concentration 
beyond 0 02ii did not raise tho juold of citrate 


Table 4 Effect of a kctoglutaratc concentration on 
citrate synthesis tn pigeon liver 


(Conditions ns in Tnblo 2 ) 


a Ketoglntamto 

(M) 

0 005 
0 01 
0 02 
004 


Citrate formed 
(;il) 

33 

67 

02 

94 


m tho blood plasma Throe exjionmonts performed 
m phosphate salmo medium and m on atmosphere 
ofmtrogon mthout carbon dioxide with alkali m the 
centre well to absorb carbon dioxide, yielded small, 
just measurable, amounts of citrate m each ease 
(30 ±6 pi) It nos impossible to exclude carbon 
^oxido rigorously under those conditions, because of 
its constant production from a ketoglutorato by tho 
tissue suspension 

6 Effect of pH of medium Tho pH was \ ariod by 
changmg tho carbon dioxide content of tho gas 
mixtures Thus, m addition to changes m pH, tho 
concentration of free carbon dioxide varied, while 
that of bicarbonate romamed constant The data of 
Table C show that citrate formation mcreasod when 
pHfollfrom? 73to6 06 It was tho same at pH 7 73 
and 8 04 

6 Effect of various substrates Representative 
effects of various substrates on the anaerobic citrate 
formation from a ketoglutarate are shown m Table 7 
Acetoacetate, ^-hydroxybutyrate, and succinate 
(each m 0 02m concentration) mliibitod citrato 
formation about 30%, 0 02 m*l lactate caused an 
inhibition of 60 % and 0 02M-pyruvate was without 
effect 


Table 6 Effect of bicarbonate (or carbon dioxide) concentration on citrate synthesis 

in pigeon liver 


(Except for CO, and bicarbonate concentration, conditions ns m Table 2 ) 


Citrate formed with enbatrates (/d ) 

r- * \ 

0 02M-a Reto 


Gas 

Bicarbonate 

pH 

0 02M-ct Keto 

(%CO,mN,) 

(M) 

(oalo ) 

glutorate 

0 

0 0019 

7 40 

20 

2 14 

0 0105 

7-42 

37 

4 62 

0 0217 

7 41 

66 

10 

0 0691 

746 

87 


glutarato + 

0 02m fumanite 

41 

113 

143 

162 


4 Effect of bicarbonate and carbon dioxide cancen 
tnUton In the foUowmg experiments the concen- 
trations of bicarbonate and of carbon dioxide were 
varied m about the same proportions so that the pH 
remamed approximately constant Vanous amounts 
of 1 3 % bicarbonate solution were added to a sus 
pension of mmced hver m phosphate sabne medium 
and the gas spaces of the vessels were filled with a 
corresponding mixture of carbon dioxide m mtrogen 
The actual bicarbonate concentration of the final 
tissue suspension was determmed experimentally m 
each mstance on a dupheate sample The amoimt of 
citrate formed rose as the concentration of bicar 
honate mcreased firom 0 002 to 0 06 m (Table 6) 
Tho optimum concentration of bicarbonate appeared 
to be rather higher than 0 02m:, the concentration 
employed routmely m other experiments because 
this IB the approximate concentration of bioarhonste 


Table 6 Effect of pH on citrate synthesis in 
pigeon liver 


(0 02 m Bioorbonate Other conditions as in Table 2 ) 


Gas • 
(%CO,mN,) 
106 
2 14 
4 62 
12 8 


pH 

Citrate formed 

(caio ) 

(/d) 

804 

61 

7 73 

GO 

740 

98 

6 95 

112 


Ammomum chloride (O 02 m) completely abolished 
citrate formation a Ketoglutorato and ammoma 
are known to form glutamic acid under the con- 
ditions of the present experunents and this reaction 
can be coupled with tho conversion of citrate mto 
a-ketoglutarate (Adler, von Euler, Gunther & Plass, 
1939, Krebs, Eggleston & Hems, 1047) The effect 
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Table 7 Effect of various substrates on citrate 
synthesis in pigeon liver 

(0 04M-a Ketoglntarate present m each instance Other 
conditions as in Table 2 Value in presence of p hydroxy 
butyrate^ has been corrected for interference ) 




Citrate 

formed 

Exp 

Additions 

(mL) 

1 

None 

91 


0 02m li Lactate 

36 


0 02m fi Hydroxy butyrate 

0 02m NHiCl 

67 

~0 

2 

None 

92 


0 02m Pyruvate 

94 


0 02m Acetoacetate 

64 


0 02m Succinate 

66 


0 02m i>Glutamate 

109 


of arnmomum chloride on the yield of citrate is 
probably connected mth this diamutation i. 
Glutamate had no appreciable effect on citrate 
formation The small mcrease shown m Table 7 was 
not found regularly 

Fumarate (0 02 m) caused an mcreased yield of 
citrate m the presence of a-ketoglutarate (Tables 6 
and 8) The mcrease varied from 20 to 100% m 
different hvers As with « -ketoglntarate alone the 
ma.-inmnrTt yield of Citrate m the presence of botli 
a-ketoglutsiate and fumarate was reached within 
12 mm The effect of fumarate depended on the 
bicarbonate and carbon diomde concentrations 
(Table 6) and was greatest at suboptunal concen- 
trations Fumarate alone did not yield citrate 
Malate was not exammed smce it may be taken for 
granted that it behaves like fumarate 

Oxaloacetate alone, as is well known, gives rise 
to citrate and m a short term (12 mm ) experiment 
(Table 8, Exp 1) the effects of oxaloacetate and 


1948 

a ketoglntarate were roughly additive In an experi- 
ment where the period of mcubation was 30 mm 
(Table 8, Exp 2) oxaloacetate and a-ketoglutarate 
together gave more citrate than could be accounted 
for by additive action only 

As Ochoa’s (1916) mechanism of Citrate formation 
mvolves the reduction of oxalosucomate to rsocitrate, 
it was thought that addition of a hydrogen donator 
imght accelerate the formation of citrate Hypo 
sulphite which is known to regenerate the reduced 
form of the coenzymes (Warburg, Christian & Gnese, 
1936) was, therefore, added (0 036m), but it caused 
a considerable inhibition (Table 8, Exp 1 ) which was 
not affected by simultaneous addition of lactate 
A detailed study of the inhibition by l lactate 
showed that the inhibition was greater the higher the 
lactate concentration (Table 9, Exp 1), and that it 
was of the same order m the presence of added 
fumarate or oxaloacetate eis with a ketoglntarate 
alone Lactate also inhibited citrate formation from 
oxaloacetate alone, and from oxaloacetate plus 
pyruvate (Table 9, Exp 2) Pyruvate (0 02m) did 
not affect lactate inhibition In some experiments 
L glutamate (0 02m) partly or wholly reversed the 
inhibition by lactate (Table 9, Exps 2 and 3) The 
anaerobic or oxidative removal of citrate was not 
affected by 0 OAm ir-lactate 

7 Aerobic citrate synthesis Aerobically the yields 
of citrate m the presence of a ketoglutarate were 
about 40% higher than anaerobically (Table 10) 
The effects of various substances m the presence of 
oxygen were similar to those observed m anaerobic 
experiments Smce the mterpretation of aerobic 
experiments is comphcated by the fact that citrate 
may arise by other reactions (1 e through the tri- 
carboxyhc acid cycle) these experiments were not 
pursued 


Table 8 Thb effect of oxaloacetate, fumarate, lactate and hyposulphite (NajSjO^) on citrate synthesis 

in pigeon liver 


(Incubation penod 12 mm for Exp 1 and 30 mm for Exp 2 Other conditions as m Table 2 ) 


3 ^ Additions 

1 0 02M-a Ketoglutarate 

0 02m a Ketoglutarate, 0 02m oxaloacetate 
0 02m Oxaloacetate 
0 036m Hyposulphite 

O 036m Hyposulphite, 0 02M-a ketoglntarate 
0 036m Hyposulphite, 0 02m a ketoglutarate, 0 02m lactate 

2 0 02M-a Ketoglntarate 

O 02M-a Ketoglutarate, 0 02m oxaloacetate 
0 02m Oxaloacetate 
0 02m Oxaloacetate, 0 02m fumarate 
1 0 02m Oxaloacetate, 0 02m fumarate, 0 02m a ketoglntarate 

0 02M-a Ketoglntarate, 0 02m fumarate 
0 02m a Ketoglutarate, O 02m fumarate, 0 02m lactate 
0 02m a. Ketoglutarate, 0 02m lactate 
0 02m Oxaloacetate, 0 02m lactate 

0 02m a Ketoglutarate, O 02 m oxaloacetate, 0 02m lactate 


Citrate 

formed 

(/J) 

61 

166 

121 

~0 

29 

31 

98 

182 

36 

88 

243 

172 

53 

31 

~0 

60 
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Table 9 


Exp 

1 


3 


The effect of lactate on citrate synthesis under various conditions in pigeon liver 


(Conditions ns m Table 2 ) 

Additions 

0 02ll-a Ketoglutarato 

0 02m tt Kctogliitnrato, 0 02m fuinnrnto 

0 02ji tt Kotoglutarato, 0 005 m Inctato 

0 02m a KotoglutaTuto, 0 005m Inototo, O 02m fumarato 

O 02m a Kotoglutarato, O 01 xi Inotato 

0 02 m a Kotogliitaratc, O 01 m Inotato, 0 01 m fumarato 

O 02m a Kotoglutarato, 0 04m laotato 

0 02 m a Kotoglutarato 

0 02 m tt Kotoglutarato, 0 02m pyruvate 

0 02 m tt Kotoglutarato, 0 02m pyruvate, 0 02 m laotato 

O 02m tt Kotoglutarato, 0 02m laotato, 0 02m l glutamate 

0 02 m Osnloncotato 

0 02m Oxaloncotatc, 0 02m laotato 

0 02 M Oxaloacotato, 0 02m pyruvate 

0 02m Oxaloacotato, 0 02m pyruvate, 0 02 m laotato 

O 023t-tt Kotoglutarato 
0 02m tt Kotoglutarato, 0 OlM Inotato 
0 02m tt Kotoglutarato, 0 02m 1 ,-glutninnto 
0 02si-tt Kotoglutarato, 0 02m i>glntamato, 0-01 M laotato 


Citrate formed 

(/J) 

98 

161 

09 

83 
60 
80 
36 

72 

71 

39 

70 

124 

00 

200 

84 
100 

49 

112 

81 


Table 10 Effect of oxygen on citrate synthesis 
in pigeon liver 

(6% CO; m 0; Other conditions as in Table 2 ) 

Citrate 

formed 


Additions (pi ) 

0 04M-tt Kotoglutarato 104 

0 02 m tt Ketoglntarate 142 

0 02 M-tt Kotoglutarato, 0 02 m fumnrate 192 

0 02k Eumarate 39 

O 02m tt-Kotoglutarate, 0 02 m pyruvate 133 

O 02M-a Ketoglntarate, 0 02 m L lactate 69 

0 02m tt Ketoglntarate, 0 01m aootoacetate 109 


O 02M-a Ketoglntarate, 0 01m P hydroxybutyrato 117 

8 Effect of inhibitors The addition of 0 02m 
malonate caused 32 % inhibition of citrate formation 
inmtrogenand 66% inhibition in oxygen (Table 11) 
The inhibition in oxygen was partly reversed by 


addition of fumarate Sodium fluonde, 0 02m, m- 
hibited citrate formation in nitrogen by 47 % 
(Table 11) Adenosmetnpliosphato (0 002m), co- 
zymase (6 pg /ml ) or 0 OOlM-ilnClj hod no effect 
on citrate formation from a ketoglutarate or on the 
inhibition by lactate Tims none of those substances 
were lunitmg factors under the conditions of these 
experiments 

(6) Other tissues 

Tlie formation of citrate m the presence of a keto- 
glutarate was exammed m other tissues It occurred 
to a considerable extent m pigeon breast muscle, 
gumea pig and rat liver, and to a less extent in sheep 
liver, heart and kidney cortex (Table 12) No citrate 
formation was detected m gumea pig, rat and sheep 
bram, sheep spleen, and rat and sheep testis, though 
the latter tissue contamed large amounts of citrate 
(see Schersten, 1936, Dickens, 1941) 


Table 11 The effect of malonate and fluonde on citrate synthesis in pigeon liver 
(Incubation period 12 mm m Exps 1-3, 30 mm m Exp 4 Other conditions as m Table 2 ) 


Qas 

Additaons 

Citrate 

formed 

(fd) 

Inhibition 

(%) 

5% CO, m 0, 

0 04M-a Ketoglntarate 

136 



0 04M-a Keto^utarate, 0 02 m malonate 

42 

69 


0 04M-a Ketoglutarate, 0 002 m malonate 

88 

37 

6% CO, m 0, 

0-02 M-tt Ketoglutarate 

142 



0 02M-a Ketoglutarate, 0 02m fumarate 

192 

+ 36 


0 02M-a Ketoglutarate, 0 02 m malonate 

60 

66 

6%00,mN, 

0 02m tt Ketoglutarate, 0 02m malonate, 0 02m fumarate 

123 

36 

0 02at-a Ketoglutarate 

01 


6% CO, in N, 

O 02m tt Ketoglntarate, 0-02m malonate 

0 02M-tt Ketoglutarate, 0 02 m Na fluonde 

41 

32 

32 

47 

0 02M-a Ketoglntarate 

158 


O 02M-a Ketoglutarate, O 02 m malonate 

110 

31 

14 


0 02K-a Ketoglutarate, 0 006 m malonate 

136 
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Table 12 O'Ur ate syntheste by various tissues in the presence of oL-ketoglutarate 


{400 mg fresh tissue m 4 mL suspension except mth sheep testis (800 m 
20 nun except -mth pigeon breast muaole (12 nun ) 6% CO, m Nj or 0, 





Citrate 

Tissue 

Gas 

Additions 

formed 

(/J) 

Pigeon-breast musole 

N. 

0 02m a Ketoglutarate 

47 


0, 

0 02m-o Ketoglutarate 

30 



None 

/N/0 

Quinea-pig hver 

‘ N, 

0 04M-a Ketoglutarate 

69 



0 04m a Ketoglutarate, 0 02M-funiarate 

123 


0. 

0 04m a Ketoglutarate 

63 

1 


0 04m a Ketoglutarate, O 02 m fumarate 

180 



None 

~0 

Bat hver 

N, 

O 04M-a Ketoglutarate 

48 



0 04m a Ketoglutarate, 0 02m fumarate 

66 



0 04M-a Ketoglutarate, 0 02 m lactate 

~o 



None 

^0 


0, 

0 04m a Ketoglutarate 

69 



0 04M-a Ketoglutarate, 0 02 m fumarate 

133 

Sheep hver 

N. 

0 04m a Ketoglutarate 

26 



0 04m a. Ketoglutarate, 0 02 m fumarate 

32 



0 04m a Ketoglutarate, 0 02 m lactate 

0 

Sheep heart 

N, 

0 04m a Ketoglutarate 

36 



O 04m a Keto^utarate, 0 02M-fumarate 

66 



0 04m a Ketoglutarate, 0 02 m l glutamate 

26 

Sheep kidney 

0. 

0 04m a Ketoglutarate 

,26 



0 04M-a Ketoglutarate, 0 02 m fumarate 

38 


Ns 

O 04m a-Ketoglutarate, 0 02m fumarate 

26 

Sheep testis 

N, 

None 

24 



0 04m a Ketoglutarate 

26 



O 04m tt Ketoglutarate, O 02 m fumarate 

37 

Bat testis 

N. 

None 

32 



O 04M-a Ketoglutarate 

41 



0 04M-a-Ketoglntarate, 0 02 m fumarate 

39 


DISCUSSION 

Hate of carbon dioxide fixation by pyruvate in 
minced and homogenized animal tissues In pigeon 
hver the computed rate for the carbosylation of 
pyruvate (Qoiaio»c«uto= 1^) was of the same order of 
magmtude as the rate of respiration In sheep- 
kidney cortex the rate as determmed by the malonate 
tec hni que was, on average, 17 In all other tissues 
exammed (rat hver, kidney cortex and muscle, 
pigeon bram, gumea pig hver and bram, and sheep 
hver, heart, bram, spleen, pancreas, and lung) the 
rate of carboxylation must have been less than 1 
smce no formation of succmate or a ketoglutarate 
could be measured by the methods used It should 
be emphasized that the non-detection of the re 
action only mdicates that the rate was below 1 
under the given experimental conditions Experi- 
ments published by Solomon, Vennesland, IQem 
perer, Buchanan & Hastmgs (1941), Wood, Lifson & 
Lorber (1946) and Anfinsen, Bel off, Hastmgs & 
Solomon (1947), m fact, make it very probable that 
the carboxylation of pyruvate occurs m mammahan 


hver It can be calculated from the data given by 
Buchanan, Hastmgs & Nesbitt (1942) that the r^te 
at which carbon dioxide was mcorporated m glycogen 
m rabbit hver shoes under their experimental con- 
ditions was, m terms of between 0 14 and 

0 48 m four experiments (average 0 26) As aspartic 
and glutarmo acids contammg carbon dioxide were 
synthesized at the same time (Anfinsen et al 1947) 
these figures are the minimum rates They are com- 
patible with the conclusion reached from the present 
experiments that the rate of the carboxylation of 
pjTuVate IS below 1 m mammahan hver 
V Mechamsmof citrate formationfrom a. ketoghUarate 
The dependence of citrate formation upon the con- 
centration of a-ketoglutarate and of bicarbonate and 
carbon dioxide m these experiments is m accordance 
with the conception, already firmly' established by 
Ochoa (1946), Gnsoha & Vennesland (1947), and 
Floyd, Modes & Wemhouse (1947) that the primary 
step IS the carboxylation of a ketoglutarate and 
formation of oxalosucomate, followed by its re- 
duction to 1 -socitrate and rearrangement to citrate 
These three stages mvolve at least three enzyme 
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Eiystems oxalosucciruc carboxylase, tsooitrio de- 
hydrogenase and acomtase The stimulating effect of 
fumarate, and the mlubitory action of lactate which 
can be partially reversed by glutamate, are pre 
Bumably connected with the second stage, but no 
explanation for the cause of the effects con bo 
offered It is of mterest that lactate also mhibits the 
formation of citrate &om oxaloacetate and pyruvate 
which IS an oxidative process 
Rate of carbon dioxide fixation by a. Lctoglutarate 
The formation of citrate on addition of a-keto 
glutarate was demonstrable m pigeon hver, pigeon 
breast muscle, gumea pig, rat and sheep hver, sheep 
heart and sheep kidney cortex, whilst negative 
findmgs were obtamed with gumea pig, rat and sheep 
bram, sheep spleen and rat and sheep testis In 
pigeon hver the rate was very high immediately after 
addition of the a ketoglutarate but fell to zero ■within 
a few mmutes Q^uai, 'was 30 durmg the first 
mmute The total amounts of citrate formed were 
mdependent of the concentration of a-ketoglutarate 
at the higher concentrations, and the stoppage of 
the synthesis, therefore, cannot be ascribed to a 
simple equihbnum effect 

In new of the rapid change of rate, Q values calcu- 
lated from data referrmg to experimental periods of 
more than a few mmutes mdicate only a minimum 
value for the mitial velocity In the experiments 
given m Table 12 the penod of mcubation was 12 or 
20 mm and the average Q values for the penod of 
mcubation reached 2 9m pigeon-breast muscle, 4 8 
m gumea pig hver, 3 3m rat hver, 08m sheep h-ver, 
and 2 1m sheep heart The mitial Q values were m 
all probabdity much higher 

Significance of the carbon dioxide fixation by a keto 
glviarate Qnsoha&Veime3laad(1947)ha'vealready 
pomted out that the conversion of citrate mto a 
ketoglutara'te is the only metabohe process which 
citrate, once formed, is defimtely known to undergo 
Hence it would appear that the carboxylation of 
a ketoglutarate cannot result m the mcorporation 
of assimilated carbon m any compounds other than 
the four •tnearboxyhe acids These acids can be 
readily formed m animal tissues through the oxida 
tive reactions of the tnearboxyhe acid cycle, and as 
long as no further reactions of citrate are knoivn, it 
IS difficult to -vTsualize the speoifio biological signifl 
cance of the carboxylation of a ketoglutarate It has 


been suggested (Dr H MoHwam, personal com- 
munication) that the formation of citrate frotn a- 
ketoglutarate, which is on endergomc reaction, 
might serve os a temp or ary storage of energy If the 
idea of Lipton <& Barron (1946) that citrate might 
undergo fission to oxaloacetate and acetate should 
prove correct, then it would be possible to offer an 
explanation of the occurrence of the carboxylation 
of a ketoglutarate 

SUMMARY 

1 Therateofcarbondioxidefixation bypyruvate 
(Qomiowtute) mvestigated m minced tissues by 
determmmg the accumulation of eucomate and a- 
ketoglutarate (o) anaerobically, and (b) aerobically 
m the presence of malonate 

2 Otohoctuu computed for the conditions 
employed to be 1 9 m pigeon hver and, on the average, 
17m sheep kidney cortex In pigeon bram, rat 
liver, kidney cortex and muscle, gumeapig hver and 
bram, and sheep hver, heart, bram, spleen, pancreas 
and lung, no carbon dioxide fixation by pyruvate 
could be detected by the above methods, and 

therefore, must have been less than 1 m 
these tissues 

3 The rate of carbon dioxide fixation by a-keto 
glutarate (Cciu»te) studied by measunng the 
formation of citrate under anaerobic conditions 

4 In pigeon hver citrate formation was rapid 
immediately after •addition of a-ketoglutarate but 
ceased -withm a few mmutes During the first 
mmute was 30 Pigeon breast muscle, gumea 
pig, rat pnd sheep hvers, and sheep heart and kidney 
cortex all formed citra'te from a ketoglutara'te No 
detectable amounts of citrate were formed by 
gumea pig, rat or sheep bram, sheep spleen, or 
rat and sheep testis 

6 Citrate formation was found to be dependent 
upon the concen'tration of a ketoglutarate and of 
bicarbonate and carbon dioxide It was enhanced 
by fumarate and inhibited by L lactate or ammomum 
chloride The mhibition by lactate was partly re- 
versed by L glutamate Lactate also inhibited 
citrate formation from oxaloacetate and pyruvate 

6 The significance of the findmgs is discussed 

I ivish to eipreas my gratitude to Prof H A Krebs for 
his oontmual aid and advice 
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The Copper-retaining Powers of Different Cacao Soils 

By H lees. Department of Chemistry and Sotla, Imperial College of Tropical Agnctdture, 

St Augustine, Tnnidad, B W I 

(Received 20 May 1 948) 


Brun (1946) has shown that soil organic matter 
(SOM) holds copper m a complex, non-leachable 
form, the work of Easier (1943) suggests that most 
metaUic trace elements are so retamed m soil, the 
order of their retention bemg roughly parallel to 
their power of forming metallo organic complexes 
(Mellor & Maley, 1948) From such complexes be- 
tween trace elements and SOM (Bremner, Mann, 
Hemtze & Lees, 1946) the trace elements presumably 
become slowly available to plants growmg m the 
soil In view of the fact that Trmidad cacao sods 
have been exploitatively cropped for 16() years, a 
depletion of trace elements m these sods may, m 
part, be responsible for the general drop m cacao 
yields apparent over the last 25 years The present 
work was therefore begun m order to discover 
whether ‘good’ cacao sods (1 e those on which the 
dechne has been least marked) had a greater power 
than ‘bad’ sods to retam a trace element agamst 
leaching, and to establish a relation between the 
percentage of SOM m a sod and the power of the 
sod to retam a trace element The trace element 
chosen was copper, m which cacao is rich (Lmdow, 
Elvehjem & Peterson, 1929) 

EXPERIMENTAL 

Copper was detenmned by tbe method of Sherman A 
McHargue (1942) Sod orgamo matter was estimated by the 
method of Hardy (1929) Because the upper layers of a 
cacao sod probably play the dommant part m cacao 
nutrition (McCreary, McDonald, MuUoon A Hardy, 1943), 
the top 3 in. of sod, air dried and ground to a powder, have 
been used m all experiments The sods were divided into 
‘good’ sods and ‘bad’ soda on the basis of planters’ esti 
mates of the cacao yields to be expected fivm them Good 
sods were those estimated to yield 7 or more bags of cacao 


per 1000 pioqnets, bad sods were those estimated to yield 
less 

The Cu retainmg powers of different sods (Fig 1) were 
detenmned as follows A 6 g sample of sod was shaken, 
over a penod of 30 mm , pith 16 ml 0 6m Na^SO^ oontam 
mg 1 0 mg Cu as CuSOj after which the sod was centrifuged 
down, and the supernatant hqmd poured off The sod was 
then agam shaken with 16 ml 0 6m NajS04 contammg no 
Cu and, after 30 min , agam centrifuged down, the super 
natant hqmd bemg added to the initial one After 7 such 
washmgs, aU exchangeable Cu was presumed to have been 
removed from the sod The amount so removed was deter- 
mmed by analysis of the bulked supernatant hqmds and the 
amount retamed detenmned by difference 

The data on which Fig 3 is based were obtamed m two 
different ways on each sod 

(a) Either 1, 2, 4, 8, or 16 g of sod were mixed with 60 ml 
0 33 m Nb^SOi contammg, as CuSO*, either 1 0 mg Cu (for 
the bad sod) or 6 0 mg Cu (for the good sod) After mter- 
mittent shakmg over a penod of 1 hr the sod was centn 
fhged down, and the equdibnum concentration of Cu m the 
supernatant hqmd detenmned. 

(b) Ehther 1, 2, 4, 6, 8, or 10 mg Cu as CUSO4 , contamed m 
30 ml 0 33m Na,S04, were mixed with 6 g sod Procedure 
then followed that desonbed in (a) 

Prehmmary tests showed that eqmhbration of Oa be- 
tween sod and solution was attamed m less than 6 mm 
The longer eqmhbration penods used were adopted as a 
safety measure 

RESULTS 

The relation between the estimated percentage of 
SOM and the copper retaining power of the sod, is 
shown for thirty-two different cacao sods in Fig 1 
Some 2 6 % of the estimated SOM of the sods is , 
apparently inactive m reta i n in g copper, moreover, 
the percentage of the active SOM (total SOM 
% — 2 6) is not hnearly related to copper retention 
In fact the curve of Fig 1 closely follows the relation 
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0 2 4 6 8 10 


Soil orpnlc matter (%) 

Fig 1 The retention of copper by different cacao 8oQb 
(6 g samples) treated with 1 mg of copper as CuSO* and 
then well leached with 0 5si lSaiS 04 Crosses, good cacao 
soils, dote, bad cacao sods 



1-5 20 M 


lof C 

Fig 2 Frenndhoh isotherm derived from Fig 1 , a, copper 
(pg ) retamed by sod, m, active SOM (total B0M%— 
2 6), 0, copper removed by NajSO, leaching 

Blochem 1948, 43 



loj equilibrium cone, ot Cu In tolutlon (p-equlv7l ) 

Fig 3 Frenridhoh isotherm of copper retention, derived 
from two different cacao eods eqmhbrated with different 
concentrations of copper contamed in 0 SSM-NajSO^ 
Dots, data from a bad sod (active SOM, 3 4%), crosses, 
ftom a good sod (active SOM, 8 3 %) 

Table 1 Eguihbnum dxstnbiAxon ,of copper between 
B g of, a good cacao soil (8 3 % active SOM) and 
various volumes of 0 SSm-NeIjSOi solution 


(Total copper (as CnS 04 ) m sod and solution 
6 0 mg (157 p-eqmv ) ) 


Vol of 

Equdibnum 

Eqndlbnnm 

Nb ^04 

oonen. of On 

oonon of On on 

solution 

m solution 

active SOM 

(ml) 

(p-eqmv /I ) 

in eqniv /g ) 

20 

33 

377 

40 

37 

376 

60 

31 

374 

80 

31 

374 

100 

34 

371 

120 

30 

370 


Cu (mg ) retamed by soil 
Active SOM % 

= a (Ou (mg ) released byNa 2 S 04 extraction)*^ 

This IS one form of the adsorption isothehm sug- 
gested by Freundbob (1930) 

where a = amount of solute adsorbed, m= weight of 
adsorbent, 0 = equibbnum concentration of solute, 
and a and n are constants Expressed logeinthmi- 
caUy this gives 

log ajm = 1/n log (7+ log a 

If log aim IB plotted against log O, a straight lin e 
should result A plot of the appropriate data derived 
fipom Fig 1 does m fact joeld a straight lin e (Fig 2) 
At moderate concentrations of copper m the 
equibbnum solution (less than 100 p eqmv Cu/1 ), 

40 


I 
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the same equation was found to apply to data from 
experiments m which the equihbnum distributions 
of copper between soil and 0 SSM-NaaSO^ solution 
were determmed for both a good and a bad sod under 
wide variations of experimental conditions (Fig 3) 

Data m Table 1 show, as might be expected, that 
the equihbnum concentration of copper m 0 33m:- 
NajSOi agamst a given concentration of copper on 
the SOM is mdependent of the solution volume 

DISCUSSION 

In comparison with good Tnnidad cacao sods, bad 
cacao sods are characterized by a low power to 
retam copper m complex with the SOM Although 
the copper retammg pewer of a sod is clearly related 
to its SOM content, the relation is not hnear, and 
neeirly all the bad sods he on or near the steeply 
descending portion of the curve relatmg copper 
retention and percentage of SOM m the sod Trace- 
element deficiencies, mduced either by leachmg or 
by a too great uptake of trace elements by past 
cacao crops, are, therefore, far more likely to occur m 
bad than m good sods 

Although difficulties m estimatmg small per- 
centages of SOM m aU probabihty caused the scatter 
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of the pomts on the desoendmg part of the copper- 
retention curve (Fig 1), there is reason to behove 
that of the total value for percentage of SOM, as 
given by the'method used, some 2 5 % represents 
absorptively mactive SOM If it be assumed that 
some 2 6 % of the SOM is adsorptively mactive, two 
widely different sods give the same adsorption 
isotherm (Fig 3), a fact that suggests there is no 
basic difference between the absorptive capacities 
of the orgamc fractions o*^ the two sods 

It IS reasonable to mfer from Fig 3 that the 
saturation capacity of SOM is about 1400 fi-eqmv 
Cu/g , to which value the logarithmically plotted 
Freundhch isotherm, known to be non-hnear near 
saturation of the adsorbent, is asymptotic 

SUMMARY 

\ 

1 Some bad Tnmdad cacao sods have lower 
contents of orgamc matter, and lower copper- 
retaunng powers than good sods 

2 The distribution of copper between a sod and 
a solution m equihbnum with it follows a Freundhch 
isotherm 

3 The significance of the results is discussed 
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The Secondary Oxidation of Amino-acids by the 
Catechol Oxidase of Belladonna 


By W O JAMES, E A H ROBERTS, H BEEVERS aOT) P C DE KOCK 
Oxford Medicinal Plants Scheme, Department of Botany, University of Oxford 

{Received 13 February 1948) 


The purpose of this mvestigation was to examme 
more ftdly than has hitherto been done the manner In 
which a plant polyphenolase is able to oxidize ammo- 
acids m the presence of phenols It was further 
hoped to discover which of the commen ammo-acids 
are hable to oxidation by the system, and the nature 
of the oxidation products Atropa belladonna L was 
known to possess an active polyphenolase system 
and was used because the mtrogen metabolism of 
this plant IS under general mvestigation, and large 
'quantities of reasonably homogeneous material were 
available 


EXPERIMENTAL 

Preparation of the enzyme. Young leafy shoots -of bella 
donna up to about 20 cm long were harvested m May or 
June, 120-160 g were dismtegrated m a Warmg Blender 1 
with two successive portions of 360 ml acetone The acetone 
was filtered off, and the residue air dried on a Buchner 
frmnel and ground to a fine powder m a Wiley mill 

This crude powder had considerable polyphenolase 
activity, 60 mg powder suspended m 2 6 ml 0 01m 
catechol at pH 6 gave an Oj uptake of over 200 pi m 
10 miTi After three successive extractions with water at 
room temperafnre the powder stai retimed a high oxidase 
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activity, ttic loss varying somcwlint "With different batches 
of powder The first washing showed oxidase activity 
eqnivalent to 1% of the activity of the unwashed powder 
The third washing showed httle or none 

The first washing gave a strongly positive ninhydnn re 
action, but, after three extractions, further washings gave 
only a faint reaction The powder therefore provided the 
desideratum of an active polyphenolnse nnoontammatod by 
fi:ee ammo acids When dried by a further addition and 
removal of acetone it gave a stable preparation whiob kept 
its activity unimpaired for several weeks at least la the 
foUowmg work the enzyme was mvanably prepared m this 
way Samples of the air dry powder were weighed out as 
required 

Manomelry 0, uptakes were measured m Warburg 
manometers usmg simple fiasks with central chambers and 
smgle side arms (see Dixon, 1934, fig 11 o) COj absorption 
was provided for, when required, by a roll of filter paper in 
the central chamber moistened with 20% KOH. In some 
experiments Keilm cups were used to provide a further 
posmbfiity of mixin g m the enclosed system Moat expen 
ments were run m batches of five with a sixth manometer as 
thermobarometer AH experiments were of short duration, 
oxidation of the phenol usually bemg complete withm 1 hr , 
and the secondary oxidation not bemg followed beyond 
a total penod of 4 hr It now seems that the results of 
earher mvestigations of this system may have been vitiated 
by the dangerously long time mterval, up to 40 hr , em 
ployed (e g Bobmson & MoGance, 1925) 

Ammonia measurements At the end of the manometno 
experiments, 0 6 ml was withdrawn from the reaction 
mixture (total voL 2 6 ml ) This was transferred to the 
outer circle of a standard Conway rmit and the NHj content 
determmed m the usual way, usmg bone acid as the 
absorbent and mixed bromoercsol green and methyl red as 
mdicator (Conway, 1947) 

IsdUUxon of the reactwn products It was anticipated that 
products of ammo acid oxidation might be formed accord 
mg to the general scheme 

S CHfNH,) C00H+i0,->-fl CO COOH+NH, 

Attempts were, therefore, made to isolate carbonyl com 
pounds as 2 4-dmitrophenylhydrazonea This was earned 
out m experiments startmg with glyome and alanme The 
details of the procedure differ so much m the two examples 
that they are desenbed separately m the next section. 

RESULTS 

t 

Oxidation of phenols in the absence of amino aetds^ 

Oxidation of catechol The progress of cateohol 
oxidation by the belladonna enzyme is shown m 
Fig 1 After 1 hr 105 pi of had been absorbed 
by 0 66 mg catechol, correspondmg to a mol ratio 
Oj/catechol of approximately 1 Further Oj uptake 
was slow 

Increasing the concentration of catechol from 
0 001 to 0 01 m increased the rate of Oj uptake 
(Fig 2B) Raising the amount of enzyme present 
m 2 6 ml from 12 6 to 100 mg also accelerated 
0. uptake (Fig 2 A) Increased rates were, however, 
associated with earher and more marked falhngs 


away, so that the optimal conditions for cateohol 
oxidation cannot be sunply expressed. The nature 
of the ‘ inactivation ’ is examined further on p 633 
In the experiments on ammo acid oxidation, cate- 
ohol was usually required to be present only m 
catalytic amounts Concentrations of 0 006 or 
0 002 m were commonly employed 



Fig 1 Oxygem uptake over the first 3 hr in the oxidation 
of 0 002 m cateohol by belladonna polyphenolase 



/Fig 2 A Oxygen uptake dunng first 40 roin with 0 01 ir 
catechol m the presence of vaiymg amounts of enzyme 
(in 2 6 ml solution) B Oxygen uptake with 60 mg 
enzyme and varymg ooncentratiouB of cateohol. 

The effect of acidity upon the rate of oxidation 
was examined over a pH range of 4 5-8 3, usmg 
phosphate buffers (Table 1) The effect of pH is 
clearly very shght over the range exammed, autoxi- 
dation m the absence of enzyme weis slow, and con- 
sumed only 8 pi O, m 60 mm even at pH 7 8 

40 2 
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Table 1 The effect of acidity on the oxidation 
of catechol by polyphenolase 

(Gateohol, 0 006m, 30° ) 


O 3 uptake [fA ) 
Time (min ) 


pH 

6 

16 

30 

46 

46 

42 

97 

128 

146 

5 6 

49 

105 

133 

150 

. 66 

60 

100 

129 

149 

77 

63 

106 

140 

169 

83 

61 

107 

141 

160 


changes of pH The final Oj uptake greatly exceeds 
2 atoms Oj/mol adrenaline and melanm-hke pig- 
ments are formed (cf Blaschko & Schlossmann, 
1940) 

Inhibitors^ Smce the enzyme is hkely to have 
copper as its prosthetic group, the action of heavy- 
metal inhibitors was mvestigated over a range of 
concentrations Cyamde (Table 4) was used at 
0 01— 0 001m and sodium diethyl dithiocarbamate 
(‘dieca’) (Table 6) at 0 006-0 0002m CO (Table 6) 
was tried at atmospheric pressure m a mixture of 
CO (approximately 80%) and O, Smce no COj 


Table 2 Oj consumption by belladona polyphenolase with various substrates 


Substrate 




-O 3 

uptake (pl ) 

A 




(Preparation 

A 26 mg 

m 2 { 

>ml 0 066m 

phosphate, pH 

7 1, 30°) 




Tune (min ) 

10 

20 

30 

40 

60 

70 

90 

120 

160 

0-008 M-p Cresol 

12 

31 

47 

69 

112 


171 



0 002 m Catechol 

66 

94 

lOO 


113 


124 



0 008 m Resoromol 

0 

0 

O 

0 

0 


0 



0 008 M Hydro qumone 

— 

— 

4 


16 


27 



0 008m Phloroglucmol 

46 

90 

127 

. , 







0 008m GaUic acid 

4 

8 

9 

14 

18 



33 



O 002m Adrenahne 

19 

44 

69 

74 


— 

— 

— 

(Preparation 

B 60 mg 

m 2 £ 

• mL O 086 m- 

■phosphate, pH 

7 8 , 30° ) 




0 002 m-A^ Methyladrenahue 

— 

— 

33 

- ^ 

40 






48 

0 004m Aeaculin 

2 

6 

8 

— , 


10 



12 


0 004u Aesouletm 

26 

39 

48 

— , 

- 

62 



69 



O 002 m Catechol 

73 

86 

94 

— 

— 

103 

— 

116 

— 


Oxidation of other phenols Several other phenols 
were substituted for catechol as substrate (Table 2) 
Typical catechol experiments are moluded for com- 
parison The mitial rate of oxidation is much faster 
with catechol than with any of the other phenols 
exammed Besorcmol is not oxidized and hydro 
qumone only very slowly, as would be expected The 
mcreasmg rate of p cresol oxidation with tune is also 
m accord with previous observations by other 
workers The unexpectedly vigorous oxidation of 
phloroglucmol was confirmed m several further ex- 
periments, the Oj consumption amounted to about 
3 atomsAnol phloroglucmol 

The oxidation of adrenahne (Table 3) was 
exammed at different acidities and, unhke that of 
catechol, was found to be markedly sensitive to 

Table 3 The effect of acidity on the oxidation of 
adrenaline by polyphenolase 

(Adrenalme, 0 002m, 30° ) 


Oj uptake (pi ) 
Time (nun ) 


pH 

10 

20 

30 

40 

120 

160 

41 

0 

8 

10 

18 

41 

68 

60 

11 

26 

36 

47 

86 

112 

7 1 


44 

69 

74 

142 

181 

7 8 


69 

93 

112 

211 

249 


production was to be expected, KOH was not put 
mto the inner cups There was not, therefore, any 
risk of loss of cyanide from the reaction mixture by 
distillation mto alkah The enzyme is markedly 

Table 4 Inhibition of caiechol oxidation by 
cyamde at- pH 6 

(26 mg polyphenolase phosphate buffer, 2 6 ml 0 006 m 
csteohol, 30° ) 

Oj uptake (pL) 

Tune (mm ) 


Cyanide concn 

, 


A 


\ 

(M) 

6 

10 

20 

30 

46 

00 

61 

76 

98 

116 

133 

0 001 

30 

63 

81 

102 

126 

0 0013 

17 

31 

48 

67 

89 

0 002 

10 

14 

21 

27 

40 

0 01 

0 

0 

0 

0 

0 

% mhibition at 0 001 M 

41 

30 

17 

11 

6 


resistant to 0 001m cyanide Plant polyphenolases 
have frequently been found to have a high resistance 
(Deb & Roberts, 1940, Roberts, 1941) and there 
seems to be much variation with species (Wieland & 
Sutter, 1930) 

With diethyldithiocarbamate, inhibition is more 
pronounced than with cyanide, and is stronger m the 
weaker preparation m spite of the larger ratio of 
sohd matter to dithiocarbamate This is to be 
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Table 6 Inhibition of catechol oxidation by diethyldithiomrbamate 
(Preparation A, 25 mg , preparation B, 60 mg , each in 2 6 mL 0 066m phosphate, pH 6, 2 6 ml 0 006M oateohol. 30 ”) 



Pr 




Oj uptake (fiL) 
Time (nun ) 





f 

eparation A 





Preparation B 

A 

t 

6 

10 

16 


25 


f 

6 

10 

15 

25 


47 

68 

84 

107 

121 

37 

68 

09 

85 

96 

41 

60 

73 


98 

116 

26 

41 

61 

69 

84 

25 

38 

61 


08 

86 

13 

23 

30 

41 

61 






. -- 

11 

23 

30 

39 

48 

15 

26 

32 


45 

61 

2 

12 

17 

23 

25 

60 

44 

39 


36 

30 

66 

60 

66 

62 

47 


Diethyldithiooarbamat© 
oonon 
(m) 

00 

0 0002 » 

0 001 
0 002 
0 005 _ 

% inhibition at 0 001 m 

Table 6 Inhibition of the polyphenolaee aclimty of freshly expressed juice of belladonna 

by carbon monoxide \ 

\ 


Conditiona* 


(2 mL jmce, oateohol O 006m, total vol 2 6 ml ) 

Oj uptake (/iL) 
Time (mm ) 


6 

100 

5 i 

60 

47 


10 

16 

20 

26 

30 

160 

208 

229 

239 

243 

100 

149 

177 

198 

208 

116 

161 

179 

206 

216 

100 

137 

173 

— 

— 


Air 

80% CO, 20% 0, (o) 

( 6 ) 

(c) 

* Oateohol tipped firom aide arm (a), 20 mm , (6), 40 mm , and (c), 60 mm after treatment with gas mixture 


Table 7 Oxidation of ascorbic acid by polyphenolase - 

(25 mg polyphenolaae m 2 6 mL 0 002 m oateohol, phosphate buffer pH 6 ) 

0, uptake (pL) 

Time (mm ) 


Substrate 

5 

10 

20 

30/ 

46 

60 

, 00 

126 

0 002 M Oateohol 

47 

60 

88 

88 

08 

103 

107 

116 

0 002m Oateohol -(-3 62 mg asoorbio aoid 

48 

86 

123 

139 

169 

191 

214 

237 

3 62 mg aacorbio aoid 

2 

7 

16 

15 

20 

38 

66 

76 


expected if the activity of tbe system depends upon 
the amount of copper present, smce diethylditbio 
carbamate is an almost specific copper precipitant 
In the experiments with CO, it was shown that the 
inhibitions could not be reversed by exposure to 
bnght hght These results are m agreement with 
those of Kuboiyitz (1037) for potato pol 5 rphenolase 
Oxidation of ascorbic acid The system is capable of 
aotmg as a contmnoua oxidation mechanism, and 
this was observed by providmg ascorbic- acid as 
substrate (Table 7) Glass (istitled water was used 
for all solutions The slow contmuous uptake of O 2 
with ascorbic acid alone may mdioate the presence 
of a direct ascorbic acid oxidase m the belladonna 
powder The O, uptake with ascorbic acid and cate 
chol present together exceeds the sum of the 
uptakes when they are present separately’' It can, 
therefore, be concluded that the system catalyzes 
oxidation of ascorbic acid ■with catechol acting as 
redox body 


The oxidation of amino acids and peptides in the 
presence of catechol 

Oxygen uptahe with catechol + glycine Numerous 
experiments have been performed with mixtures of 
catechol and glycme A typical set of results is m 
Table 8 The principal features evident m these 
results have been fovmd m all experiments of the 
same kmd Glyouae by itself is not oxidized, even 
slowly Added to catechol it does not morease tbe 
rate of Oj uptake very much dunng the first 20 or 
30 mm , by which tune oateohol oxidation is usually 
well advanced Dunng the second hour, the mixture 
of catechol and glycme contmnes to absorb Oj, and 
this stfil goes on m experiments of longer duration 
It has been followed up to 4 hr from the start 
(Fig 3) The rate of ammo acid oxidation is always 
slow, relative to the mitial rate of catechol oxidation, 
even under the most favourable conditions Uptakes 

of 80-100 /d OjarerecordedmthefirstlOrmn with 
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Table 8 Oj uptake by polyphenolase until catechol and glycine 
(26 mg polyphenolase m 26 ml 0 066 11 phosphate pH 6, cateohol, 0 002 m, glycme, 0 02m, 30° ) 


Oi ■uptake (pL) 
Tame (min ) 

Substrate — * 



6 

10 

20 

30 

46 

60 

76 

100 

120 

Glycme 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Cateohol 

66 

92 

108 

117 

120 

122 

124 

124 

124 

Glycme + cateohol 

66 

84 

104 

116 

125 

136 

14^ 

148 

167 


catechol alone, but apenod of about 3 hr isnecessary 240 nun showed that NH3 formation at pH 7 8 •was 
■to raise Oj consumption m the presence of glycme progressive (Fig 4) After 160 nun 108 /d^NHjhad 
by •the same amount, once cateohol oxidation is been produced This is approximately twice the 
complete The ■tune lag before an extra Oj uptake 



Time (min ) 

Jig 3 Oxygen consumption over 4 hr ■with 0 002m 
cateohol (lo^wer curve) and 0 002 m catechol + 0 02m 
glycme (upper curve) 

becomes e^vident is often more pronoimced than m 
Fig 3, and strongly suggests that the ammo acid 
IS not bemg oxidized by a simple oxidation product 
of ca^techol, such as 0 benzoqmnone 

Ammonia formation vnth catechol + glycine A 
senes m which different flasks were opened and 
sampled after successive tune m^tervals from 20 to 



Fig 4 Oxygen consumption and ammoma production 
■with 0 002m cateohol + 0 02m glycme The ordmates 
represent /J 0, consumed and /iL ammoma/2 produced 

difference between the volume of Oj consumed and 
that required for complete oxidation of the cateohol 
present (227 — 130 = 97 pi O^) In other words, 
1 mol NH3 had been released for each atom of extra 
Oa consumed, as predicted by the equation ^n p 627 


Table 9 Oj uptake and NH3 production after incubation of polyphenolase 
vnth catechol and glycme at various pH values 

(26 mg polyphenolase m 0 066 u phosphate, cateohol, 0 002 m, glycme, 0 02 m, 30° ) 


O, uptake (pL) 



Time 

t 

Cateohol 

Cateohol + 

Extra uptake 
due to 

Ammonia 

production/2 

pH 

(min ) 

only 

glycme 

glycme 

(/J) 

42 

210 

127 

134 

7 

6 

6 0 

120 

124 

167 

33 

33 

7 1 

160 

133 

260 

117 

100 

7 1 

180 

116 

266 

140 

116 

7 8 

226 

120 

326 

206 

130 

7 8 

240 

130 

264 

134 

110 
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After 240 mm , the ratio had fallen off, 

presomahly owing to the entry of the into Bide 

reactions Other results of experiments lasting 
2-4 hr are shown in Table 9 
AbscTice of carbon dioxide prodnetwn Omission of 
KOH from the central cups produced no effect upon 
the pressure changes recorded at pEL 7 IwithO 002&I 
catechol and 0 02 m glyome No COj is released, 
therefore, but some might be retamed m the buffer 
When 0 6M-HC1 was tipped mto the reaction 
mixture after an uptake of 258 /il Oj and NHj pro 
duction of 220 fd m 3 hr , there was an output of 
81 fd CO,, an output of 77 /d CO, was obtamed 
when acid was similarly tipped mto a suspension of 
enzyme m buffer without ^ded substrates No CO, 
IS produced, therefore, m the oxidation of cate 
ohol+glycme by our polyphenplase preparation 
' The effect of acidity on the oxidation of glycine 
Although the enzymic oxidation of catechol was 
found to be almost unaffected by changes of pH 
between 4 6 and 8 3, the secondary oxidation of 
glycme was matkedly sensitive to changes m pH 
This IS m agreement with Oparm’s (1927) obser- 
vation that the rate of oxidation of ammo acids by 
ohlorogemo acid mcreases between pH 7 and 12 

Formation of glyoxylic acid Enzyme powder (260 mg ) 
was moubated with 6 mL 0 OlM catechol, 12 6 mL 0 iM 
glyome and 12 6 mL phosphate buffer (pH 7 8), and kept at 
30“ with occasional ahalong A red coloration developed 
rapidly, changing to dark purplish brown at the end of 
3 6 hr The sohd enzyme waa then filtered off, the pmphsh 
filtrate gave no reaebons for proteins On dilution of a 
small portion to a pale colour and addition of free trypto 
pban, a strong blue colour (Hopkins Cole reaction) was 
given 

The remainder of the solution was treated with 0 6 vol of 
0 1% 2 4-dinitrophenylhydrazme m 2ir HCL and allowed 
to stand m the refrigerator overnight A dark granular 
sohd which settled out was removed by decantation, and 
washed twice with 2 k HCl, twice with water and allowed 
to dry After a short extraction with ethyl acetate, the 
bulk of the sohd went rapidly mto a yellow solution leaving 
a heavily coloured residue ^The solution was decanted, and 
the ethyl acetate allowed to evaporate at room temperature 
A yeUow-orange orystaUme product remamed which gave 
a red colour with ethanolio NaOH and a very strong red 
oolour with aqueous KOH The crystals were long, feathery, 
branchmg plates, m p 200° Mixed melting pomt with the 
reagent (2 i-dmitrophenylhydrazine) was depressed to 
179°, mi xed meltmg pomt with hydrazone freshly prepared 
fitom glyoiybo acid, 201° Qlyoxyho.acid had, therefore, 
been isolated in identifiable quantities from the digest 
Oxidation oJ catechol and alanine The oxidation of alanine 
was eiammed m the same way as that of glyome At pH 6, 
0, uptake was not measurable over 4 hr It was demon 
strable at pH 7 1 and 7 8, but much slower than with 
glyome (Table 9) NH, production was correspondingly 
small, and the calculation of NH,/0, ratios hable to too 
great an error to be of any value 
Formation of pyruvic acid Only very small yields of the 
probable oxidation product, pymvio acid, could be expected. 


In the bght of previous expenence (James A James, 1940) 
and after some prehmmary trials, small yields were obtamed 
by the following method Enzyme extract (10 ml ) ivas 
moubated at 30° with 0-005 m catechol, 9 mg alanine, an 
excess of CaCOj and toluene were added and the vol made 
up to 20 ml After 16 hr the digest was distilled under 
reduced pressure The distillate was discarded and the 
digest acidified with dilnte H,SOi, filtered and again dis 
tilled »» vacuo About 20 mL disrate was collected, and 
10 ml 0 2% 2 4 - 4 initrophenylhydm 2 ine added (less would 
have been better) After standing, the yellow solution was 
extracted with ethyl acetate The ethyl acetate solution was 
extracted twice with half saturated Na,HP0i solution 
The aqueous layer was separated and acidified with 2 h HCl 
and then extracted with ethyl acetate A farther transfer 
was made mto 0 060 m NojHPO, which ^took only a small 
frnetioa of the coloured maten^ from the ethyl acetate 
The dilute alkah fraction was separated, acidified and 
returned to ethyl acetate This was allowed to evaporate 
A few yellow crystals were obtamed After further solution 
m dilnte sodium phosphate, and reorystaUization from ethyl 
acetate, crystals were obtamed as diamond shaped bright 
yeUow platelets with m p 216° Meltmg pomt of freshly 
prepared hydrazone of redistilled pyrnvio acid, 216° 

Oxidation of other ammo acute and dipeptidee The other 
ammo acids are oxidized much more slowly than glyome, 
and the alanyl dipeptide more slowly than the glyoyl 
dipeptides (Table 10) For each atom of Oj consumed in the 
oxidation of glycme there is rather less than 1 mol of NH, 
released, probably due to the utilization of NH, in some side 
reaction 'With the much slower rates of oxidation of the 
other ammo acids the discrepancy becomes much larger 

Absence of an amino acid dehydrogenase from the 
insoluble enzyme preparation 

The observation that the secondary oxidation is highly 
sensitive to changes of pH might suggest that it waa 
catalyzed by an anuno-acid dehydrogenase The possibility 
can, however, be discounted for the followmg reasons 

(i) The conditions of preparation of the enzyme are such 
that no dehydrogenase could be expected to survive 

(ii) Malachite green, a reputed dehydrogenase poison 
(Boswell & 'Whitmg, 1938), was found to inhibit the oxida- 
tion of catechol alone and catechol + glycme only slightly at 
a concentration of 0 002 m (m) The polyphenolaae is un- 
usually resistant to heat for an enzyme, and heatmg at 100° 
for 6 mm diminished the oxidation of catechol glycme as 
well as of catechol alone only to a very slight extent 
(iv) The oxidation can be leproduoed, moluding NH, pro 
duotioa, if 0, and polyphenolase are replaced by K,Fe(CN)„ 
and no enzyme is present m the system at alL ( v) &condary 
amines are not ondized, but do form a ooloni^ complex 
(Beevers A James, 1948), and there is no diminution in the 
rate of ommo-aoid oxidation if the enzyme is filtered off 
after forming the coloured complex with a secondary amme 
On addition of ammo-aoid, a normal rate of oxidation is 
catalyzed by the coloured complex. Smoe the enzyme la 
eihanstively extracted beforehand with water, none can bo 
supposed to remam behmd m solution. From these facte it 
seems clear that no enzyme was oatalyzmg the secondary 
ondation of the ammo acid m our extracted system, bnt 
this does not necessarily rule out the existence and partici- 
pation of such an enzyme m the mtaot celL 
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Table 10 Oj nvtale and production after incubation of polyphenolase 
vnth catechol and various amtno-acids 

(26 mg polyphenolase, 0 002si oateohol+O 02M-amiiio acid, phosphate buffer pH 7 8, voL 2 6 ml , 30° ) ^ 

O, uptake (pi ) 


Amino acid 

Catechol 

only 

Glycme 

130 

DL-Alatune 

120 

DL-Phenylalanme 

130 

DL-Ammobntyno acid 

130 

14?) Metkionme 

130 

L-Valme 

130 

1,-Leucme 

130 

DL-lBolenome 

130 

L(T) Aapartio acid 

130 

L-Glntamio acid (163 mm ) 

133 

L Histidme 

130 

L(?) Tiyptophan 

130 

Glycylglyome 

130 

Glycyl 14 ?) lencme 

130 

Dl( ? ) -Alanylglyome 

130 


Formation and activity of a coloured complex 

Wben catechol alone is osadized by the enzyme 
a pale yellow colour is produced which slowly tums 
brown With the low concentrations of catechol 
employed m these experiments the colour was rarely 
deeper than pale straw, even after 4 hr Addition of 
a mm o acid caused the rapid formation of a char 
actenstio mtense red irrespeotive of the rate at 
which the particular ammo acid was oxidized 
Alemine produced a full development of the colour 
at pH 6, although its uptake was negligible at this 
pH and much less than that of glycme at pH 7 8 
(Table 10) 

A similar reaction is given with ammo acids 
present m belladonna extracts from restmg tissues 
On addition of catechol to a suspension of the un- 
washed acetone preparation of the enzyme, the 
typical red colour develops The enzyme, which has 
been washed with water until the washmgs are no 
longer capable of givmg a ninhydrm reaction, fails 
to form the colour when meubated For this reason 
the washed insoluble enzyme was particularly con- 
vement material for the present mvestigation It 
was observed that colour formation is muchjnore 
rapid at pH 7 8 than at pH 6 This effect could also 
be reproduced if the enzyme and Oj were replaced 
by morgamc oxidizers Treatment with cenc sul 
phate m acetate buffer at pH 5 oxidizes catechol 
immediately (Ball & Chen, 1933), but we found that 
colour formation -with glycme or prohne was slow, 
extendmg over 15 mm Oxidation at pH 7 8 witn 
potassium ferricyamde m phosphate buffer led tp 
colour formation almost immediately This obser- 
vation IS significant m the hght of the conclusion of 
Nelson & Daivson (1944) that conversion of o benzo 


Catechol -f 
ammo-acid 

Difference 

Ammonia 

pro(luotion/2 

(fd.) 

264 

134 

no 

160 

30 

9 

169 

39 

21 

164 

24 

12 

126 

— 

16 

103 

— 

* 7 

191 

61 

37 

174 

44 

13 

163 

23 

7 

179 

46 

18 

162 

22 

9 

163 

33 

13 

211 

81 

46 

192 

62 

43 

133 

3 

8 


qumone to p hydroxy-o qmnone is relatively slow 
below pH 7 

Accurate correlation of the amount of colour pro 
ducedwith the amount of oxidation performed is not 
very easy if enzyme and O, are the agents It is 
more readily earned out usmg potassium fem- 
cyamde as oxidizer Two mol of femeyamde are 
equivalent to 1 atom of O 2 and oxidize 1 mol cate- 
chol to 0 qumone It has been shown onp 627 that 
the complete oxidation of the catechol molecule 
requires 2 atoms O 2 ( = 4K3Fe(CN),) By means of 
measurement m a Spekker absorptiometer it was 
found that 4K3Fe(CN), is also needed for the de- 
velopment of the full colour from 1 mol catechol m 
the presence of an excess of glycme 

Colour formation is reversible The colour is 
bleached by ascorbic acid or by magnesium -h dilute 
acetic acid and restored by shaking m air It is also 
bleached by reduction with bisulphite Separation 
of coloured and leuco forms of the compound has 
been obtamed by shaking a deeply coloured solution 
with charcoal for a few mmutes at room temperature, 
and then filtermg The filtrate is completely colour- 
less, but on standmg m air becomes coloured again. 
The amount of colour formed by the second 
oxidation is small compared with the ongmal In 
this way, the coloured compound may be produced 
slowly from the leuco form, even m the absence of 
enzyme, at a stage when catechol is no longer 
present, and it may be bleached with hydrogen 
donors The leuco and coloured compoimds are 
hkely, therefore, to resemble ph'enohe and qumonoid 
lorms respectively, and may be capable of trans 
ferrmg hydrogen reversibly 

The coloured complex, as produced by the action 
of potassium femeyamde on catechol and glycme, 
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IS able to effect oxidation of glycine in the absence of 
any enzyme With femoyanide, catechol and glycine 
present m the molecular proportions of 4 1 10 
{0 66 mg catechol m 2 6 ml phosphate buffer 
pH 7 8) an uptake of O* and production of NHj -were 
clearly demonstrable (Table 11) Both these were 


Oompetitton between catechol and reduced coloured 
complex After a period of about 60 mm , oxidation 
of catechol becomes very slow This is not due to 
mactivation of the enzyme, smce on addition of 
fresh catechol the rate of 0, uptake agam becomes 
rapid (Fig 6, curve I) If glycme is present with 


Table 11 0. uptake and NH, production under varying conditions of oxidation 
(Wts of reagents, o, b, c, d m mg , phosphate buffer pH 7 8, total vol of reaction mixture, 2 5 ml ) 




Wt of reagents (mg ) 
> 


Molecular 


Enzyme K3Ee(0N)4 

Cateohol 

Glycme 

ratio 

Exp 

(») 

(6) 

(c) 

(d) 

bed 

1 

. . 

66 

0 66 

3 76 

4 1 10 

2 

26 

66 

0 66 

3 76 

4 1 10 

3 

26 

66 

I 10 

— 

4 2 0 

4 

26 

— 

0 66 

— 

0 10 





O5 uptake (pL) 
Time (min ) 

A 



Ammonia 

production 

(pb) 

240 

1 — 
10 

20 

30 

46 

60 

76 165 

180 


__ 

10 

36 

01 

88 

110 197 

220 

262 

64 

11 

24 

60 

81 

111 

140 264 

288 

314 

87 

48 

63 

74 

78 

84 

89 112 

118 

137 

10 

48 

63 

73 

78 

90 

96 113 

113 

123 

8 


Control, reagents only at zero tune 


0 


higher m the presence of enzyme, mdicatmg that the 
secondary oxidation is mdirectly accelerated by the 
eiiz3une, though autoxadation without it is qmte 
marked The experiment shows unequivocally that 
the coloured complex can bnng about the breakdown 
of glycme directly without the action of any enz3rm6 



Fig 6 Oxygen consumption after an Initial penod of 
60 mm irhioh is not moluded m the graph Gnrve I 
0 002m catechol present at start and a second eqdhl 
amount added at 60 min , curve II 0 002m cateohol 
-tO 02m glycme present at start, an equal amount of 
cateohol added after 60 mm 

(Table 11, hne 1) The mcreased breakdown of 
glycme m the presence of the polyphenolase (hne 2) 
IS due to faster formation and regeneration of the 
coloured complex, and it has already been shown 
(p 63 1 ) tliat no second enzyme mterverung between 
the coloured complex and the ammo acid is likely 
to be present m our preparations 


catechol from the beginnmg of the experiment, a 
moderate rata of Oj uptake contmues steadily over 
a long period The addition of extra catechol to the 
mixture after 60 mm causes an morease m the rate 
(Fig 6, curve II) , which is not as great as the morease 
obtamedm the absence of the ammo acid It cannot, 
therefore, be supposed that the presence of the 
ammo acid tends to retam the catechol m the 
oxidizable form, as would occur if it were itself being 
oxidized by the mitial catechol oxidation product 
(o qumone) A more probable explanation of these 
results is that the reduced form of the coloured 
complex competes with catechol for the enzyme, and 
18 itself oxidized, but more slowly than catechol 
Relation of amino acid oxidation to amino-acid 
concentration The extent of ammo acid oxidation 
can be estimated either by the NHj produced, or by 
the O. consumed over and above that required for 
oxidation of the catechol Data are available from 
a senes of experiments m which NH, and Oj changes 
were recorded with var5ung amounts of ammo acid 
In all of them 26 mg of the same enzyme preparation 
were used with 0 002m catechol m2 6 ml phosphate 
buffer at pH 7 8 The experiments were earned on m 
the manometers for 4 hr The results are expressed 
m Figs 6 and 7 by plottmg /xl NH3 and Oj against 
the mol ratio glycme/catechol Both for NHj and 
Oj the relation IS hnear from 1 to lOmol glycme/mol 
catechol In neither graph does the hne sprmg from 
the ongm Some NH, is produced from the enzyme 
m the absence of added glycme, and no mcrease is 
recorded with additions of 0 5 and 1 0 mol /moL 
catechol Values < 1 mol are clearly off the hne and 
their departure 13 statistically significant The mean 
deviation of three expenraents at zero concentration 
of glycme from the regression hne of NH, production 
m glycme concentration is 22 4, with a calculated 
probabihty of bemg on the hne of only 0 001 The 
results of this experiment mdicate that there is no 
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oxidation of ammo acid until there is an excess of 
glycme over 1 mol for each mol of catechol, or, m 
other words, that 1 mol of ammo acid enters mto 
combination with the catechol oxidation products 
before oxidation of ammo acids can occur 



Fig 6 Ammonia production with varymg molar concen 
trations of glycme Catechol concentration 0 002m 
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Fig 7 Oxygen consumption with varymg moL ratios of 
glycme andoateohol, the catechol concentration was 0 002m 

The data for consumption are consistent with 
thiH idea, though they are not m tbemselves so con- 
clusive, on account of the greater error mvolved m 
aUowing for the O* consumed m the primary catechol 
oxidation Reference to Fig 7 shows that the results 
for 0 and 0 6 mol glycme/mol catechol agam appear 
to be off the regression hne There are three results 
available for zero concentration with a mean de- 
viation of 10 3 &om the value predicted by the 
regression Calculation by the usual methods shows 
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a probabdity of its belongmg to the curve of only 
0 07 (about 1 m 14 6) There is no evidence of 
additional O2 consumption untd 1 mol of glycme 
has been fixed for every molecule of catechol 
ongmally present 

Substitution of adrenalme for catechol leads to an 
mterestmg result The effect on the Oj uptake of 
addmg glycme to the adrenalme is masked by the 
complexities of the further oxidations of adrenalme 
itself (p 628 ) NH3 IS not released m these adrenalme 
reactions, but is formed when glycme is added The 
efiect of vaiymg the concentration of glycme is 
shown m Fig 8, and it is clear that the curve pro- 
ceeds hnearly to the zero value In other words, the 



Fig 8 Ammoma production from glycme bypolyphenolases 
and adrenalme Adrenalme concentration 0 002m, 
moL ratios of glyome/adrenahne varymg from 0 to 10 

ammo acid is oxidized without the prior formation 
of a coloured complex mvolvmg the ammo acid The 
place of the coloured complex is taken by the 
adrenochrome produced by the oxidation of adrena- 
lme (Blaschko & Schlossmann, 1940 ), and the com- 
bmation of 1 mol of ammo acid with the mter- 
mediate oxidation product is no longer necessary 
before oxidation of glycme can take place 

N-Methyladrenahne and aesculetm are also 
oxidized by the polyphenolase at readily measurable 
rates (Table 2 ), but they do not form a coloured 
compound like adrenochrome either alone or with 
addition of ammo acid They are also unable to set 
up an oxidation system for glycme 

Discussioisr 

The secondary oxidation of ammo acids by poly- 
phenolase systems has been assigned considerable 
importance m the mtrogen metabolism of plants, 
but has not been exammed extensively The general 
characteristics of the system, as it exists m jltropa 
belladonna, are shown by the experiments described 
above The enzyme oxidizmg the polyphenol can 
be prepared m a highly active, insoluble form by 


k 
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precipitation with acetone From this the remammg 
polyphenols and ammo acids can be washed out 
with water, leavmg a large proportion of the original 
polyphenolase activity m the precipitate Pure cate 
ohol IS vigorously oxidized by tliis precipitate with the 
uptake of approximately 2 atoms Oj/mol catechol 
oxidized ^ and the greater part of the enzymic activity 
remains unimpaired when this has been done 
In the absence of other oxadizable substEinces, 
brown condensation products of the catechol appear 
The oxiiation of catechol is httle affected by changes 
of pH over the range 4 6-8 3 , but other polyphenols 


H 



is also faster at pH 7 8 than m shghtly acid solutions, 
whether morgamo oxidizers or enzyme + O 2 were 
used It appears probable, therefore, that the 
coloured compound is formed by the reaction of a 
molecule of p hydroxy 0 qumone with a molecule 
of ammo acid This ammo acid molecule is not sub 
sequently released m oxidized form Its conden- 
sation with the qumone precedes the oxidation of 
further ammo acid 

Condensation of the ammo group at the 4 position 
of the nucleus is confirmed by the mabdity of 
aesculetm, m which this position is already occupied. 


H 



may behave differently, smce the oxidation of 
adrenahne was found to be much faster at pH 7 8 
than at 4 1, and the total uptake of Oj much greater 
than with catechol The enzyme is poisoned by 
0 001m diethyldithiocarbamate and, therefore, pro 
bably contains copper, but, hke many other plant 
polyphenolasea, it is markedly resistant to 0 001m 
cyamdo Catechol is reduced agam by ascorbic acid, 
for example, and a continuous oxidation system with 
catechol os catner can be set up It would be natural 
to suppose at first that the progressive oxidation of 
ammo acids was similarly achieved, but the results 
obtamed suggest a rather more complex mechanism 
On addition of eimmo acid to the enzyme catechol 
mixture a rich red coloration develops, altogether 
different &om the brown colours with catechol alone 
Similar colours are given by some other primary 
ammes The addition of one eqmvalent of ammo 
acid does not result m the release of any ammoma, 
and with further additions of ammo acid there is 
a hnear mcrease m the amount of ammoma released 


to form a coloured complex, even when oxidized 
(p 634) The Oj uptake m this case was eqmvalent to 
less than 1 atom of OJmol of aesculetm It would, 
therefore, appear that no hydroxyl group is attached 
and no condensation occurs m positions adjacent 
to the o-hydroxyl groups Further confirmation is 
afforded by the behaviour of adrenahne On oxida 
tion it forms adrenochrome (Green & Richter, 1937 , 
Blaschko & Schlossmann, 1040), which is not unlike 
our coloured compound m tmt and mtensity of 
colour Rmg closure occurs at the 4 position, no 
ammoma is released, but the adrenochrome formed 
IB able to oxidize glyome with hberation of ammoma 
firom the ammo acid With the fully N substituted 
JV-methyladrenalme which is a tertiary base, no 
such cychzation can occur and the oxidation of 
glycme is not catalyzed 

Assummg, for the above reasons, that the coloured 
compound is formed by condensation of ammo N at 
position 4 on the nucleus, we may write its formation 
as follows 



The oxidation of 1 mol of catechol to o benzo- 
qumone requires only a single atom of Oj or its 

eqmvalent Reasons Have been advanced by Nelson 

a, Dawson (1944), usmg potato tyrosmase, for sup- 
posing that the consumption df the second 0. atom 
leads to the formation of p hydroxy-o qumone, 

which occurs slowly at pH 4 and faster at pH 7 It is 

significant that colour formation m our experiments 


The coloured condensation product, which seems 
at present to be best formulated as a substituted p- 
ammo 0 qumone, does not condense rapidly hke p 
hydroxj- 0 qumone, but becomes the actual oxidizer 
of the ammo acid The participation of the enzyme 
may be hmited to its imtial formation Once the 
coloured compound is formed, its reduction by the 
ammo acid is non enzynuc, and its reoxidation m 
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the presence of oxygen may occmr spontaneously 
also Nevertheless, the reduced coloitted compound 
is capable of umtmgwith the enzymeaurface(p 633), 
where its reoxidation appears to be accelerated 

SUMMARY 

1 From Atropa belladonna leaves a catechol 
oxidase has been isolated which is highly active m an 
insoluble form It was obtamed free from poly- 
phenols and ammo acids 

2 It was found to oxidize catechol with the rapid 
uptake of approximately 2 atoms of oxygen/mol 
catechol , further oxygen uptake was slow 

3 Phloroglucmol, p cresol, adrenahne, N methyl 
adrenahne and aesculetm were also oxidized rapidly , 
hydroqumone and gaUie acid more slowly , aesculm 
very slowly and resorcmol not at aU 

4 Vernation of pH between 4 6 and 8 3 had httle 
effect on the rate of oxidation, cyamde inhibited 
very shghtly, but diethyldithiocarbeimate more 
strongly Ceirbon monoxide inhibited, and the m 
hibition was not reversible by hght 

6 Secondary oxidation of glycme took place with 
release of a mm onia and uptake of eidditional 


oxygen The volume of ammoma produced was 
approximately double the volume of extra oxygen 
consumed Glyoxybc acid was isolated from the 
reaction products No carbon dioxide was released 
Pyruvic acid was similarly obtamed from alamne, 
but the reaction was much slower than that with 
glycme 

6 Other ammo acids and dipeptides were oxidized 
much more slowly than glycme, and some not at all 

7 Formation of a red colour preceded the secon- 
dary oxidation Once d; is formed, its reduction by 
the ammo acid is non enzymic, and its reoxidation 
m the presence of oxygen may occur spontaneously 
Nevertheless, the reduced coloured complex is 
capable of unitmg with the enzyme surface, and its 
reoxidation may be accelerated Reeisons are given 
for supposmg that the coloured complex, probably 
a p ammo 0 qumone, is the immediate oxidizer of 
the ammo acid, and that the role of the poly- 
phenolase fe limited to its formation and possibly 
also its regeneration m the system 

The authors had the pleasure and profit of frequent dis- 
cussion with Dr E M. Trautner while this work was in 
progress They are indebted to Dr H Blasohko for a sample 
of N methyladrenalme 
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The Behaviour of Secondary and Tertiary Amines m the 
Presence of Catechol and Belladonna Catechol Oxidase 


By H beevers aitd W O JAMES 
Oxford Medicinal Plants Scheme, Department of Botany, University of Oxford 

{^Received 13 February 1948) 


The results presented m the precedmg paper ( J ames, 
Roberts, Beevers & do Kook, 1948) showed that 
a polyphenol oxidase from belladonna, using cate 
chol as an mtermediate, was capable of oxidizmg 
certam primary ammo acids The present paper 
describes the effects of the same enzyme system on 
secondary and tertiary ammes, and, m addition, the 
oxidation of glycme which occurs when it is added 
to a complex of catechol and secondary amme m the 
presence of the enzyme 


EXPERIMENTAL 

The enzyme was prepared as described m the precedmg 
paper (James et al 1948) and the manometnc teclmique 
was essentially the same, the experiments 'were earned ofit 
at 30°, and the solutions were buffered to pH 7 8 by 
the addition of 0 1m phosphate mixtures When two 
reactants were to be added separately to the mam 
mixture in the manometer vessels, Keilm cups were 
employed 
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RESULTS 

The reactions of secondary amines with the 
enzyme catechol system 

No Og uptake was observed when secondary amines, 
e g dimetbylamme, were added alone to an enzjrme 
suspension and no colours developed When cate 
chol was also ewided a strong colour qmcklyapxieared 
It was noticed that, with secondary amines, this 
colour was different from that developed with 
primary ammes and ammo acids Thus, whereas 
methylamme, glycme, alanme, leucme, aspartic 
acid, glutamic acid and other primary ammo acids 
produced reddish brown colours, the secondary 
ammes, dimethylamme, prolme, sarcosme and nor- 
tropme gave rise to deep royal-purple colours 
Although the colours produced were different, it was 
clear that the secondary ammes were reactmg with 
an oxidation product of catechol m a way analogous 
to that which occurs with ammo acids, and memo 
metric experiments were earned out to discover if 
any oxidation took place under these conditions 

Solutions of the desired amine (0 6 ml ,01 m) were placed 
m the mam chamber of manometer vessels with CO mg 
enzyme suspended m 1 6 mL 0 066m phosphate buffer at 
pH 7 8, and 0 01 m oateohol (0 6 ml ) was placed m the ode 
arms Control mna with water Instead of secondary amme 
were set up After 16 min shaking at 30°, the oateohol was 
tipped m and the Og uptakes measured over 200-240 mm 

Pig 1 A and B shows the results obtamed with 
the secondary ammes hsted above In the controls, 
the catechol was oxidized vigorously m the usual 
maimer, and the Oj uptakes, which were very steep 
at first, flattened out as the substrate was used up 
On addition of the secondary ammo there was no 
significant mcrease m the rate of 0, uptake, even 
after a period of 4 hr Although royal purple colours 
were developed m the presence of the secondary 
ammes, it was obvious that the formation of the 
coloured complex did not mvolve any extra Og 
uptake, and, furthermore, there appeared to be no 
oxidation of the secondary ammes under conditions 
m which ammo acids are oxidized '■ 

The reactions of tertiary amines with the enzyme- 
catechol system 

As differences m behaviour of amin o acids and 
secondary ammes had been encountered, some ex 
penments with tertiary ammes were earned out In 
particular, it was of mterest to know whether the 
belladonna enzyme would oxidize the belladonna 
alkaloid, laevo hyoscyamme, and the basic alcohol, 
tropme, of which it is the tropyl ester Similar 
experiments to those desenbed above for secondary 
ammes showed that no colours were developed 
when catechol was oxidized by the enzyme m 
the presence of laevo hyoscyamme, tropme or 


tnmethylamme neutralized with hydrochlonc acid 
Manometnc determmations established that the 
tertiary ammes ware not themselves oxidized 

(Fig 10) 
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Pig 1 Oxygen consumed by boUadorma poljphenolase 
oateohol system, A and B with secondary amiies and 0 
with tertiary ammes, all present in a-pj ’'centration 
10 times that of the oateohol oonoentratiog'^^^^002u) 

The effect of addition of glycme to mixtures ‘containiilg 
enzyme and equimolar concentrations of catechol and 
secondary amine 

Reasons were given by James et al (1948) for 
Bupposmg that the formation of a coloured complex 
made up of 1 mol of oxidized catechol aud 1 mol of 
ammo acid is an mtermediate m the oxidation of 
ammo acids by this enzyme system sSmee secondary 
ammes may be used as substitutes for ammo aoids 
m the formation of a coloured compound, the 
coloured compounds which they form might then 
act as mtermediates m the oxidation of ammo acids 
The experiments which follow show that this is m 
fact true / 

The results of James et al (1948) showed that 
even m the presence of a tenfold excess of secondary 
amme, no extra Og uptake occurred apart from that 
whioh was found with catechol only 

Manometnc experiments were performed m which 0 05m 
oateohol (0-1 mL) was added from a Keilm cup to the mam 
chambers of manometer vessels contammg 60 mg enzyme 
m ISmL buffer pH 7 8 and 0 05 m secondary amine 
(O-I ml ) Glycme (O 6 ml , 0 1 m) was placed m the side 
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arms of some of the vessels, and it was thus possible to 
begm the oxidation of the oatfeohol by dislodging the Kedm 
cups, and then to add the ammo acid after any desired 
mtervaL 

The oxidation oj glycine in the presence of dimethyl 
amine Pig 2 shows the results of experiments in 
which glycme was added after 20 min [A) and 
76 mm (B) to flasks contammg (i) enzyme, catechol 
and dimethylamme (curves a and b) , (u) enzyme and 
catechol without dunethylamme (curves c and d) 



Pig 2 The effect on 0, uptake of addmg glycme after A, 
20 mm and B, 76 mm to mixtures oontainmg en 2 yme, 
catechol and dimethylamme (a and h), and enzyme and 
catechol without dimethylarmne (c and d) Curves e and / 
are controls to which no glycme was added 


Curves e and/ show the Oj uptakes of control flasks 
contamingWzyme with catechol and dimethylamme 
to whicl^o glycme was added, and m these the 
uptake svpped when 2 atoms 02 /mol catechol had 
been al^dt id. The Oo uptakes of systems o, c and c 
(Pig.^'Sjd) were almost mdistmguishable from each 
other durmg the first 20 mm , although purple 
colours had developed m a and e At the end of this 
tune, the glycme was tipped fi:om the side arms of 
vessels a and c A vigorous additional Oj uptake 
then commenced m a, while m c also the glycme was 
oxidized, but at a noticeably slower rate After 4 hr , 
1 e 220 mm after the addition of the glycme, the 
oxidation m the presence of dimethyleunme had 
accounted for a total additional uptake of 146 yl 
Oj, while m its absence only 70 yl had been 
absorbed In Pig 2B the Oj uptakes of the three 
systems b, d and/ were very similar until the glycme 
was tipped m after 76 mm , and, by this tune, the 
enzyme had almost completelj oxidized the added 
catechol In this case also, the addition of the 
glycme to the flask contammg dimethylamme pro- 
duced an immediate extra Oj uptake (curve b) and 
166 mm later the total amoimt of Oj uptake duo to 
the added glycme was 130 pi The contrast with 
curve d (no dimethylamme), was even more 
marked than after 20 mm , smee the addition of 
glycme produced only a small additional uptake of 
26 pi 


The Oj uptake curves m Pig 2, and a comparison 
of the amounts of glycme oxidation show clearly that 
glycme is oxidized much less readdy when its 
addition, m the absence of dimethylamme, is delayed 
until after oxidation of catechol has begun, and, if 
this has progressed nearly to completion, the amount 
of glycme oxidation is very small mdeed When 
dunethylamme is present at the outset, there is no 
such diminution m the rates of oxidation when the 
addition of glycme is delayed to suqcessively later 
stages Indeed, when glycme was added after 
76 mm , the oxidation was shghtly more rapid than 
that after 20 mm , smee ahndst equal amounts of 
glycme had been oxidized m the two cases at the end 
of 4 hr 

The oxidation of glycine tn the presence of sar cosine 
and proline It wa sfound that sarcosme and prohne, 
which are not themselves oxidized under the experi- 
mental conditions, acted m the same way as di- 
methylamme Whenglyomewasaddedafter 100mm 



Pig 3 The effect on 0, uptake of'hdding glyoine after 
100 TTiin to (a) enzyme, catechol and sarcosme, and 
(6) enzyme, catechol and prohne Curve (c) is a control 
without added glycme 


to flasks contammg sarcosme or prohne, m addition 
to catechol and enz 5 mie (curves a aijd b m Pig 3), 
a rapid Oj uptake began m each case The oxidation 
of the catechol was almost complete when the 
glycme was added, and very httle further Oj uptake 
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The Coenzyme-Uke Action of Tryptophan in the Biosynthesis of Nicotinamide by Bad coll 
By P EiiiiNGEB and M M Abdel EAdeb 


2,4,5 and 7 methyl tryptophans (2naM) prepared 
and kmdly supphed by Dr H N Bydon (1948) 
mhibit m mtro completely the synthesis of mcotm 
amide (Nam ) m an ammomum lactate (am lact ) 
medium oontammg ormthme (2mji) by Bact colt 
without affectmg their growth Tins inhibition, m 
combmation with results by Heidelberger, GuUberg, 
Morgan & Lepkowsky (1948) that after mtake of 
tryptophan-^C?* the ehmmated Nam metabohtes 
were not radioactive, suggested the possibdity that 
tryptophan was not directly converted mto Nam , 
but acted only as catalyst of the synthesis 

Tins hypothesis was tested by the foUowmg 
experiments 

Washed cob, broken up coh, sahne washmgs 
of the latter, tmdialyzed and dialyzed, and the 
washed cell fragments were tested for then- activity 
to synthesize Nam m sahne phosphate or am lact 


media oontammg no addition, tryptophan, ormthme 
or both of them m mM concentrations Wilde the 
washe d cell fragments had lost all N am syntheaizmg 
abihty the four other preparations showed essentially 


identical behaviour 

No Nam was formed m sahne phosphate medium 
m the absence or presence of tryptojihan even when 
glucose was added as source of energy In am lact 
or when ormthme was added to either medium Nam " 
formation occurred which mcreased by three to 
seven tunes when tryptophan (Imu) was added to 
am lact The already considerably greater Nam 
synthesis from ormthme wsis httle mcreased m am 
lact and not m sahne phosphate 

These results faveur the conception of a coenzyrae 
hke action of tryptophan m the bacterial Nam 
synthesis 
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Investigations on Porphyrin Formation 'in Rabbits with the aid of “N By Helen M MxrtB 
and A Nedbergeb {National Institute for Medical Research, Hampstead, N W 3) 


Shemm & Rittenberg (1946) have shown that the 
mtrogen of glyome is utdized specifically for the 
synthesis of porphyrms m the rat and m man The 
present mvestigations were earned out m order to 
estabhah whether the glycme N enters mto all four 
pyrrole rings For this purpose it was necessary to 
elaborate micro methods for the degradations of 
porphyrms Rabbits were fed 300 mg glycme (30 
atom % excess 1 kg body weight over 4 days 
and lulled 2 weeks later From the haemoglobins 
protoporphyrm methyl ester was obtamed which 
was reduced with Pd and methyl methacrylate 


polymer to mesoporphyrm ester (80% yield) The 
latter was oxidized to methyhnaleimide and hae 
matimc acid m 65-70 % yield These two substances 
were obtamed crystaUme The contents of both 
substances were sunilar, suggestmg that glycme or 
a metabohe derivative of glycme is the precursor of 
the mtrogen m both acidic and non -acidic pyrrohe*^ 
rmgs Experiments carried out on rats, m which 
the ^*N content of haemm was compared after 
feedmg eqmvalent amonnts of isotopic glycme and 
ethanolamme, mdicated clearly that the latter is 
not a precursor of the porphyrm structure 
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The Mcro-estimation of Citric Acid By H WEH-ldALHEBBE {RunweU Hospital, nr Wickford, 


The methods m which citnc acid is estimated as 
pentabromoacetone consist of two phases (1) the 
coni'orsion of citric acid mto pentabromoacetone, 
(2) the estimation of jiontabromoacetone formed 
Most recent modifications concern thelatter, whereas 
the former has hardly been changed smee it was 


described by Stahre m 1896 However, the use of 
KjVIhO^ as oxidizmg agent is not without danger as 
an excess must be avoided, furthermore, recoveries 
are often low m presence of other oxidizable sub 
strates In the modification proposed citnc acid is 
oxidized at 60° C by vanadic acid m IOn-HjSO^ m 
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followed manometncally/ by COj evolution The 
breakdown was very sensitive to nicotinamide, 
10 ® M-mcotmamide reduced the rate of breakdown 
of 3 X 10"* M;-co2ymase to half its uninhibited value 
The optimum pH of the reaction was c 7 , it was 


almost unaffected by many morgamc salts The 
system responsible for the reaction remamed asso 
ciated witli tissue debris m isotomc solutions, and 
was fairly stable at 0 or 37° but mactivated rapidly 
at 70° It was easily obtamed m solution m water 
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A Physical and Chemical Study of Bence-Jones Protein with especial reference to its Methionine 
Content and the possible significance of this By C E Deot? and G A Rose {Medical Unit, 
Umversity College Hospital, W C 1) 


The urmary protem passed by a patient with 
multiple myelomatosis has been studied It gave the 
classical heat reactions for Bence-Jones protem 
(Osgood & Haskins, 1931) On electrophoretic 
analysis (by Dr E L Alhng) it gave one shghtly 
asymmetrical peak migratmg with the mobihty of 
fibrmogen Saltmg-out experiments with sodium 
and zmc sulphates failed to reveal the presence of 
more than two constituents of which one comprised 
about 90% 

Analysis of the hydrolysate by paper chromato- 
graphy (Consden, Gordon & Martm, 1944) revealed 
the presence of all the common ammo acids except 
metluorune and hydroxyprohne Metluomne was 
later confirmed to be absent by rat growth experi- 
ments, by microbiological assay (by Dr J G Heath- 
cote), by the colorimetric chemical method of 
McCarthy and Sulhvan as modified by Horn, J ones 
& Blum (1946) and by a gravimetnc chermcal 
method (Lugg, 1938, Masters, 1939) Supplementa- 
tion with methionme allowed the protem to support 
the growth of rats at the same rate as when they 
were fed casern 

It seems that the absence of methionme m this 
sample, if confirmed for other samples, could provide 
further evidence for the abnormal nature of Bence- 

Jones protem Very few proteins are metluomne free 
and all the main fractions of human plasma protem 
contam significant quantities (Brand, Hassell & 
Saidel, 1944) 

Our patient excreted for some months before 
death about 36 g daily of what therefore appears to 
be a fairly pure protem Such Imge protem pro- 


duction IS not known to occur m normal or neoplastic 
tissues The daily output was not related to his 
olmical condition or to the dietary or mtravenous 
mtake of protem, nor did it rise after feedmg back 
by mouth 60 g of his own Bence-Jones protem m 
addition to his normal diet Other workers have 
faded to find Bence-Jones protem m normal body 
flmds (Kydd, 1934) or bone marrow (Martm, 1947) 
Our methionme analyses also suggest that it is 
probably foreign to the body 

It is suggested that the above facts relatmg to the 
protem could be explamed if multiple myelomatosis 
were the result of an infection by a virus, which 
stimulated the plasma cells to reproduce rapidly, 
as m the case of the white cells m fowl leukaerma, 
and if Bence-Jones protem were the protem which, 
when attached to a nucleic acid, comprised the virus 
itself There are analogies m the behaviour of known 
viruses which make this theory feasible They may 
grow so rapidly as to comprise the major portion of 
an organism (Stanlej^ 1937), and may produce pure 
protem as weU as nucleoprotem (Markham, Mathews 
& Srmth, 1948) Further, vims proteins have been 
usually found to bo methionme free (Block & BoUmg, 
1947, p 304, Chandler, Gerrard, du Vigneaud 
& Stanley, 1947, Knight, 1947) 

In the plasma cells of myeloma patients treated 
with stdbamidme. Snapper, Mrrsky, Ris, Schneid 
& Rosenthal (1947) find basophd mclusion bodies 
which they attribute, on the basis of stammg 
reactions, to the presence of a ‘foreign nucleo- 
protem’ Wo behove this coilld be the virus m 
question 


/ 
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UtlUzatioii of Acetate by Tissues of the Ruminant By S J Folley and T H French [National 
Institute for Research tn Dairying, University of Reading) 


Utilization of acetate by bver and kidnoj'' of small 
anunals bos been shown by various authors (see 
Bloch, 1947) Smc 0 nimmants absorb considorabio 
quantities of lower fatty acids, mauily acetic, pro- 
duced by fermentation of carbohydrates in the 
rumen (see Elsden A Phillipson, 1948), the meta- 
bolism of acetate by nimmant tissues is of consider- 
able mterest 

We have studied the respiratory metabolism of 
tissue shoes (mainly lactatmg mammary gland) 
from nimmants, m presence of acetato, by the 
method of Dickens & §uner (1931) wluoh enables net 
acid production or utilization to bo convemently 
measured Results so for mdicate no unusual 
abdity of nimmant hver (sheep, goat) to utihze 
acetate as compared with rat hver Kidney however 
shows a high with acetate (26-27), much greater 
than with glucose (17), and a marked acetate 
y ‘utilization ( — = 8-11) which exceeds tliat of rat 

kidney Lactatmg mammary gland from nimmants 
also exhibits striking utilization of acetate but with 
high B Q , m contrast to gland from the rat and 
mouse which does not appear to utihze acetate 
With 0 02m acetate as substrate, results (each 
determmation m dupheate) were obtamed with 
lactatmg mammary gland as follows 

Mean for six goats 

Qo,. -62±06, 0^, -42±07, 

B Q , 1 20±0 08 

Values for two cows 

Qof> ~ 3 0, —7 3, ~1 —4^4, 

B Q , 1 06, 1 16 


Mean for six rats 

-48±03, «^,06±02, 

bq,0 76±006 

By contrast, with glucose as substrate, which is 
utihzed with high B Q by lactatmg mammary 
tissue from all non-rummante (rat, mouse, gumoa 
pig, rabbit) so far studied (Folley A French, 1948, 
and further unpublished work), nimmant udder 
tissue shows httlo if any merease m above endo 
genous values and the b Q is low 

Mean values for ten goats 

Qo.* -4 9, ±0 3, <3^,16, ±0 1, 

B Q , O 87 ± 0 02 

Values for two cows 

Qo,. -2 2, -4 7, (3^,17,2 3, 

B Q , 0 64, 0 93 

Under our conditions lactatmg mammary tissue 
of nimmants appears to differ from that of non 
nimmants m its abihty to metabolize acetate rather 
than glucose and the lugh B Q is consistent with the 
possibihty that fat is synthesized from acetate 
These results may tlirow hght on the origm of the 
short cham fatty acids (Cj-Cn) which are a feature 
of nimmant milk fat (Hilditoh, 1947) If part of the 
milk fat m the nimmant is synthesized from acetate, 
a theory consistent with the demonstration that 
acetate can be built mto fatty acid chains m the 
body (Rittenberg A Bloch, 1946) and with the high 
m mvo B Q of the nimmant udder (see Folley A 
French, 1948), the short cham fatty acids may well 
be mtermediates of this process ' 
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Nicotinic Acid In Cereals 2 The Effect on Chemical Assays of using Different Blanks 
By CHnoB Klatzkdt, P W Nokris and F Wokes 


lOatzkin, Noms & Wbkes (1948) found on germina- 
tion of oats a significant increase in the nicotinic 
acid content, as determined by cbenncal and by 
microbiological methods All the chemical results 
were, however, considerably higher than the rmcro- 
biological results on the same samples Further 
experiments on a new senes of gemunated oats 
samples have shown that this matenal contains 
large amounts of mterfering substances (occurrmg 
especially m the husk) which are not completely 
removed m the adsorption step Some of these 
develop mterfermg colours on addition of the amme 
reagent and are thus not allowed for m the solution 
blank (Melmck & Eield, 1940, Danu & Handler, 
1941) or total reagent blank (Bandier & Hald, 1939) 
The amme blank (Harris & Rajmond, 1939) as 
employed on cereals by Kodicek (1940) makes better 
allowance for the mterfermg substances, but was 
found to give more variable results, perhaps because 
it does not allow for bleachmg of the mterfermg 
colours by the cyanogen bromide By employing 
a full senes of blanks, more complete allowance can 
be made for these mterfermg substances and the 
chemical results brought nearer to the microbio- 


logical results for both ungermmated and gemunated 
oats and wheat, for both of which discrepancies ha3 
been found between chermcal and microbiological 
results (James, Noms & Wokes, 1947) When usmg 
the fuU series of blanks such discrepancies stiU 
occurred with oats m the early stages of gennmation 
but were much reduced On the other hand, with 
different samples of maize the discrepancies were 
scarcely altered If the microbiological results had 
been lowered by the presence of an anti vitamm, 
tins would be more hkely to occur m oats or 
maize 


Chemical results as percentage of microbiological results 


Cereal examined 

Oats, early stages of germinataoii 
Oats, late stages of germination 
Wheat, early stages of germination 
■Wheat, late stages of germination 
National flour 
Maize (3 samples) 


Blanks used 


/ 

Solution 


and total 

FuU 

reagent 

senes 

164 

131 

166 

106 

108 

109 

147 

102 

170 

114 

190 

181 
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Grystalliae Retinenej By M K S auah and R 
Liverpool) 

Retmen^ from fresh water fish retmas (Wald, 1937) 
IS a deeply yellow substance soluble m hght petroleum 
and characterized by 405mp, (CHCI3) and 

702-706mp (SbCls colour test) 

Morton, Salah & Stubbs (1946) prepared retmene* 
from the unsaponifiable fraction of hng cod hver oil, 
which IS nch m vitamm A, , and similar preparations 
have been made from pike hver concentrates 

By feeding retmenOj to rate (Morton, Salah & 
Stubbs, 1947), or by the use of al uminium isoprop- 
oxide (Ponndorf reaction) vit amin Aj is produced 
Retmenej (prepared by chromatography of mixtures 
containmg much retmene2), shows 406mg. 

(CHClj) i?i L. 1300 ^<1 1^1^® colour test '13Bmg, 
dnftmg slowly to 706m/i (8 mm ) 

0 24 g in 2 ml hght petroleum, slowly cooled to 


Mobton (Biochemistry Department, University of 

— 70°, yielded a red oil from which the solvent was 
decanted The oil was dissolved m fresh hght 
petroleum and agam cooled very slowly, yieldmg 
tmy orange crystals mp 57° 386m/i 1320 

(cyclohexane) Recrystalhzed from 1 ml of hght 
petroleum the meltmg pomt rose to 69°, E\'^ 1420 
Further recrystalhzation raised the melting pomt to 
61° and E{'^ 386mfi, 1460 (cyclohexane) and sub- 
sequent recrystalhzation brought about no change 
The entire preparation, startmg from 2 kg Img 
cod hver oil was repeated The crystallized retmenoj 
(prepared by P D Dalvi) was spectroscopically 
almost identical with the above product, but the 
meltmg pomt was 77° Analysis agreed closely with 
CjflHjjO The difference may be due to dimorphism 
or ms trails isomerism 
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Properties of rcltncnCf 


Soil ont 


cydoHexane 

385 

Light petroleum 

385 

300 

Chloroform 

405 

408 

Ethanol 

390 

400 

SbClj reagent at first 

735 

735 

After 24 hr 

095 

473 

Sulphuric aoid 

735 

Phosphono acid 

735 


700 

Alcohoho p-ammobenzoio acid and 

645-500 

cone HCl 

Alcohohe aniline and cone HQ 

62^35 


cm* 

Inlloxion (mg) Moltmg point ( 

1400 

c 510 

01 

1400 

C.310 

01 

1460 

e 310 

77 

1420 

c 315 

01 

1367 

c 320 

77 

1240 

c 310 

01 

1400 

C.315 

77 

4050 

705 

01 

3720 

705 

77 

— 

040, 680, 600, 610 

01 


At first 470mg later 005 and 

— 


605 appear on standing 


— 

— 

01 

— 

— 

77 

— 

Violet colour 

— 

_ 

Violet colour 

— 


The colour test, studied on the Beckman epectro- fade from the start, but the former fades much 
photometer shows that the 736 and TOSmfima^a more quickly than the latter, so that after a 
actuaUy appear mstantly at full strength, the few mmutes an actual maxima at lOomp can be 
latter, howei’or, bemg an inflexion Both bands recorded 


EEFERENCES 

Morton, E A,Salah,M K 4; Stubbs, A. L.( 1940) Bioditm Morton, K A,Snlah,M K 4 Stubbs, A L (1947) Biochm 
J- 40, Proo hx . 41, Proc xxiv 

Wold, G (1937) J Gen Physiol 140, 646 


The Function of Carbonic Anhydrase in Gastric Mucosa By R E Davies and J Edeiuan. 
{Unit for Research tn Cell Metabolism, Department of Biodiemxstry, The University, Sheffield 10) 


Carbomo anhydrase was fotmd m oxyntio cells by 
Daienport (1939, 1940a), who clauned to have 
inhibited carbomo anhydrase, and hence gastric 
HCl secretion, m dogs by thiocyanate (Davenport, 
1940b) However, Feldberg, Keihn & Mann (1940) 
showed that acid secretion by oats was largely 
inhibited by thiocyanate when the gastric carbomo 
anhydrase, estimated at either 0 or 16° m extracts 
made by grin ding the tissue with sand, was only 
10% inhibited No inhibition of acid secretion 
occurred when the gastric carbomo anhydrase. 
estimated as before, was between 80% and ‘com 
pletely ’ inhibited by sulphamlamide (not less than 
6 4 X lO'^M m the blood) (Feldberg, Keilm &/ Mann, 
1940, 1948) Davenport (1946) also faded to inhibit 
acid secretion m cats with 1 4 x 10”^ m thiophene 
2 sulphonamide and withdrew the ongmal claim 
Sumlar results on turtles were reported by Anderson 
& Wdbur (1948) - 

Smoe the animals used were respiring normally, 
it seems certain that m all these experiments the 


carbomo anhydrase of the blood and therefore of the 
stomach was not completely inhibited tn vivo 
However, less than 1 % of the activity of the enzyme 
extractable from oxyntic cells is required to catalyze 
the uptake of COj durmg the HCl secretion (Davies, 
1948, Davies & Boughton, 1948) 

A senes of twenty eight experiments has been 
earned out usmg acid seoretmg frog and toad gastnc 
mucosa (for techmque see Davies, 1948) The 
addition of the carbomc anhydrase inhibitor 
p toluenesulphonamide (Krebs, 1948) to final con- 
centrations of 1 7 X 10-*M always caused complete 
mhibition of acid secretion (3 exps ), at 10"-u the 
was lowered but acid secretion contmued 
(4exps ) whilst 3 X 10"’, 10-^ IQ-* or 10“® m solutions 
did not inhibit respiration or acid secretion (6 exps ) 
Even 1 7 X 10“* m p toluenesulphonamide had no 
effect on the unatimulated respiration of frog liver, 
sartonus muscle, back skm, pancreas or gastnc 
mucosa (10 exps ) (compare Mann & Keihn, 1940) 
At this concentration the was mhibited shghtly 



PROCEEDINGS OE THE BIOCHEMIOAL SOCIETY 


Ivm 

during the first i hr after addition and completely 
durmg the second ^ hr and subsequently There was 
an mcrease m'the this would be expected if 
the oxyntic cells were damaged (3 exps ) Similar 
effects were obtamed with 10-* M-p sulphonamide 
benzoic acid and IQ-s M-prontosd soluble but not 
with 7 X 10-® M sulphamlamide (6 exps ) (Krebs, 
1948, compare Keldberg ei al 1940) 

Carbomc anhydrase is needed to prevent accumu- 
lation of alkah m acid-secretmg oxyntic cells (Davies 
& Roughton, 1948) and to allow the cell to transport 
Cl~ ions fi:om the medium m exchange for HCO^ ions 
(compare Keihn&Mann, 1941) Complete mlubition 
of the enzyme should thus lead to the disorganization 
of acid-secretmg oxyntic cells The of acid- 


secretmg frog and toad gastric mucosawasreducedby 
1 7 X 10~*M-p toluenesulphonamide by the amount 
expected (usually 20-30%) if the respiration of 
the acid secretmg oxyntic cells had been stopped 
(6 exps ) 

No trace of carbonic anhydrase activity was ever 
foimd m concentrated extracts of mucosa from such 
experiments, usmg the techmque of Krebs & Rough- 
ton(1948) the extracted enzyme was inhibited more 
than 99 % No direct evidence is available as to the 
fraction of the enzyme inhibited m the intact oxyntic 
cells, but these experiments are m accordance with 
the theory advanced previously (Davjes, 1948) that 
carbomc anhydrase plays a role m the process of 
acid secretion by these cells 
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A Study of the Partition Chromatography of Normal Urines By D A Hat.t. (Department of 
Medicine, Leeds) 


The use of partition chromatography for the analysis 
of gross changes occumng m unnary ammo acid 
output m conditions such as acute yellow atrophy, 
and Pancom symdrome, has been demonstrated by 
Dent (1947) In attempts to apply the method to an 
exammation of the partial ammo acid-unos oh 
served m diabetes, it has been found that far less 
clear-cut results can be obtamed From a study of 
eighty cases of diabetes it appeared that only m 
forty cases was there any mnhydrm positive material 
present m detectable amounts, and only m twenty 
was marked ammo-acid-uria existent Hence it 
appeared desirable to determine whether normat 
urines showed similar variations, so that a basis for 
comparison could he obtamed 

Normal iirmes from students and from hospital 
cases havmgno known metabohc disorder, have been 
exammed, and the foUowmg facte, essential before 
comparison can be made with any but the more 
gross cases of ammo acid-una, have been observed 
There is ncrmarked relationship between the total 
concentration of ammo acids in the iirme and the 
sum of the mdividual mtensities of the separate 
spots on the chromatogram 'The sum of the arbitrary 
values assigned to each spot, m the majority of 


normals, hes below 6, whereas 26 % of the diabetes 
samples have values m excess of 16 (On this scale 
the values for a urme sample from Fancom’s syn- 
drome would have a value of about 60 ) Vanations 
m protem mtake between 16 and 160 g per day do 
not alter the ammo acid output or the colour pro 
duotion to any corresponding degree, and although 
menstruation and pregnancy appear to alter the 
ammo acid output shghtly, the changes are not such 
as to raise the figures outside the normal range 
There is, however, an mdication that females excrete' 
more ammo-acids than males and that samples 
passed after long periods of retention m the bladder 
are hkely to give deeper colours than those obtamed 
under conditions of rapid diuresis 

The inferences to be drawn from these observations 
appear to be that if a sample, collected under normal 
conditions or under conditions affected merely by 
normal changes m mtemal environment, gives a total 
colour mtensity, significantly above the value 
arbitrarily assigned the number 6, it may be assumed 
to be pathological Also that, below this threshold 
value, considerable veinations m normals occur, for 
the study of which the techmque of paper ohromato 
graphy is admirably suited 
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A Growth Factor for Corynebacterium diphtheriae from Yeast 1 Preparation By F W 
' Chattaway, Do^ E Dolby, D A Hall and F C Happold {Departments of Biochemistry 

and Medicine, Leeds) 


A concentrate has been prepared from an acid hydro 
lysate of j'east n Inch has marked grondh promoting 
activity for the Dundee (Barton) stram of Coryne 
bacterium diplUhenae, on an othermso characterized 
medium The foUowmg flow shoot mdicates the 
techmque 

Brewer’s or Baker’s Yeast 
4 2K-HClforUhr 
Filtrate 1 + Residue 1 
I PbO to pH 3 
Filtrate 2 + Residue 2 
4, ‘Nonte’ 

Filtrate 3 + Residue 3 
4 NajPOj to pH 6 4 
Filtrate 4+ Residue 4 

4 Concentration at 40° C 
Filtrate 6 + Residue 6 

4 Phen3d hydrazmo and NaAc m cold 
Filtrate 6 + Residue 6 

4 Alcohol to 60 % with ohilhng 
Filtrate 7 + Residue 7 


The material at the seventh stage of thO purification 
had an actmty, based on the dry weight of total 
sohds, of 0 00001 pg /ml of medium One third of 
tlie drj' weight is reduemg substance, but, although 
the majontj of the activity is destroyed on the 
formation of an osazone, there is no direct evidence 
of the presence of a sugar m the active material The 
activity IS, hoao%’er, also destroyed by mnlij’-drm, 
the material givmg the characteristic peptide or 
ammo acid colour, and by mtrous acid, and there is 
considerable evidence for the presence of jwptides 
m tlio conjugate smee the activity is partially 
dostroj^od on acid liydrolj’sis In this, as m the 
absence of any simple method for the separation of 
the factor from the aqueous phase, and also m its 
presence m casern hyi'olj'sate, there is a marked 
resemblance to stropogemn The latter is, howo\ or, 
only 1/lOOOth part os active for this stram of 
0 diphtheriae 

Material of a similar if not identical nature has 
been shown to be present m liver extracts, both 
maramahan and from fish, and also, m human urme 


A Growth Factor for Corynebacterium diphtheriae from Yeast 2 Identification of the 
Components By F W Chattaway, Dobis E Dolby-, D A Hall and F C Happold 
(Departments of Biochemistry and Medicine, Leeds) 


Two dimensional partition chromatograms of a 
highlj- purified yeast fraction (Y 47) have shown 
the presence of twelve nmhydrm positive com- 
-qionents Of these, four have been identified by 
direct comparison with authentic specimens, as the 
free ammo acids, glutamic acid, serme, glycme and 
isoleuome Of the other eight, four at least are 
defimtely peptide m nature, bemg hydrolyzed by 
acid The other four are acid stable, but may still be 
peptide m nature One of the acid labile peptides, 
P 2, present apparently to the extent of nearly one 
third of the a ammo mtrogen of the preparation, on 
hydrolysis can be shown to be a tn-peptide con- 
taimng serme, glycme and glutamic aoid, partial 
degradation products, one of which has an i?, value 
comparable with that of seryl glycme, have also been 

obtamed, andtheseappeartoacoountforthepresence 

of two of the other peptide spots In view of this 
it IB mterestmg to note that Woolley has claimed 
partial strepogemn activity forseryl glyoyl glutamic 


acid and that P 2 is common to both Y 47 and 
strepogenm 

Treatment of the whole preparation with a-'ammo 
acid oxidase causes a decrease m activity, and the 
disappearance of those spots proved to be free ammo 
acids and one of the acid stable components 
Similar treatment after acid,hj'drolysis removes the 
rest of the activity, thus mdicatmg that the activity 
may be assumed to be associated with at least two 
fractions, one of which is peptide m nature, the other 
apparently havmg the properties of a free ammo 
acid Activity has actually been shown to be 
associated with three of the components , two of the 
peptides, and a fimction which travels very slowly m 
both phenol and colhdme and which is stable to acid 
hydrolj-sis 

All three fractions are required for complete 
growth, association of certam pairs, however, givmg 
partial growth 


i 
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The Goenzyme-like Action of Tryptophan in the Biosynthesis of Nicotinamide by Bad colt 
ByP EiiiNGER and M M Abdel Kadeb. 


2,4,6 and 7-m6thyl tryptophans (2niM) prepared 
and kindly supplied by Dr H N Rydon (1948) 
inhibit tn vtiro completely the synthesis ofmcotm- 
amide (Nam ) m sm ammomum lactate (am lact ) 
medium contammg ormthme (2mM) by Bact. coh 
without afiectmg theu' growth This inhibition, m 
combination with results by Heidelberger, Gullberg, 
Morgan & Lepkowsky (1948) that after mtake of 
tryptophan-|3C^'‘ the ehmmated Nam metabohtes 
were not radioactive, suggested the possibihty that 
tryptophan was not directly converted mto Nam , 
but acted only as catalyst of the synthesis 

This hypothesis was tested by the foUowmg 
experiments 

Washed coh, broken up coh, sahne washmgs 
of tlie latter, imdialyzed and dial3fzed, and the 
washed cell fragments were tested for their activity 
to synthesize Nam m sahne phosphate or am lact 


media contammg no addition, tryptophan, ormthme 
or both of them m mM concentrations While the 
washed ceU fragments had lost all Nam synthesizmg 
abihty the four other preparations showed essentially 
identical behaviour 

No Nam was formed m salme phosphate medium 
m the absence or presence of tryptophan even when 
glucose was added as source of energy In am lact 
or when ormthme was added to either medium Nam " 
formation occurred which mcreased by three to 
seven times when tryptophan (IroM) was added to 
am lact The already considerably greater Nam 
synthesis from ormthme was httle mcreased m am 
lact and not m sahne phosphate 

These results favour the conception of a coenzyme- 
hke action of tryptophan m the bacterial Nam 
synthesis 
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Investigations on Porphyrin Formation 'in Rabbits with the aid of “N By Helen M Mtrra 
and A Neubehqeb (National Institute for Medical Research, Hampstead, N TF 3) 


Shemm & Rittenberg (1946) have shown that the 
mtrogen of glycme is utilized specifically for the 
synthesis of porphyrms m the rat and m man The 
present mvestigations were earned out m order to 
establish whether the glycme N enters mto all four 
pyrrole rmgs For this purpose it was necessary to 
elaborate micro methods for the degradations of 
porphyrins Rabbits were fed 300 mg glycme (30 
atom % excess ^'‘N) 1 kg body weight over 4 days 
and killed 2 weeks later From the haemoglobins 
protoporphynn methyl ester was obtamed which 
was reduced with Pd and methyl methacrylate 


polymer to mesoporphynn ester (80% yield) The 
latter was oxidized to methyhnaleimide and hae 
matmic acid m 66-70 % yield These two substances 
were obtamed crystaUme The “N contents of both 
substances were similar, suggestmg that glycme or 
a metabohe denvative of glycme is the precursor of 
the mtrogen m both acidic and non acidic pyrrohe'' 
rmgs Experiments carried out on rats, m which 
the ^‘N content of haemm was compared after 
feedmg eqmvalent amounts of isotopic glycme and 
ethanolamme, mdicated clearly that the latter is 
not a precursor of the porphyrm structure 
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The Micro -estimation of Citric Acid By H 

Essex) 

The methods m which citnc acid is estimated as 
pentabromoacetone consist of two phases (1) the 
conversion of citric acid mto pentabromoacetone, 
(2) the estimation of pentabromoacetone formed 
Most recent modifications concern the latter, whereas 
the former has hardly been changed smee it was 


Weil Malhebbe (RunweU Hospital, nr Wielford, 

described by Stahre m 1806 However, the use of 
EMhO^ as oxidizmg agent is not without danger as 
ah excess must be avoided , furthermore, recoveries 
are often low m presence of other oxidizable sub 
strates In the modification proposed citno acid is 
oxidized at 60° 0 by vanadic acid m IOn-HjSO^ m 
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occurred in the control system (curve c) which con- 
tamed only catechol and enzyme , but m the presence 
of the secondary ammes the oxidation of the glycme 
''was particularly vigorous, and the curves of O* 
uptake were almost linear over 200 mm 

DISCUSSION 

The results recorded by James ei al (1948) showed 
that ammo acids containing primary ammo N 
react with an oxidation product of catechol produced 
by belladonna polyphenolase to form a compound 
with a deep red colour Reasons were given for 
supposmg tlie colour compound to have the structure 
of a p ammo-o qumone The results of tins paper 
shoyr that secondary ammo N is also capable of 
formmg strongly coloured, purple compounds Ter 
tiary ammes, on the other hand, form no colour 

The most probable method of formation of the 
coloured compound is from p hydroxy o henzo 
qumone (James ef aZ 1948) (p 036) by condensation 
of the amme and the hydroxyqumone at position 4 
This condensation can readily be formulated for 
secondary as well as primary ammes, but is un 
possible with tertiary ammes The results of the 
experiments with secondary and tertiary ammes 
may, therefore, be regarded as provi ding con 
firmation of the suggested structure for the coloured 
compound 

Neither secondary nor tertiary ammes are them 
selves oxidized m the system, the uptake of Oj/mol 
of catechol remaming at 2 atoms If the secondary 
amme muted directly with the first oxidation pro 
duct, o benzoqumone, to form the coloured com 
pound, the Oj consumption would be dimmished 
to 1 atom As it re m a i ns at 2 atoms, it seems safe to 
conclude that the qumone is first oxidized to the 
hydroxyqumone (consummg the second atom of 0,) 
as m the absence of the amme This confirms the 
occurrence of the hydroxyqumone as an mter- 
mediate m the reaction cham of colour formation — 


bo 

and hence of ammo acid oxidation — as already su 
gested 

The coloured complex formed by secon-"' y 
ammes oxidized glycme as vigorously as an ammo- 
acid coloured complex The compounds derived 
from ammo acids, which are secondary bases, and 
the complexes formed from secondary ammes," 
which are tertiary bases, are relatively stable sub 
stances m dilute solution and do not rapidly con- 
dense, hke the p hydroxy o qumone, to non- 
reducible aggregates This relative stabdity is no 
doubt the cause of their takmg part m the oxidation 
of ammo acids This is clearly brought out by the 
results of Fig 2 m which the addition of ammo 
groups, after much of the p hydroxy o qumone has 
had time to condense m their absence, brmgs about 
relatively little ammo acid oxidation 

SUMMARY 

1 Secondary ammes react m the beUadonna 
polsrphenolase catechol 85 fstem to produce com 
pounds with a strong purple colour 

2 Oxygen uptake is not altered by the presence 
of the secondary ammes 

3 Tertiary ammes do not produce colours and 
are not oxidized 

4 The coloured complex formed by secondary 
ammes oxidized glycme as vigorously as that formed 
by primary ammo acids 

6 If the addition of the amme is delayed irntd the 
catechol oxidation product has had tune to condense, 
oxidation of glycme is reduced 

6 The above facts are considered to confirm the 
p ammo o qumone structure of the coloured com- 
pounds formed with one molecule of ammo-acid 
Correspondmg compounds with tertiary mtrogen 
presumed to result from the condensation with 
secondaiy ammes The relative stabdity of these 
compounds enables them to participate in the 
oxidation of additional ammo acid , 
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